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1. Introduction

The purpose of this report is to define the objectives of the Oil and Gas Supply Model (OGSM), to describe
the model's basic approach, and to provide detail on how the model works. This report is intended as a
reference document for model analysts, users, and the public. It is prepared in accordance with the Energy
Information Administration's (EIA) legal obligation to provide adequate documentation in support of its
statistical and forecast reports (Public Law 93-275, Section 57(b)(2)).

Projected production estimates of U.S. crude oil and natural gas are based on supply functions generated
endogenously within National Energy Modeling System (NEMS) by the OGSM. OGSM encompasses
domestic crude oil and both conventional and unconventional natural gas supply. Unconventional gas
recovery (UGR) includes supply from tight gas formations, gas shales, and coalbeds. Crude oil and natural
gas projections are further disaggregated by geographic region. OGSM projects U.S. domestic oil and gas
supply for six Lower 48 onshore regions, three offshore regions, and Alaska. The general methodology relies
on forecasted profitability to determine exploratory and developmental drilling levels for each region and
fuel type. These projected drilling levels translate into reserve additions, as well as a modification of the
production capacity for each region.

OGSM also represents foreign trade in natural gas, simulating imports and exports by entry region. Foreign
gas trade may occur via either pipeline (Canada or Mexico), or via transport ships as liquefied natural gas
(LNG). These import supply functions are critical elements of any market modeling effort.

OGSM utilizes both exogenous input data and data from other modules within NEMS. The primary
exogenous inputs are resource levels, finding rate parameters, costs, production profiles, and tax rates - all
of which are critical determinants of the expected returns from projected drilling activities. Regional
projections of natural gas wellhead prices and production are provided by the Natural Gas Transmission and
Distribution Module (NGTDM). From the Petroleum Market Model (PMM) come projections of the crude
oil wellhead prices at the OGSM regional level. Important economic factors, namely interest rates and GDP
deflators flow to OGSM from the Macroeconomic Module. Controlling information (e.g., forecast year) and
expectations information (e.g., expected price paths) come from the integrating, or system module.

Outputs from OGSM go to other oil and gas modules (NGTDM and PMM) and to other modules of NEMS.
To equilibrate supply and demand in the given year, the NGTDM employs short-term supply functions (the
parameters for which are provided by OGSM) to determine nonassociated gas production and natural gas
imports. Crude oil production is determined within the OGSM using short-term supply functions. These
short-term supply functions reflect potential oil or gas flows to the market for a 1-year period. The gas
functions are used by NGTDM and the oil volumes are used by PMM for the determination of equilibrium
prices and quantities of crude oil and natural gas at the wellhead. OGSM also provides projections of natural
gas production to PMM to estimate the corresponding level of natural gas liquids production. Other NEMS
modules receive projections of selected OGSM variables for various uses. Oil and gas production is
forwarded to the Systems Module. Forecasts of oil and gas production go to the Macroeconomic Module to
assist in forecasting aggregate measures of output.
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OGSM s archived as part of the National Energy Modeling System (NEMS). The archival package of NEMS
is located under the model acronym NEMS2004. The version is that used to produce the Annual Energy
Outlook 2004 (AEO2004). The package is available through the National Technical Information Service. The
model contact for OGSM is:

Ted McCallister
Room 2E-088
Forrestal Building
Energy Information Administration
1000 Independence Avenue, S.W.
Washington, D.C.
Phone: 202-586-4820
This OGSM documentation report presents the following major topics concerning the model.
® Model purpose

® Model structure

® Inventory of input data, parameter estimates, and model output
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2. Model Purpose

OGSM is a comprehensive framework with which to analyze oil and gas supply potential and related issues.
Its primary function is to produce forecasts of crude oil and natural gas production, and natural gas imports
and exports in response to price data received endogenously (within NEMS) from the Natural Gas
Transmission and Distribution Model (NGTDM) and the Petroleum Market Model (PMM). The OGSM does
not provide nonassociated gas production forecasts per se, but rather parameter estimates for short-term
domestic gas production functions that reside in the NGTDM.

The NGTDM utilizes the OGSM supply functions during a solution process that determines regional
wellhead market-clearing prices and quantities. After equilibration is achieved in each forecast year, OGSM
calculates revised parameter estimates for the supply functions for the next year of the forecast based on
equilibrium prices from the PMM and NGTDM and natural gas quantities received from the NGTDM.
OGSM then sends the revised parameters to NGTDM, which updates the short-term supply functions for use
in the following forecast year. The determination of the projected natural gas and crude oil wellhead prices
and quantities supplied occurs within the NGTDM, PMM, and OGSM. As the supply component only,
OGSM cannot project prices, which are the outcome of the equilibration of demand and supply. The basic
interaction between OGSM and the other oil and gas modules is represented in Figure 1. Controlling
information and expectations come from the System Module. Major exogenous inputs include resource
levels, finding rate parameters, costs, production profiles, and tax rates - all of which are critical determinants
of the oil and gas supply outlook of the OGSM.

Figure 1. OGSM Interface with Other Oil and Gas Modules
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OGSM operates on aregionally disaggregated level, further differentiated by fuel type. The basic geographic
regions are Lower 48 onshore, Lower 48 offshore, and Alaska, each of which, in turn, is divided into a
number of subregions (see Figure 2). The primary fuel types are crude oil and natural gas, which are further
disaggregated based on type of deposition, method of extraction, or geologic formation. Crude oil supply
includes lease condensate. Natural gas is differentiated by nonassociated and associated-dissolved gas.'
Nonassociated natural gas is categorized by conventional and unconventional types. The unconventional gas
category in OGSM consists of resources in tight sands, gas shales, and coalbed methane formations.

OGSM provides mid-term (through year 2025) forecasts, as well as serving as an analytical tool for the
assessment of various policy alternatives. One publication that utilizes OGSM forecasts is the Annual Energy
Outlook (AEO). Analytical issues OGSM can address involve policies that affect the profitability of drilling
through impacts on certain variables including:

® drilling costs,
® production costs,
® regulatory or legislatively mandated environmental costs,

® key taxation provisions such as severance taxes, State or Federal income taxes, depreciation
schedules and tax credits, and

® the rate of penetration for different technologies into the industry by fuel type.

The cash flow approach to the determination of drilling levels enables OGSM to address some financial
issues. In particular, the treatment of financial resources within OGSM allows for explicit consideration of
the financial aspects of upstream capital investment in the petroleum industry.

OGSM is also useful for policy analysis of resource base issues. OGSM analysis is based on explicit
estimates for technically recoverable oil and gas resources for each of the sources of domestic production
(i.e., geographic region/fuel type combinations). With some modification this feature could allow the model
to be used for the analysis of issues involving:

® the uncertainty surrounding the technically recoverable oil and gas resource estimates, and

® access restrictions on much of the offshore Lower 48 states, the wilderness areas of the onshore
Lower 48 states, and the 1002 Study Area of the Arctic National Wildlife Refuge (ANWR).

In general, OGSM will be used to foster a better understanding of the integral role that the oil and gas
extraction industry plays with respect to the entire oil and gas industry, the energy subsector of the U.S.
economy, and the total U.S. economy.

"Nonassociated (NA) natural gas is gas not in contact with significant quantities of crude oil in a reservoir. Associated-dissolved
natural gas consists of the combined volume of natural gas that occurs in crude oil reservoirs either as free gas (associated) or as gas
in solution with crude oil (dissolved).
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Figure 2. Lower 48 Oil and Gas Supply Regions
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3. Model Structure

Introduction

This chapter describes the Oil and Gas Supply Module (OGSM), which consists of a set of submodules
(Figure 3) that perform supply analysis of domestic oil and gas production and foreign trade in natural gas
between the United States and other countries via pipeline or as liquefied natural gas. The OGSM provides
crude oil production and parameter estimates representing natural gas supplies by selected fuel types on a
regional basis to support the market equilibrium determination conducted within other modules of the
National Energy Modeling System (NEMS). The oil and gas supplies in each period are balanced against the
regional derived demand for the produced fuels to solve simultaneously for the market clearing prices and
quantities in the disjoint wellhead and enduse markets. The description of the market analysis models may
be found in the separate methodology documentation reports for the Petroleum Market Module (PMM) and
the Natural Gas Transmission and Distribution Model (NGTDM).

The OGSM mirrors the activity of numerous firms that produce oil and natural gas from domestic fields
throughout the United States or acquire natural gas from foreign producers for resale in the United States or
sell U.S. gas to foreign consumers. The OGSM encompasses domestic crude oil and natural gas supply by
both conventional and nonconventional recovery techniques. Nonconventional recovery includes
unconventional gas recovery (UGR) from low permeability sandstone and shale formations, and coalbeds.
Crude oil and natural gas projections are further disaggregated by geographic region. The OGSM represents
foreign trade in natural gas as pipeline imports and exports by entry region of the United States. Liquefied
natural gas (LNG) imports are determined in the NGTDM.

The model’s methodology is shaped by the basic principle that the level of investment in a specific activity
is determined largely by its expected profitability. In particular, the model assumes that investment in
exploration and development drilling, by fuel type and geographic region, is a function of the expected
profitability of exploration and development drilling, disaggregated by fuel type and geographic region.

Figure 3. Submodules within the Oil and Gas Supply Module

OGSM
Domestic Foreign
Oil & Gas Natural Gas
Supply Supply
Lower 48 Lower 48 Unconventional
Onshore Offshore Alaska Gas Canada Mexico
Conventional Conventional Recovery
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The OGSM includes an enhanced methodology for estimating short-term oil and gas supply functions. Short-
term is defined as a 1-year period in the OGSM. This enhancement improves the procedure for equilibrating
the natural gas and oil markets by allowing for the determination of regional market clearing prices for each
fuel, as opposed to the previous modeling system that only equilibrates markets at a national market clearing
price.

Output prices influence oil and gas supplies in distinctly different ways in the OGSM. Quantities supplied
as the result of the annual market equilibration in the PMM and NGTDM are determined as a direct result
of the observed market price in that period. Longer-term supply responses are related to investments required
for subsequent production of oil and gas. Output prices affect the expected profitability of these investment
opportunities as determined by use of a discounted cash flow evaluation of representative prospects.

The OGSM, compared to the previous EIA midterm model, incorporates a more complete and representative
description of the processes by which oil and gas in the technically recoverable resource base' convert to
proved reserves.” The previous model treated reserve additions primarily as a function of undifferentiated
exploratory drilling. The relatively small amount of reserve additions from other sources was represented
as coming from developmental drilling.

The OGSM distinguishes between drilling for new fields and that for additional deposits within old fields.
This enhancement recognizes important differences in exploratory drilling, both by its nature and in its
physical and economic returns. New field wildcats convert resources in previously undiscovered fields® into
both proved reserves (as new discoveries) and inferred reserves.* Other exploratory drilling and
developmental drilling add to proved reserves from the stock of inferred reserves. The phenomenon of
reserves appreciation is the process by which initial assessments of proved reserves from a new field
discovery grow over time through extensions and revisions. This improved resource accounting approach
is more consistent with literature regarding resource recovery.’

The breadth of supply processes that are encompassed within OGSM results in methodological differences
between the oil and gas production from lower 48 onshore conventional resources, lower 48 onshore
unconventional resources, lower 48 offshore, Alaska, and foreign gas trade. The present OGSM
consequently comprises a set of four distinct approaches and corresponding submodules. The label OGSM
as used in this report generally refers to the overall framework and the implementation of lower 48 onshore
oil and conventional gas supply. The Unconventional Gas Recovery Supply Submodule (UGRSS) models
gas supply from low permeability sandstone and shale formations, and coalbeds. The Offshore Oil and Gas
Supply Submodule (OOGSS) models oil and gas exploration and development in the offshore Gulf of Mexico
and Pacificregions. The Alaska Oil and Gas Supply Submodule (AOGSS) represents industry supply activity

'Economically recoverable resources are those volumes considered to be of sufficient size and quality for their production to be
commercially profitable by current conventional technologies, under specified economic assumptions. Economically recoverable
volumes include proved reserves, inferred reserves, as well as undiscovered and other unproved resources. These resources may be
recoverable by techniques considered either conventional or unconventional. Economically recoverable resources are a subset of
technically recoverable resources, which are those volumes producible with current recovery technology and efficiency but without
reference to economic viability.

2Proved reserves are the estimated quantities that analysis of geological and engineering data demonstrate with reasonable certainty
to be recoverable in future years from known reservoirs under existing economic and operating conditions.

*Undiscovered resources are located outside of oil and gas fields in which the presence of resources has been confirmed by
exploratory drilling, and thus exclude reserves and reserve extensions; however, they include resources from undiscovered pools
within confirmed fields to the extent that such resources occur as unrelated accumulations controlled by distinctly separate structural
features or stratigraphic conditions.

*Inferred reserves are that part of expected ultimate recovery from known fields in excess of cumulative production plus current
reserves.

3See, for example, An Assessment of the Natural Gas Resource Base of the United States, R.J. Finley and W.L. Fisher, er al, 1988,
and The Potential for Natural Gas in the United States, Volume II, National Petroleum Council, 1992.
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in Alaska. The Foreign Natural Gas Supply Submodule (FNGSS) models trade in natural gas between the
United States and other countries. These distinctions are reflected in the presentation of the methodology in
this chapter.

Several changes were made to the OGSM for the AEO2004. New finding rate functions for crude oil and
conventional natural gas resources were incorporated. Lower 48 onshore and offshore rigs, drilling, and
drilling cost equations were re-estimated for conventional sources. Parameters for the Unconventional Gas
Recovery Submodule were updated. Oil resource estimates for the National Petroleum Reserve in Alaska
(NPR-A) were revised. The drilling equations and finding rate functions for the Canadian Supply Submodule
were revised to improve performance. New submodules for offshore supply and LNG were developed. The
LNG submodule is now part of the NGTDM.

The following sections describe OGSM grouped into five conceptually distinct divisions. The first section
describes crude oil and conventional gas supply in the lower 48 States. This is followed by the methodology
of the Offshore Oil and Gas Supply Submodule, the Unconventional Gas Recovery Supply Submodule, and
then the Alaska Oil and Gas Supply Submodule. The chapter concludes with the presentation of the Foreign
Natural Gas Supply Submodule. A set of four appendices are included following the chapter. These separate
reports provide additional detail on special topics relevant to the methodology. The appendices present
extended discussions on the discounted cash flow (DCF) calculation, unconventional gas recovery,
technologies for unconventional gas recovery, and offshore oil and gas supply.

Lower 48 Onshore Supply Submodule

Introduction

This section describes the structure of the models that comprise the lower 48 onshore (excluding UGR)
submodule of the Oil and Gas Supply Module (OGSM). The general outline of the lower 48 submodule of
the OGSM is provided in Figure 4. The overall structure of the submodule can be best described as recursive.
The structure implicitly assumes a sequential decision making process. A general description of the
submodule's principal features and relationships computations is provided first. This is followed by a detailed
discussion of the key mathematical formulas and computations used in the solution algorithm.

A discounted cash flow (DCF) algorithm is used to calculate the expected profitability of a representative
well in each region. Inputs to this algorithm include oil and gas prices (from the PMM and NGTDM),
production profiles, co-product ratios, drilling costs, lease equipment costs, operating costs, severance tax
rates, ad valorem tax rates, royalty rates, State tax rates, Federal tax rates, tax credits, depreciation schedules,
and success rates. Expected DCF values are calculated for each well type (exploratory, developmental), and
for each fuel type (crude oil, shallow gas, and deep gas).

Exploratory and development wells by fuel type and region are predicted as functions of the expected

profitabilities of the fuel and region-specific drilling activity. Based on region-specific historical patterns,
exploration wells are broken down into new field wildcats and other exploratory wells.
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Figure 4. Flowchart for Lower 48 States Onshore Oil and Gas Submodule
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The forecasted numbers of new field wildcats, other exploratory wells, and developmental wells are used in
a set of finding rate equations to determine additions to oil and gas reserves each period. New field wildcats
determine new field discoveries. Based on the historical relationship between the initial quantity of proved
reserves discovered in a field and the field's ultimate recovery, reserves from new field discoveries are
categorized into additions to proved reserves and inferred reserves. Inferred reserves are converted into
proved reserves (extensions and revisions) in later periods by drilling other exploratory wells and
development wells.

Reserve additions are added to the end-of-year reserves for the previous period while the current period's
production is subtracted to yield the end of year reserves for the current period. Natural gas reserves along
with an estimate of the expected production-to-reserves ratio for the next period are passed to the NGTDM
for use in their short-run supply functions.

The Expected Discounted Cash Flow Algorithm

For each year t, the algorithm calculates the expected DCF for a representative well of type i, in region r, for
fuel type k. The calculation assumes only one source of uncertainty--geology. The well can be a success (wet)
or a failure (dry). The probability of success is given by the success rate; the probability of failure is given
by one minus the success rate. For expediency, the model first calculates the discounted cash flow for a
representative project, conditional on a requisite number of successful wells. The conditional project
discounted cash flow is then converted into the expected discounted cash flow of a representative well as
shown below.

Onshore Lower 48 Development

A representative onshore developmental project® consists of one successful developmental well along with
the associated number of dry holes. The number of dry developmental wells associated with one successful
development well is given by [(1/SR) - 1] where SR represents the success rate for a development well in
a particular region r and of a specific fuel type. Therefore, (1/SR) represents the total number of wells
associated with one successful developmental well. All wells are assumed to be drilled in the current year
with production from the successful well assumed to commence in the current year.

For each year of the project's expected lifetime, the net cash flow is calculated as:

NCFON,,,, = (REV - ROY - PRODTAX - DRILLCOST - EQUIPCOST
OPCOST - DRYCOST - STATETAX - FEDTAX), ., for i (1)
r=1thru6 k =1thru4, s =t thru t+L
where,
NCFON = annual undiscounted net cash flow for a representative onshore development
project

REV = revenue from the sale of the primary and co-product fuel
ROY = royalty taxes

®Equations (1) through (6) in this section and the following one describe the computation of the expected discounted cash flow
estimate for a representative onshore exploratory or developmental well, denoted as DCFON;, , in equations (4) and (6). An
equivalent set of calculations determine DCFOFF, , ,, the expected discounted cash flow estimate for a representative offshore
exploratory or developmental well. In these equations, the suffix "ON" is replaced everywhere by "OFF," with all other particulars
remaining the same. These alternate equations are not shown to avoid redundancy in the presentation.
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PRODTAX = production taxes (severance plus ad valorem)

DRILLCOST =  the cost of drilling the successful developmental well
EQUIPCOST = lease equipment costs
OPCOST =  operating costs
DRYCOST = costof drilling the dry developmental wells
STATETAX =  state income tax liability
FEDTAX = federal income tax liability
I = well type (1 = exploratory, 2 = development)
r = subscript indicating onshore regions (see Figure 2 for OGSM region codes)
k = subscript indicating fuel type
s = subscript indicating year of project life
t = current year of forecast
L = expected project lifetime.’

The calculation of REV depends on expected production and prices. Expected production is calculated on
the basis of individual wells. Flow from each successful well begins at a level equal to the historical average
for production over the first 12 months. Production subsequently declines at a rate equal to the historical
average production to reserves ratio. The default price expectation is that real prices will remain constant
over the project's expected lifetime. The OGSM also can utilize an expected price vector provided from the
NEMS system that reflects a user-specified assumption regarding price expectations. The calculations of
STATETAX and FEDTAX account for the tax treatment of tangible and intangible drilling expenses, lease
equipment expenses, operating expenses, and dry hole expenses. The algorithm also incorporates the impact
of unconventional fuel tax credits and has the capability of handling other forms of investment tax credits.
For a detailed discussion of the discounted cash flow methodology, the reader is referred to Appendix 4-A
at the end of this chapter.

The undiscounted net cash flows for each year of the project, calculated by Equation (1), are discounted and
summed to yield the discounted cash flow for the representative onshore developmental project

(PROJDCFON). This can be written as:

1

PROJIDCFON, _,, = SUCDCFON, , + [( SRi,r,k) - 1] * DRYDCFON, , , @)
fori =2
where,
PROJDCFON = the discounted cash flow for a representative developmental project
SUCDCFON = the discounted cash flow associated with one successful onshore
developmental well
DRYDCFON = the discounted cash flow associated with one dry onshore developmental well
(dry hole costs).

Since the expected discounted cash flow for a representative onshore developmental well is equal to:

DCFON;

irk,t

= SR,,, * SUCDCFON,_,, + (1 - SR;,;) * DRYDCFON,

irk,t?

fori =2 (3)

it is easily calculated as:

" Abandonment of a project is expected to occur in that year of its life when the expected net revenue is less than expected operating
costs. When abandonment does occur, expected abandonment costs are added to the calculation of the project's discounted cash flow.
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DCFON, ,, = PROJIDCFON, ,, * SR,,,, fori=2r=1thru 6 k = 1 thru 4 (4)
where,
DCFON = expected discounted cash flow for a representative onshore developmental
well.
SR = drilling success rate

Onshore Lower 48 Exploration

A representative onshore exploration project consists of one successful exploratory well, [(1/SR, )-1] dry
exploratory wells, m, successful development wells, and m*[(1/SR,,)-1] dry development wells. All
exploratory wells are assumed to be drilled in the current year with production from the successful
exploratory well assumed to commence in the current year. The developmental wells are assumed to be
drilled in the second year of the project with production from the successful developmental well assumed
to begin in the second year.

The calculations of the yearly net cash flows and the discounted cash flow for the exploratory project are

identical to those described for the developmental project. The discounted cash flow for the exploratory
project can be decomposed as:

PROIDCFON,,,, = SUCDCFON,, + m, *

SUCDCFON,,,, + [( 1 ]- 1] x
SRy 1k (5)

1
SR

- 1| * DRYDCFON

DRYDCFONLr,k,t] + 1,5kt

lrk

where,
m, = number of successful developmental wells in a representative project.

The first two terms on the right hand side represent the discounted cash flows associated with the successful
exploratory well drilled in the first year of the project and the successful and dry developmental wells drilled
in the second year of the project. The third term represents the impact of the dry exploratory wells drilled
in the first year of the project.

Again, as in the development case, the expected DCF for a representative onshore exploratory well is
calculated by:

DCFON, ,,, = PROIDCFON,,, * SR,,, (6)

Calculation of Alternative Expected DCF's as Proxies for Expected Profitability

In some instances, the forecasting equations employ alternative, usually more aggregated, forms of the
expected DCF. For example, an aggregate expected fuel level DCF is calculated for each region . This
aggregate expected DCF is calculated as a weighted average of the expected exploratory DCF and the
expected developmental DCF for each fuel. Specifically,
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Wi o WELLS,.

ikt - T,
ZI: WELLS, . ,_, (7)

and

2
ODCFON,, = Y}, wl, , *DCFON,,,, for k=1 (8)
i=1
2
SGDCFON,, = ) wl, , *DCFON,,,, for k=3 (9)
i=1
where,
WELLS = wellsdrilled
ODCFON = expected DCF for oil
SGDCFON = expected DCF for shallow gas
DCFON = expected discounted cash flow for a representative onshore well.

Calculation of Cash Flow for Wells Determination

Expected industry cash flow is calculated as,

CASHFLOW, = c0 + ¢1*OILRATIO, + c2* GASRATIO, (10)

where OILRATIO (GASRATIO) is the ratio of the price of oil (natural gas) in 1997 dollars to the national
oil (natural gas) well operating cost index in 1997 dollars. The national operating cost indices were
constructed as follows.

For each year, a weighted average of regional well operating costs (in 1997 dollars) was calculated for oil,
shallow gas, and deep gas using successful wells from the previous year as weights. The national gas
operating cost was calculated as a weighted average of the national shallow and deep operating costs using
successful wells from the previous year as weights. The indices were then calculated by dividing the
operating costs for each year by the operating cost for 1997.

Lower 48 Onshore Wells Forecasting Equations

For each onshore Lower 48 region, the number of wells drilled by well class and fuel type is forecasted
generally as a function of the expected profitability, proxied by the expected DCF, of a representative well
of class i, in region 1, for fuel type k, in year t and expected industry cash flow. In some specific cases,
however, the forecasting equations may use the lagged value of the expected DCF or a more aggregate form
of the expected DCF.

The specific forms of the equations used in forecasting wells are given in Appendix B. These equations can
be expressed in the following generalized form.
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WELLSON,,,, = exp(m0,, + m00,,,) * DCFON,,,s* * (CASHFLOW,*REMAINRES, )" + WELLSON,}

irkt-1
* exp(-py, *(m0,, + m00,,)) * DCFON, 7" ™* « (CASHFLOW, ,*REMAINRES, , , ) "™ (1)
where,
WELLSON = lower 48 onshore wells drilled by class, region, and fuel type
DCFON =  expected DCF for a representative onshore well of class i, in region r, for fuel
type k, in year t
CASHFLOW = cash flow in year t
REMAINRES = the ratio of remaining undiscovered resources plus inferred reserves in year t
and undiscovered resources plus inferred reserve estimates in 1977
m’s, ’s = estimated parameters
p = estimated serial correlation parameter
1 = well type
r = lower 48 regions
k = fueltype
t = year.

Successful and Dry Wells Determination

The number of successful wells in each category is determined by multiplying the forecasted number of total
wells drilled in the category by the corresponding success rates. Specifically,

SUCWELSON, ,, = WELLSON, ., * SR, ;, fori = 1, 2, r = onshore regions, k = 1 thru 4 (12)
where,
SUCWELSON = successful onshore lower 48 wells drilled
WELLSON = onshore lower 48 wells drilled
SR = drilling success rate

i = well type (1 = exploratory, 2 = development)
r = lower 48 onshore regions
k = fuel type (1 = oil, 2 = shallow gas, 3 = deep gas, 4 = tight sands gas)
t = year

DRYWELON,,,, = WELLSON,,,, - SUCWELSON,,, , for i = 1, 2, (13)

r = onshore regions, k = 1 thru 4

Dry wells by class, region, and fuel type are calculated by:
where,

DRYWELON = number of dry wells drilled onshore
SUCWELSON successful lower 48 onshore wells drilled by fuel type, region, and well type

WELLSON = onshore lower 48 wells drilled by fuel type, region, and well type
i = well type (1 = exploratory, 2 = development)
r = lower 48 onshore regions
k = fuel type (1 = shallow oil, 2 = deep oil, 3 = shallow gas, 4 = deep gas)
t = year.
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Drilling, Lease Equipment, and Operating Cost Calculations

Three major costs classified within the OGSM are drilling costs, lease equipment costs, and operating costs
(including production facilities and general/administrative costs). These costs differ among successful
exploratory wells, successful developmental wells, and dry holes. The successful drilling and dry hole cost
equations capture the impacts of complying with environmental regulations, drilling to greater depths, rig
availability, and technological progress.

One component of the drilling equations that causes costs to increase is the number of wells drilled in the
given year. But within the framework of the OGSM, the number of wells drilled cannot be determined until
the costs are known. Thus, drilling is estimated as a function of price as generalized below:

ESTWELLS, = exp(b0) * POIL" * PGAS” * ESTWELLS?, * exp(-p+b0) * POIL_%"™ * PGAS %" (14)

ESTSUCWELLS, = exp(c0) * POIL’' «PGAS? * ESTSUCWELLS?, * exp(-p*c0) * POIL_%* x PGAS5™?  (15)

where,

ESTWELLS = estimated total onshore lower 48 wells drilled
ESTSUCWELLS estimated successful onshore lower48 wells drilled

POIL = average wellhead price of crude oil
PGAS = average wellhead price of natural gas
b0,b1,b2,c0,cl,c2 = estimated parameters
p = estimated serial correlation parameter
t = year.

The estimated level of drilling is then used to calculate the rig availability. The calculation is given by:

RIGSLA48, = exp(b0) * RIGSL48", * REVRIG,” (16)
where,
RIGSL48 = onshore lower 48 rigs
REVRIG = total drilling expenditures per rig
b0,bl,b2 = estimated parameters
t = year.
Drilling Costs

In each period of the forecast, the drilling cost per successful well is determined by:

DRILLCOST,,, = exp(b0,,) * exp(bly,) * exp(b2,,) * ESTWELLS, * * (17)
RIGSL48"* * exp(b5 * TIME)

3
DRYCOST,, , = exp(b0,,) b: exp(bl,,) * exp(b2,,) * ESTWELLS, ok (18)
RIGSL48, * * exp(b5 * TIME,)

where,

DRILLCOST
DRYCOST

drilling cost per well
drilling cost per dry well
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ESTWELLS = estimated total onshore lower 48 wells drilled

RIGSL48 = onshore lower 48 rigs
TIME = time trend - proxy for technology
r = OGSM lower 48 onshore region
k = fuel type (1 = shallow oil, 2 = deep oil, 3 = shallow gas, 4 = deep gas)
d = depthclass
b0, bl, b2, b3,b4,b5 = estimated parameters
t = year.

Lease Equipment Costs

In each period of the forecast, lease equipment costs per successful well are determined by:

LEQC,,, = exp(b0,,) * exp(bl,  DEPTH,, ) * ESTSUCWELLS, * = exp(b3, * TIME)

where,
LEQC = oil and gas well lease equipment costs
DEPTH = average well depth
ESTSUCWELLS = estimated lower 48 successful onshore wells
TIME = time trend - proxy for technology
€0,€l1,€2 = estimated parameters
r = OGSM lower 48 onshore region
k = fuel type (1=shallow oil, 2=deep oil, 3=shallow gas, 4=deep gas)
t = year.
Operating Costs

In each period of the forecast, operating costs per successful well are determined by:

OPC,,, = exp(0,,) * exp(bl, * DEPTH,,) *+ ESTSUCWELLS, * * exp(b3, * TIME)
where,
OPC = oil and gas well operating costs
ESTSUCWELLS = estimated lower 48 successful onshore wells
DEPTH =  average well depth
TIME = time trend - proxy for technology
b0, bl,b2,b3 =  estimated parameters

r OGSM lower 48 onshore region
k = fuel type (1=shallow oil, 2=deep oil, 3=shallow gas, 4=deep gas)
t = year.

The estimated wells, rigs, and cost equations are presented in their generalized form but the forecasting

equations include a correction for first order serial correlation as shown in Appendix E.

Reserve Additions
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The Reserve Additions algorithm calculates units of oil and gas added to the stocks proved and inferred
reserves. Reserve additions are calculated through a set of equations accounting for new field discoveries,
discoveries in known fields, and incremental increases in volumetric recovery that arise during the
development phase. There is a 'finding rate' equation for each phase in each region and for each fuel type.

Each newly discovered field not only adds proved reserves but also a much larger amount of inferred
reserves. Proved reserves are reserves that can be certified using the original discovery wells, while inferred
reserves are those hydrocarbons that require additional drilling before they are termed proved. Additional
drilling takes the form of other exploratory drilling and development drilling. Other exploratory and
developmental drilling account for proved reserves added through new pools or extensions. The
determinants of revisions and adjustments are not well understood and thus projecting net revisions and
adjustments is somewhat problematic, particularly for natural gas. For example, a negative adjustment or
revision can be recorded because of a change in ownership and, thus, not linked directly to drilling. Over
the last 25 years, net natural gas revisions and adjustments have varied from a low of -2.2 trillion cubic feet
to as much as 3.1 trillion cubic feet. Cumulative reserve additions from revisions and adjustments over the
last 25 years have been about relatively small, 12 trillion cubic feet compared to about 150 trillion cubic feet
from new discoveries and extensions. As a result, net revisions and adjustments of natural gas reserves are
not projected.

The volumetric yield from a successful new field wildcat well is divided into proved reserves and inferred
reserves. The proportions of reserves allocated to these categories are based on historical reserves growth
statistics. Specifically, the allocation of reserves between proved and inferred reserves is based on the ratio
of the initial reserves estimated for a newly discovered field relative to ultimate recovery from the field.®

Functional Forms

Oil or gas reserve additions from new field wildcats are a function of the cumulative new field discoveries,
the initial estimate of recoverable resources for the fuel, and the rate of technological change.

Total successful exploratory wells are disaggregated into successful new field wildcats and other exploratory
wells based on a historical ratio. For the rest of the chapter, successful new field wildcats will be designated
by the variable SW 1, other successful exploratory wells by SW2, and successful development wells by SW3.

Discoveries per successful new field wildcat are a function of drilling activity, average depth, a time trend
that proxies the impact of technological change, and the estimated volume of remaining undiscovered
resources. Specifically, the finding rate equation for new field wildcats is

FRI,,, = (7P 4 oPOPRPMy , o PhSWii , RESOURCE,™ + FR1SY,
w @ PoBODEPTH, o o —poBloxSWi,, RESOURCEr:kr;k_*fr'k
where,
FR1 = new field wildcats finding rate
DEPTH =  average depth

SW1 number of successful new field wildcats
RESOURCE = remaining undiscovered resources

8A more complete discussion of the topic of reserve growth for producing fields can be found in Chapter 3 of The Domestic Oil
and Gas Recoverable Resource Base: Supporting Analysis for the National Energy Strategy.
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o, b1, B2, 0

estimated parameters

p = estimated serial correlation parameter
r = region

k = fuel type (oil or gas)

t = year

The above equation provides a rate at which undiscovered resources convert into proved and inferred
reserves as a function of cumulative new field wildcats. Given an estimate for the ratio of ultimate recovery
from a field relative to the initial proved reserve estimate, X, the X, reserve growth factor is used to
separate newly discovered resources into either proved or inferred reserves. Specifically, the change in
proved reserves from new field discoveries for each period is given by

1
NRD,,, = 'l * FRL ,, * SWL (22)
k
where,
X = reserves growth factor
NRD = additions to proved reserves from new field discoveries.

X is derived from historical data and it is assumed to be constant during the forecast period.

Reserves are converted from inferred to proved in a similar way as proved and inferred reserves are modeled
as moving from the resource base as described above. The volumetric return to other exploratory and
developmental wells is shown in the following equations.

FR2,,, = e » (OEXPWL,, +DEVWL )’ + INFR/.* + P& « FR2fE |

.k t
% g Pk 4 (OEXPWLr,k,t—l"'DEVWLr,k,t— 1)_pk*B1k * ]N-FRI‘,_k‘,,tk—*IBSLk *e —pi*Pdy * year, (23)
where,
FR2 = other exploratory and developmental well finding rate
OEXPWL = successful other exploratory wells
DEVWL = successful developmental wells
INFR = remaining inferred reserves
o, B1,B2,B3,Pp4 = estimated parameters
p = estimated serial correlation parameter
r = region
k = fuel type (oil or gas)
t = year
Crude oil net revisions and adjustments are given by
REVISIONS,, = (% * | onrit BOVRES ey, Plr PR, | B,
: BOYRES, (24)

B * WHP, s
xe Vel PCOMPWLiy _ q) 4 BOYRES,,
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where,

REVISIONS = netrevisions and adjustments
INFR = remaining inferred reserves
BOYRES = beginning-of-year reserves

WHP = wellhead price
CUMDWL = cumulative successful development wells
o, B1, B2, B3,P4,p5 = estimated parameters
r = region
k = fuel type (oil or gas)
t = year

Total reserve additions in period t are given by the following equation:

1
RAr,k,t= — FR]‘r,k,t * SWlnk’

k

t

+ FR2 , »SW2, . + REVISIONS, (25)

Finally, total end of year proved reserves for each period equals:

Royve = Rgen = Qe + RA, (26)
where,
R = reserves measured as of the end-of-year
Q = production.

Production to Reserves Ratio

The production of nonassociated gas in NEMS is modeled at the “interface” of NGTDM and OGSM while
oil production’ is determined within the OGSM. In both cases, the determinants of production include the
lagged production to reserves (PR) ratio and price. The PR ratio, as the relative measure of reserves
drawdown, represents the rate of extraction, given any stock of reserves.

For each year t, the PR ratio is calculated as:

Q
PR, =
TR, (27)
where,
PR, = production to reserves ratio for year t
Q, = production in year t (received from the NGTDM and the PMM)
R,, = endof yearreserves for year (t-1) or equivalently, beginning of year reserves
for year t.

°Electricity cogeneration and capacity associated with production from enhance oil recovery techniques is held constant at an
average historical level.
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PR, represents the rate of extraction from all wells drilled up to year t (through year t-1). To calculate the
expected rate of extraction in year (t+1), the model combines production in year t with the reserve additions
and the expected extraction rate from new wells drilled in year t. The calculation is given by:

pr . Rei* PRx(1-PR)) + (PRNEW + RA)

t+1 Rt
where,
PR, expected production to reserves ratio for year (t+1)
PRNEW = long-term expected production to reserves ratio for all wells drilled in forecast
R, = endof year reserves for year t or equivalently, beginning of year reserves for

year (t+1).

The numerator, representing expected total production for year t+1, comprises the sum of two components.
The first represents production from proved reserves as of the beginning of year t. This production is the
expected production in year t, R *PR,, adjusted by 1-PR, to reflect the normal decline from year t to t+1.
The second represents production from reserves discovered in year t. No production in year t+1 is assumed
from reserves discovered in year t+1.

PR, is constrained not to vary from PR, by more than 10 percent. It is also constrained not to exceed 30
percent.

The values for R, and PR, for natural gas are passed to the NGTDM for use in their market equilibration
algorithms and for crude oil are passed to a subroutine in OGSM, both of which solve for equilibrium
production and prices for year (t+1) of the forecast using the following short-term supply function:

Quierr = Ry * PRy x (1 + By AP, )]
where,
R, = end of year reserves in period t
PR, = extraction rate in period t

B estimated short run price elasticity of supply
AP, = (P,,-P)/P, proportional change in price from t to t+1.

t+1

The P/R ratio for period t, PR, is assumed to be the approximate extraction rate for period t+1 under normal
operating conditions. The product (R, * PR, is the expected, or normal, operating level of production for
period t+1. Actual production in t+1 will deviate from expected depending on the proportionate change in
price from period t and on the value of short run price elasticity. Documentation of the equations used to
estimate [3 is provided in Appendix E.

Associated Dissolved Gas

Associated dissolved (AD) gas production is estimated as a function of crude oil production. The basic form
of the equation is given as:

ADGAS,, = ¢"®* x OILPROD/,
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where,

ADGAS = associated dissolved gas production
OILPROD = crude oil production
r = OGSM region
t = year
o = estimated parameters.

This simple regression function is used in the estimation of AD gas production in onshore regions 1 through
4. A time dummy is introduced in onshore regions 5 and 6 and offshore regions of California and the Gulf
of Mexico to represent loosening of restrictions on capacity and changes in regulation. Specifically,

N X 0, + B 1,xDUMSS,
ADGAS,, = ¢ BeD-PMES o prOD PP (31)
where,
DUM86 =  dummy variable (1 if t>1985, otherwise 0)
060,061,[30,[31 = estimated parameters.

Unconventional Gas Recovery Supply Submodule

This section describes the basic structure of the Unconventional Gas Recovery Supply Submodule
(UGRSS). The UGRSS is designed to project gas production from unconventional gas deposits. This section
provides an overview of the basic modeling approach. A more detailed description of the methodology is
presented in Appendix 3-B and an in depth view of the treatment of technology in the UGRSS is provided
in Appendix 3-C.

The UGRSS is a play level model that specifically analyzes the three major unconventional resources -
coalbed methane, tight gas sands, and gas shales. The UGRSS calculates the economic feasibility of
individual plays based on locally specific wellhead prices and costs, resource quantity and quality, and the
various effects of technology on both resources and costs. In each year an initial resource characterization
determines the expected ultimate recovery (EUR) for the wells drilled in a particular play. Resource profiles
are adjusted to reflect assumed technological impacts on the size, availability, and industry knowledge of
the resources in the play. Subsequently, prices received from the NGTDM and endogenously determined
costs adjusted to reflect technological progress are utilized to calculate the economic profitability (or lack
thereof) for the play. If the play is profitable, drilling occurs according to an assumed schedule, which is
adjusted annually to account for technological improvements, as well as varying economic conditions. This
drilling results in reserve additions, the quantities of which are directly related to the EUR’s for the wells
in that play. Given these reserve additions, reserve levels and (“expected”) production-to-reserves (P/R)
ratios are recalculated at the NGTDM region level. The resultant values are sent to OGSM, where they are
aggregated with similar values from the other submodules. The aggregate P/R ratios and reserve levels are
then passed to the NGTDM, which determines through market equilibration the prices and production for
the following year.

Offshore Supply Submodule
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This section describes the basic structure of the Offshore Oil and Gas Supply Submodule (OOGSS). The
OOGSS is designed to project the exploration and development of U.S. offshore oil and natural gas
resources. As described in previous sections, annual production is not determined within the OOGSS but
rather the parameters for the short-term supply functions that are used in the market equilibration routine
within the NGTDM and PMM. This section provides an overview of the basic approach. A more detailed
description of the methodology is presented in Appendix 3-D as well as a discussion of the characterization
of the undiscovered resource base and the various technology options for offshore exploration, development,
and production practices incorporated in the OOGSS.

The OOGSS simulates the economic decision-making at each stage of development from frontier areas to
post-mature areas. Offshore petroleum resources are divided into 3 categories: (1) undiscovered fields,
(2) discovered, undeveloped fields, and (3) producing fields. Resource and economic calculations are
performed at an evaluation unit basis. An evaluation unit is defined as the area within a planning area that
falls into a specific water depth category. Planning areas are the Western Gulf of Mexico (GOM), Central
GOM, Eastern GOM, Pacific, and Atlantic. There are five water depth categories: 0-200 meters, 200-800
meters, 800-1600 meters, 1600-2400 meters, and greater than 2400 meters.

Supply curves for crude oil and natural gas are generated for four offshore regions: Pacific, Atlantic, shallow
GOM (water depth less than 200 meters), and deep GOM (water depth greater than 200 meters). Crude oil
production includes oil condensate. Natural gas production accounts for both nonassociated gas and
associate/dissolved gas. The model is responsive to changes in oil and natural gas prices, royalty relief
assumptions, oil and natural gas resource base, and technological improvements affecting exploration and
development.

Alaska Oil and Gas Supply Submodule

This section describes the structure for the Alaska Oil and Gas Supply Submodule (AOGSS). The AOGSS
is designed to project field-specific oil and gas production from the Onshore North Slope, Offshore North
Slope, and Other Alaska (primarily the Cook Inlet area). The North Slope region encompasses the National
Petroleum Reserve Alaska in the west, the State Lands in the middle, and the Alaskan National Wildlife
Refuge area in the east. This section provides an overview of the basic approach including a discussion of
the discounted cash flow (DCF) method.

AOGSS Overview

The AOGSS is divided into three components: new field discoveries, development projects, and producing
fields (Figure 5).Transportation costs are used in conjunction with the relevant market price of oil or gas to
calculate the estimated net price received at the wellhead, sometimes called the netback price. A discounted
cash flow (DCF) method is used to determine the economic viability of each project at the netback price.
Alaskan oil and gas supplies are modeled on the basis of discrete projects, in contrast to the Onshore Lower
48 conventional oil and gas supplies, which are modeled on an aggregate level. The continuation of the
exploration and development of multi-year projects, as well as the discovery of a new field is dependent on
its profitability. Production is determined on the basis of assumed drilling schedules and production profiles
for new fields and developmental projects, and historical production patterns and announced plans for
currently producing fields.
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Figure 5. Flowchart for the Alaska Oil and Gas Supply Module
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Calculation of Costs

Costs differ within the model for successful wells and dry holes. Costs are categorized functionally within
the model as:

® Drilling costs,
® [ ease equipment costs, and
® Operating costs (including production facilities and general and administrative costs).

All costs in the model incorporate the estimated impact of environmental compliance. Whenever
environmental regulations preclude a supply activity outright, that provision is reflected in other adjustments
to the model. For example, environmental regulations that preclude drilling in certain locations within a
region are modeled by reducing the recoverable resource estimates for that region.

Each cost function includes a variable that reflects the cost savings associated with technological
improvements. As a result of technological improvements, average costs decline in real terms relative to
what they would otherwise be. The degree of technological improvement is a user specified option in the
model. The equations used to estimate costs are similar to those used for the lower 48, but include cost
elements that are specific to Alaska. For example, lease equipment includes gravel pads and ice roads.

Drilling Costs

Drilling costs are the expenditures incurred for drilling both successful wells and dry holes, and for equipping
successful wells through the "Christmas tree," the valves and fittings assembled at the top of a well to control
the fluid flow. Elements that are included in drilling costs are labor, material, supplies and direct overhead
for site preparation, road building, erecting and dismantling derricks and drilling rigs, drilling, running and
cementing casing, machinery, tool changes, and rentals. Drilling costs for exploratory wells include costs of
support equipment such as ice pads. Lease equipment required for production is included as a separate cost
calculation, and covers equipment installed on the lease downstream from the Christmas tree.

The average cost of drilling a well in any field located within region r in year t is given by:

DRILLCOST,,, = DRILLCOST,, ;.

* (1 - TECH1)**(t-T,) (32)

where,

I = well class(exploratory=1, developmental=2)
r = region (Offshore North Slope = 1, Onshore North Slope = 2, Cook Inlet = 3)
k = fuel type (oil=1, gas=2)
t = forecast year

DRILLCOST =  drilling costs

T, = base year of the forecast
TECH1 = annual decline in drilling costs due to improved technology.

The above function specifies that drilling costs decline at the annual rate specified by TECHI. Drilling costs
are not modeled as a function of the activity level as they are in the Onshore Lower 48 methodology.
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Drilling rigs and equipment are designed specifically for the harsh Arctic weather conditions. Once this
equipment is moved up to Alaska, it is too expensive to transport back to the lower 48. Consequently,
company drilling programs in Alaska are planned to operate at a relatively constant level of activity because
of limited number of drilling rigs and equipment available for use.

Lease Equipment Costs

Lease equipment costs include the cost of all equipment extending beyond the Christmas tree, directly used
to obtain production from a drilled lease. Costs include: producing equipment, the gathering system,
processing equipment (e.g., oil/gas/water separation), and production related infrastructure such as gravel
pads. Producing equipment costs include tubing, pumping equipment. Gathering system costs consist of
flowlines and manifolds. The lease equipment cost estimate for a new oil or gas well is given by:

EQUIP,, , = EQUIP, kT, * (1 - TECH2)**(t - T) ( 33)
where,
r = region (Offshore North Slope = 1, Onshore North Slope = 2, Cook Inlet = 3)
k = fuel type (oil=1, gas=2)
t = forecast year
EQUIP = lease equipment costs
T, = base year of the forecast
TECH2 = annual decline in lease equipment costs due to improved technology.
Operating Costs

EIA operating cost data, which are reported on a per well basis for each region, include three main categories
of costs: normal daily operations, surface maintenance, and subsurface maintenance. Normal daily
operations are further broken down into supervision and overhead, labor, chemicals, fuel, water, and supplies.
Surface maintenance accounts for all labor and materials necessary to keep the service equipment functioning
efficiently and safely. Costs of stationary facilities, such as roads, also are included. Subsurface maintenance
refers to the repair and services required to keep the downhole equipment functioning efficiently.

The estimated operating cost curve is:

OPCOST,, = OPCOST,,; * (1 - TECH3)**(t - T) (34)
where,
r = region (Offshore North Slope = 1, Onshore North Slope = 2, Cook Inlet = 3)
k = fuel type (oil=1, gas=2)
t = forecast year
OPCOST =  operating cost

T, base year of the forecast
TECH3 = annual decline in operating costs due to improved technology.

Drilling costs, lease equipment costs, and operating costs are integral components of the following

discounted cash flow analysis. These costs are assumed to be uniform across all fields within each of the
three Alaskan regions.
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Treatment of Costs in the Model for Income Tax Purposes

All costs are treated for income tax purposes as either expensed or capitalized. The tax treatment in the DCF
reflects the applicable provisions for oil and gas producers. The DCF assumptions are consistent with
standard accounting methods and with assumptions used in similar modeling efforts. The following
assumptions, reflecting current tax law, are used in the calculation of costs.

® All dry-hole costs are expensed.

® A portion of drilling costs for successful wells are expensed. The specific split between
expensing and amortization is based on the tax code.

® Operating costs are expensed.
® All remaining successful field development costs are capitalized.

® The depletion allowance for tax purposes is not included in the model, because the current
regulatory limitations for invoking this tax advantage are so restrictive as to be insignificant in
the aggregate for future drilling decisions.

® Successful versus dry-hole cost estimates are based on historical success rates of successful
versus dry-hole footage.

® ] case equipment for existing wells is in place before the first forecast year of the model.

Discounted Cash Flow Analysis

A discounted cash flow (DCF) calculation is used to determine the profitability of oil and gas projects.'’ A
positive DCF is necessary to continue operations for a known field, whether exploration, development, or
production. Selection of new prospects for initial exploration occurs on the basis of the profitability index
which is measured as the ratio of the expected discounted cash flow to expected capital costs for a potential
project.

A key variable in the DCF calculation is the transportation cost to lower 48 markets. Transportation costs
for Alaskan oil include both pipeline and tanker shipment costs, while natural gas transportation costs are
strictly pipeline costs (tariffs) to the lower 48. Transportation costs are specified for each field, based on the
fuel type (i.e., oil or gas) and on the transportation cost of that fuel for that region. This cost directly affects
the expected revenues from the production of a field as follows:"!

REV;, = Qg * (MP, - TRANS) (35)
where,
f = field
t = year
REV = expected revenues
Q = expected production volumes

9See Appendix 4.A at the end of this chapter for a detailed discussion of the DCF methodology.
"This formulation assumes oil production only. It can be easily expanded to incorporate the sale of natural gas.
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MP
TRANS

market price in the lower 48 states
transportation cost.

The expected discounted cash flow associated with a representative oil or gas project in a field f at time tis
given by:

DCF;, = (PVREV - PVROY - PVDRILLCOST - PVEQUIP - TRANSCAP - (36)
PVOPCOST - PVPRODTAX - PVSIT - PVFIT - PVWPT),,

where,
PVREV = present value of expected revenues
PVROY =  present value of expected royalty payments
PVDRILLCOST =  present value of all exploratory and developmental drilling expenditures
PVEQUIP = present value of expected lease equipment costs
TRANSCAP =  cost of incremental transportation capacity
PVOPCOST =  present value of operating costs
PVPRODTAX = present value of expected production taxes (ad valorem and severance taxes)
PVSIT = present value of expected state corporate income taxes
PVFIT = present value of expected federal corporate income taxes
PVWPT = present value of expected windfall profits tax'?

The expected capital costs for the proposed field f located in region r are:

COST;, = (PVEXPCOST + PVDEVCOST + PVEQUIP + TRANSCAP),, (37)
where,

PVEXPCOST =  present value exploratory drilling costs

PVDEVCOST = present value developmental drilling costs

PVEQUIP present value lease equipment costs
TRANSCAP = cost of incremental transportation capacity

The profitability indicator from developing the proposed field is therefore equal to:
PROF,, = DCF,, / COST,, (38)

The field with the highest positive PROF in time t is then eligible for exploratory drilling in the same year.
The profitability indices for Alaska also are passed to the basic framework module of the OGSM.

New Field Discovery

Development of estimated recoverable resources, which are expected to be in currently undiscovered fields,
depends on the schedule for the conversion of resources from unproved to reserve status. The conversion of
resources into reserves requires a successful new field wildcat well. The discovery procedure can be
determined endogenously or supplied at the option of the user. The procedure requires data regarding:

12Since the Windfall Profits Tax was repealed in 1988, this variable would normally be set to zero. It is included in the DCF
calculation for completeness.
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® technically recoverable oil and gas resource estimates by region,
® (distribution of technically recoverable field sizes'® within each region,
® the maximum number of new field wildcat wells drilled in any year,
® new field wildcat success rate, and
® any restrictions on the timing of drilling.
The endogenous procedure generates:
® the set of individual fields to be discovered, specified with respect to size and location,
® an order for the discovery sequence, and
® a schedule for the discovery sequence.

The new field discovery procedure divides the estimate for technically recoverable oil and gas resources into
aset of individual fields. The field size distribution data is obtained from U.S. Geological Survey estimates."
The field size distribution is used to determine a largest field size based on the volumetric estimate
corresponding to an acceptable percentile of the distribution. The remaining fields within the set are specified
such that the distribution of estimated sizes conform to the characteristics of the input distribution. Thus, this
estimated set of fields is consistent with the expected geology with respect to expected aggregate recovery
and the relative frequency of field sizes.

New field wildcat drilling depends on the estimated expected DCF for the set of remaining undiscovered
recoverable prospects. If the DCF for each prospect is not positive, no new drilling occurs. Positive DCF's
motivate additional new field wildcat drilling. Drilling in each year matches the maximum number of new
field wildcats. A discovery occurs as indicated by the success rate; i.e., a success rate of 12.5 percent means
that there is one discovery in each sequence of eight wells drilled. By assumption, the first new field well
in each sequence is a success. The requisite number of dry holes must be drilled prior to the next successful
discovery.

The execution of the above procedure can be modified to reflect restrictions on the timing of discovery for
particular fields. Restrictions may be warranted for enhancements such as delays necessary for technological
development needed prior to the recovery of relatively small accumulations or heavy oil deposits. State and
Federal lease sale schedules would also restrict the earliest possible date for beginning the development of
certain fields. This refinement is implemented by declaring a start date for possible exploration. For
example, AOGSS specifies that if Federal leasing in Alaskan National Wildlife Refuge were permitted, then
the earliest possible development date would be 2011. Another example is the development of the West Sak
field is expected to be delayed until technology can be developed that will enable the heavy crude oil of that
field to be economically extracted.

B3"Size" of a field is measured by the volume of recoverable oil (in barrels) or gas (in cubic feet).

Y“Estimates of Undiscovered Conventional Oil and Gas Resources in the United States -- A Part of the Nation's Energy
Endowment, USGS (1989); and Arctic National Wildlife Refuge, 1002 Area, Petroleum Assessment, 1998, Including Economic
Analysis, USGS (April 2001); and U.S. Geological Survey 2002 Petroleum Resource Assessment of the National Petroleum Reserve
in Alaska (NPRA) USGS (2002).
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Development Projects

Development projects are those projects in which a successful new field wildcat has been drilled. As with
the new field discovery process, the DCF calculation plays an important role in the timing of development
and exploration of these multi-year projects.

Each model year, the DCFis calculated for each potential development project. Initially, the drilling schedule
is determined by the user or some set of specified rules. However, if the DCF for a given project is negative,
then exploration and development of this project is suspended in the year in which this occurs. The DCF for
each project is evaluated in subsequent years for a positive value; at which time, exploration and
development will resume.

Production from developing projects follows the generalized production profile developed for and described
in previous work conducted by DOE staff."> The specific assumptions used in this work are as follows:

® a2-to 4-year build-up period from initial production to peak rate,
® peak rate sustained for 3 to 8 years, and

® production rates decline by 5 to 18 percent per year, for known fields under development, after
production declines below the peak rate; unknown fields decline by 10 percent per year.

The pace of development and the ultimate number of wells drilled for a particular field is based on the
historical field-level profile adjusted for field size and other characteristics of the field (e.g. API gravity.)

After all exploratory and developmental wells have been drilled for any given project, development of the
project is complete. For this version of the AOGSS, no constraint is placed on the number of exploratory or
developmental wells that can be drilled for any project. All completed projects are added to the inventory
of producing fields.

Development fields include fields that have already been explored, but that have not begun production. These
fields include, for example, a series of expansion fields in the Prudhoe Bay area, and a series of fields in the
National Petroleum Reserve, Alaska (NPRA). For these fields, the starting date of production was not
determined by the discovery process outlined above, but is based upon estimates of when these fields will
come into production, from both the state of Alaska and EIA. (2000 Annual Report, Alaska Department of
Natural Resources, Division of Qil and Gas, 2000, and Future Oil Production for the Alaska North Slope,
EIA, Office of Oil and Gas, DOE/EIA-0627, May 2001.)

Producing Fields

Oil and natural gas production from fields producing as of the base year (e.g., Prudhoe Bay, Kuparuk,
Lisburne, Endicott, and Milne Point) are based on historical production patterns, remaining estimated
recovery, and announced development plans. Production ceases when flow becomes subeconomic; i.e.,
attains the assumed minimum economic production level.

The percent of oil in-place recovered from a North Slope producing field is determined by prevailing world
oil prices. The North Slope oil fields produce predominantly low to medium gravity oils. The percent
recovery of North Slope oil in-place depends upon the extent to which the petroleum companies drill and

BSPotential Oil Production from the Coastal Plain of the Arctic National Wildlife Refuge: Updated Assessment, EIA (May 2000)
and Alaska Oil and Gas - Energy Wealth of Vanishing Opportunity?, DOE/ID/0570-H1 (January 1991).
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operate new infill water injectors and production wells to produce these low to middle quality oils. Higher
oil prices increase the percent recovery of the oil in-place by encouraging North Slope oil producers to
increase their infill drilling and to inject more water. Because Prudhoe Bay oil field is the largest and most
typical middle gravity oil field on the North Slope, the impact of oil prices on the recovery of in-place
resources for middle gravity oil fields was based on an expected recovery rate of 45 percent at $25 per barrel
for Prudhoe Bay. At oil prices of $10 per barrel or below, the minimum recovery factor for the middle
gravity oil in-place oil is 35 percent, which linearly increases to maximum recovery of 55 percent $40 per
barrel and above. For the North Slope heavy oil fields (i.e., low gravity oil) 10 percent recovery of the in-
place oil is expected at $25 per barrel. At $10 per barrel or less, the minimum recovery drops to 7.5 percent
for a heavy oil field. At $40 per barrel or more, the maximum recovery increases to 12.5 percent for a heavy
oil field.

Natural gas production from the North Slope for sale to end-use markets depends on the construction of a
pipeline to transport natural gas to lower 48 markets.'® In addition, the reinjection of North Slope gas for
increased oil recovery poses an operational/economic barrier limiting its early extraction. Nonetheless, there
are no extraordinary regulations or legal constraints interfering with the recovery and use of this gas. Thus,
the modeling of natural gas production for marketing in the lower 48 states recognizes the expected delay
to maximize oil recovery, but it does not require any further modifications from the basic procedure."’

Over the forecast period, Alaskan natural gas production is limited to natural gas resources in the Prudhoe
Bay field and the adjacent Port Thompson field. In all, these fields have estimated reserves of 35 trillion
cubic feet of natural gas.'® Of this, EIA has estimated that 26 trillion cubic feet could be produced with only
a minor impact on North Slope oil production. All Alaska North Slope natural gas production in the EIA
forecast is limited to this 26 Tcf of stranded gas reserves. EIA estimates that this already discovered gas
requires a return of at least $0.80 per thousand cubic feet at the wellhead before these reserves would be
developed.

Foreign Natural Gas Supply Submodule

This section describes the structure for the Foreign Natural Gas Supply Submodule (FNGSS) within the Oil
and Gas Supply Module (OGSM). FNGSS includes U.S. trade in foreign natural gas via either the North
American pipeline network or ocean-going tankers.'® Gas is traded with Canada and Mexico via pipelines.
The border crossing locations are identified in Figure 6. Gas trade with other, nonadjacent, countries is in
the form of liquefied natural gas (LNG) and involves liquefaction, transportation by tanker and subsequent
regasification. To date, the United States has imported LNG from Algeria, Australia, Indonesia, Malaysia,
Nigeria, Oman, Qatar, Trinidad and Tobago, and the United Arab Emirates.

A representation of Canadian gas reserves accounting and well development has been established. Since
forecasts of fixed volumes are not adequate for the purposes of equilibrating supply and demand, this
submodule provides the Natural Gas Transmission and Distribution Module (NGTDM) with a supply
function of Canadian gas at the western Canadian supply point. With the help of these supply parameters,

"Initial natural gas production from the North Slope for Lower 48 markets is affected by a delay reflecting a reasonable period
for construction.

The currently proposed version of AOGSS does not include plans for an explicit method to deal with the issue of marketing ANS
gas as liquefied natural gas (LNG) exports to Pacific Rim countries. The working assumption is that sufficient recoverable gas
resources are present to support the economic operation of both a marketing system to the Lower 48 States and the LNG export
project.

¥Alaska Gas: Clean Energy for the Future, British Petroleum, 2001.

“The issue of foreign gas trade generally is viewed as one of supply (to the United States) because the United States is currently
a net importer of natural gas by a wide margin, a situation that is expected to continue.
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Figure 6. Foreign Natural Gas Trade via Pipeline
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Canadian imports to the United States are defined by the North American market equilibration that occurs
in the NGTDM. Natural gas imports via pipeline from Mexico are handled with less detail. LNG imports are
modeled on the basis of importation costs, including production, liquefaction, transportation, and
regasification. Projected imports of LNG are subject to user assumptions regarding the timing and size of
available import capacity. Natural gas LNG and Canadian exports are included in the National Energy
Modeling System (NEMS) as exogenous assumptions. Exports to Mexico are determined endogenously. This
section presents descriptions of the separate methodological approaches used to represent Canadian,
Mexican, and LNG natural gas trade.

Canadian Gas Trade

This submodule determines the components and the subsequent parameters needed to define the Western
Canadian conventional natural gas price/supply curve used by the NGTDM to help determine Canadian
import levels. Canadian production is represented for three regions in the NEMS -- the Western Canadian
Sedimentary Basin (WCSB, including Alberta, British Columbia, and Saskatchewan), the Northern Frontier
(Arctic Islands and MacKenzie Delta), and Eastern Canada. Production from the WCSB is further
disaggregated into conventional and unconventional (coalbed methane) production. Eastern Canadian
production is set exogenously in the NGTDM. Baseline production levels for unconventional production
are effectively set exogenously in the NGTDM as well, but are allowed to vary in the NGTDM in response
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to variations in the realized price. Gas production from the MacKenzie Delta is dependent on the
construction of a pipeline to Alberta, which is also determined by the NGTDM and documented separately.

The approach taken to determine WCSB gas supplies differs from that used in the domestic submodules of
the OGSM. Drilling activity, measured as the number of successful natural gas wells drilled, is estimated
directly as a function of the Western Canadian natural gas wellhead price, rather than as a function of
expected profitability proxied by the expected DCF. No distinction is made between exploration and
development. Next, an exponentially declining finding rate is applied to the successful wells to determine
reserve additions; a reserves accounting procedure yields reserve estimates (beginning of year reserves); and
an estimated extraction rate determines production potential [production to reserves ratio (PRR)]. The
general methodology employed for estimating potential conventional Canadian gas production from the
WCSB is depicted in Figure 7. Production from unconventional sources (i.e., coalbed methane, largely in
Western Canada) is handled within the NGTDM as an assumed production function dependent on price.

The determination of the import volumes into the United States occurs in the equilibration process of the
NGTDM, utilizing the WCSB supply curve parameters, unconventional and eastern Canadian production,
gas from the MacKenzie Delta, as well as Canadian demand estimates. Forecasts of Canadian consumption
are set at levels published in EIA’s International Energy Outlook 2003.

Conventional Gas from the Western Canadian Sedimentary Basin

Wells Determination

The total number of successful conventional natural gas wells drilled in Western Canada each year is
forecasted econometrically as a function of the Canadian natural gas wellhead price as follows:

SUCWELL, = e x GPRICE?' + SUCWELL" * ¢ « GPRICE! (39)
Figure 7. A General Outline of the Canadian Algorithm of the FNGSS
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where,

SUCWELL, = total conventional successful gas wells completed in Western Canada in year
t
GPRICE, = price per Mcf of natural gas in 1987 US dollars in year t
OGPRDCAN,, = conventional gas production in the previous forecast year (million cubic feet)

econometrically estimated parameter (7.57685, Appendix E)
econometrically estimated parameter (0.921915, Appendix E)
B, econometrically estimated parameter (0.816442, Appendix E)

) econometrically estimated parameter (-0.816442%7.57685, Appendix E)
B, = econometrically estimated parameter (-0.816442%0.921915, Appendix E)

0

1

Reserve Additions

The reserve additions algorithm calculates units of gas added to Western Canadian Sedimentary Basin
proved reserves. The methodology for conversion of gas resources into proved reserves is a critically
important aspect of supply modeling. The actual process through which gas becomes proved reserves is a
highly complex one. This section presents a methodology that is representative of the major phases that
occur; although, by necessity, it is a simplification from a highly complex reality.

Gas reserve additions are calculated using a finding rate equation. Typical finding rate equations relate
reserves added to wells or feet drilled in such a way that the rate of reserve additions declines as more wells
are drilled. The reason for this is, all else being constant, the larger prospects typically are drilled first.
Consequently, the finding rate can be expected to decline as a region matures, although the rate of decline
and the functional forms are a subject of considerable debate. In previous versions of the model an attempt
was made to estimate this equation; while the latest version is assumption based. Canadian gas reserve
additions are a function of the cumulative number of successful wells drilled, the recoverable resource base
(including inferred resources), and the rate of technological progress. The finding rate for gas is defined by:

FRCAN, = FRCAN, ,*e®=SUCWELL) (1 . FRTECH) (40)
where,
FRCAN = finding rate
SUCWELL, = successful gas wells drilled in year t
deltacan, = finding rate decline parameter in year t (>0)
FRTECH = finding rate technology factor (=0.03)

In this specification, the yield from successful drilling begins at the initial finding rate for each period
(FRCAN,,) and declines exponentially as drilling continues. However, technological progress can reduce
or even reverse this decline. The decline parameter (deltacan) is set as follows:

(FRCAN,_,-FRMIN) * RSVGR

deltacan, = RR - C S
UMRES,

(41)

where,
deltacan, = finding rate decline parameter in year t (>0)
t forecast year

FRCAN = finding rate (billion cubic feet per well)
FRMIN = minimum finding rate (0.25)
RSVGR = reserves growth factor (3.85)
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RR = initial recoverable resource estimate (including inferred resources) at
beginning of projection period (89 tcf in 2002), adjusted each year for
assumed impact of technological improvement of 0.5 percent per year
cumulative reserve discoveries (RESADCAN) from beginning of projection
period to the current projection year t

CUMRES

The denominator represents the remaining recoverable resource estimate in a given period. The minimum
finding rate (FRMIN) is incorporated in the equation so that the cumulative reserve discoveries match the
recoverable resource estimate when the yield from wells drilled falls to the minimum. The changing
recoverable volume necessitates recomputing the decline parameter (deltacan) in each period.

Total reserve additions in period t is given by:

sucwell,

RESADCAN, = f FRCAN, d(SUCWELL) (42)
0
_Or_
RESADCAN, - FRCAN, _, 4 g("deltacan + SUCWELL) (43)
deltacan,
where,
RESADCAN, = Reserve additions in year t, in BCF
FRCAN_, = Finding rate in the previous year, in BCF per well
SUCWELL, =  Successful gas wells drilled in year t
deltacan, = finding rate decline parameter in year t

Total end-of-year proved reserves for each period equal proved reserves from the previous period plus new
reserve additions less production.

RESBOYCAN,,, = CURRESCAN, + RESADCAN, - OGPRDCAN, (44)
where,
RESBOYCAN,,; = Beginning of year reserves for t+1 (end of year reserves for t), in BCF
CURRESCAN, = Beginning of year reserves for t, in BCF

RESADCAN, = Reserve additions in year t, in BCF
OGPRDCAN, = Production in year t, in BCF
t = forecast year

When rapid and slow technological progress cases are run, the forecasted values for the number of
successful wells and for the finding rate decline are adjusted accordingly.

Gas Production

Production is commonly modeled using a production-to-reserves ratio. A major advantage to this approach
is its transparency. Additionally, the performance of this function in the aggregate is consistent with its
application on the micro level. The production-to-reserves ratio, as the relative measure of reserves
drawdown, represents the rate of extraction, given any stock of reserves.
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Conventional gas production in the WCSB in year t is processed in the NGTDM and is represented by the
following equation:

AP
Qt=R1—1*PRt*(1+ﬁ*Pt) (45)
t-1
where,
Q;, = Gas production in year t, BCF
R., = End-of-year gas reserves in previous year, BCF
PR, = gas extraction rate in previous year (measured as the production to reserves
ratio at the end of the previous year)
P, = gas price at the wellhead in year t, 1987$/Mcf
B = assumed short run price elasticity of extraction
AP, = (P-P,), the difference in the price in year t from a reference price (P,, set in the

NGTDM) associated with the reference quantity (R, * PR)), 1987$/Mcf

The proposed production equation relies on price induced variation in the extraction rate to determine short
run supplies. The producible stock of reserves equals reserves at the end of the previous period. The
extraction rate for the current period, PR, is assumed as the approximate extraction rate for the current period
under normal operating conditions. The product of R, and PR, is the expected, or normal, operating level
of production for year t. The extraction rate (PR,,,) for year t+1 is defined in the FNGSS as:

OGPRDCAN, * (1 - PR) + PRRATNEW * RESADCAN,

PRRATCAN,,, =
b RESBOYCAN, (46)
where,
PRRATCAN,,, = gas extraction rate in previous year (measured as the production to reserves
ratio at the end of year t)
PRRATCAN, = gasextractionratein yeart (measured as the production to reserves ratio at the

end of the previous year: PR, = OGPRDCAN,/ RESBOYCAN,, )
RESBOYCAN, = end-of-year gas reserves in year t, BCF

OGPRDCAN, = Canadian gas production in year t, BCF
RESADCAN, = reserve additions in year t, BCF
PRRATNEW = new production to reserves ratio for new reserve additions

Allocation of Canadian Natural Gas Production to Canada and the United States

The purpose of Canadian natural gas production is to meet both Canadian demands and exports to the United
States. The methodology used to define Canadian natural gas production and exports is intrinsic in the North
American market equilibrium that occurs in the NGTDM. Thus, the details of this procedure are provided
in the methodology documentation for that module.

Mexican Gas Trade

Mexican gas trade is a highly complex issue. A range of noneconomic factors will influence, if not
determine, future flows of gas between the United States and Mexico. Uncertainty surrounding
Mexican/U.S. trade is great enough that not only is the magnitude of flow for any future year in
doubt, but also the direction of flow.
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Despite the uncertainty and the significant influence of noneconomic factors that influence Mexican
gas trade with the United States, a methodology to anticipate the path of future Mexican imports
from, and exports to, the United States has been incorporated into the FNGSS. This outlook is
generated using assumptions regarding regional supply from indigenous production and/or liquefied
natural gas (LNG) and regional/sectoral demand growth for natural gas in Mexico. These
assumptions have been developed from an assessment of current and expected industry and market
circumstances as indicated in announcements and reports from Mexican government officials,
industry announcements, and articles or reports in relevant publications. Excess supply is assumed
to be available for export to the United States, and any shortfall is assumed to be met by imports
from the United States.

Liquefied Natural Gas

Liquefaction is a process whereby natural gas is cooled to minus 260 degrees Fahrenheit, causing it to be
converted from a gas to a liquid. This also reduces its volume significantly, making it possible to transport
to distant markets. This allows stranded gas, or gas that would otherwise be inaccessible due either to lack
of nearby markets or lack of pipeline infrastructure to deliver it to local markets, to be monetized. LNG
imports into the United States have grown over the past five years, and prospects for continued growth are
good. Various factors have contributed to the recent re-emergence of LNG as an economically viable source
of energy, including contracts with pricing and delivery flexibility, the emergence of a spot market for LNG,
a growing preference toward natural gas due to the lesser environmental consequences for burning it versus
other fossil fuels, a desire for diversification and security of energy supply, and lower costs throughout the
LNG supply chain. Relatively higher recent natural gas prices have provided further impetus. The prospect
of the construction of new LNG terminals has increased with the recent Federal Energy Regulatory
Commission (FERC) decision (the Hackberry Decision) to terminate open access requirements for new
onshore LNG terminals in the United States, by placing them on an equal footing with offshore terminals
regulated under provisions of the Maritime Security Act of 2002. In addition the Maritime Security Act
amended the Deepwater Port Act of 1974 to include offshore natural gas facilities, thus transferring
jurisdiction for offshore natural gas facilities from FERC to the Maritime Administration and the U.S. Coast
Guard, lowering the regulatory hurdles faced by potential developers of offshore LNG receiving terminals.
For AEO2004, a new algorithm was employed for determining U.S. imports of LNG and moved from the
OGSM to be solved within the Natural Gas Transmission and Distribution Module (NGTDM). A detailed
description of the algorithm is provided in the NGTDM documentation report. In brief, LNG imports into
the United States are determined using a set of regional, annual supply curves for LNG within the market
equilibrium routine in the NGTDM. The supply curves are established by determining the implied marginal
prices within a linear programming (LP) structure which minimize the cost of importing a selected level and
regional distribution of LNG imports in a year. The LP is solved multiple times to establish a series of
points, or price/quantity pairs, along each of the regional supply curves. The supply curves are drawn by
connecting the points. Within the LP, costs are represented using a series of step curves for regasification
in each U.S. receiving region represented, as well as for production and liquefaction for each producing
country/region represented. Shipping costs are similarly represented between each producing and receiving
point, as is reasonable. Exports of LNG via Alaska to Japan are still established exogenously to OGSM and
set constant throughout the forecast period at the average of recent historical levels (64.9 bcf).
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Appendix A. Data Inventory



An inventory of OGSM variables is presented in the following tables. These variables are divided into four
categories:

Variables: Variables calculated in OGSM

Data: Input data

Parameters: Estimated parameters

Output: OGSM outputs to other modules in NEMS.

The data inventory for the Offshore Supply Submodule is presented in a separate table.

All regions specified under classification are OGSM regions unless otherwise noted.
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Variables

Equation
Number

Subroutine

Variable Name

Code

Text

Description

Unit

Classification

1 OG_DCF CF NCFON Net cash flow for a 1987% Class(Exploratory,Developmental);
representative project 6 Lower 48 onshore regions;
Fuel(2 oil, 5 gas)
2,5 OG_DCF DCFTOT PROJDCFON Discounted cash flow for a 1987% Class(Exploratory,Developmental);
representative project 6 Lower 48 onshore regions;
Fuel(2 oil, 5 gas)
3,4,6 OG_DCF OG_DCF DCFON Discounted cash flow for a 1987% Class(Exploratory,Developmental);
representative well 6 Lower 48 onshore regions;
Fuel(2 oil, 5 gas)
7,8 OGEXP_CALC SODCF ODCFON Discounted cash flow for oil 1987% Class(Exploratory,Developmental);
6 Lower 48 onshore regions
7,9 OGEXP_CALC SGDCF SGDCFON Discounted cash flow for shallow | 1987$ Class(Exploratory,Developmental);
gas 6 Lower 48 onshore regions
10 OGEXP_CALC CASHFLOW CASHFLOW Industry cash flow 1997% NA
11 OGEXP_CALC WELLSL48 WELLSON Lower 48 onshore wells drilled Wells Class(Exploratory,Developmental);
6 Lower 48 onshore regions;
Fuel(2 oil, 5 gas)
12 OGEXP_CALC SUCWELLL48 SUCWELSON Successful Lower 48 onshore Wells Class(Exploratory,Developmental);
wells drilled 6 Lower 48 onshore regions;
Fuel(2 oil, 5 gas)
13 OGEXP_CALC DRYWELLL48 DRYWELON Dry Lower 48 onshore wells Wells Class(Exploratory,Developmental);
drilled 6 Lower 48 onshore regions;
Fuel(2 oil, 5 gas)
14 OGCST_L48 ESTWELLSL48 ESTWELLS Estimated lower 48 onshore Wells Lower 48 onshore
drilling (successful and dry)
15 OGCST_L48 ESTSUCWELL48 ESTSUCWELLS Estimated lower 48 onshore Wells Lower 48 onshore
successful wells drilled
16 OGCST_L48 RIGSL48 RIGSL48 Available rigs Rigs Lower 48 onshore
17 OGCST_L48 DRILLL48 DRILLCOST Successful well drilling costs 1987$ per well Class(Exploratory,Developmental);
6 Lower 48 onshore regions;
Fuel(2 oil, 5 gas)
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Variables

Variable Name

Iilquagon Subroutine Description Unit Classification
umber Code Text
18 OGCST_L48 DRYL48 DRYCOST Dry well drilling costs 19873 per well Class(Exploratory,Developmental);
6 Lower 48 onshore regions;
Fuel(2 oil, 5 gas)
19 OGCST_L48 LEASLA48 LEQC Lease equipment costs 1987$ per well Class(Exploratory,Developmental);
6 Lower 48 onshore regions;
Fuel(2 oil, 5 gas)
20 OGCST_L48 OPERL48 OPC Operating costs 19873 per well Class(Exploratory,Developmental);
6 Lower 48 onshore regions;
Fuel(2 oil, 5 gas)
21 OGOUT_L48 FR1L48 FR1 Finding rates for new field Oil-MMB per 6 Lower 48 onshore regions;
wildcat drilling well Fuel(2 oil,2 gas)
Gas-BCF per
well
22 OGOUT_L48 NRDL48 NRD Proved reserves added by new Oil-MMB 6 Lower 48 onshore regions;
field discoveries Gas-BCF Fuel(2 oil,2 gas);
23 OGOUT_L48 FR2L48 FR2 Finding rates for other Oil-MMB per 6 Lower 48 onshore regions;
exploratory and developmental well Fuel(2 oil,2 gas)
wells Gas-BCF per
well
24 OGOUT_L48 REVL48 REVISIONS Reserve revisions Oil-MMB 6 Lower 48 onshore regions;
Gas-BCF Fuel(2 oil, 5 gas)
25 OGOUT_L48 RESADL48 RA Total additions to proved Oil-MMB 6 Lower 48 onshore regions;
reserves Gas-BCF Fuel(2 oil, 5 gas)
26 OGOUT_L48 RESBOYL48 R End of year reserves for current Oil-MMB 6 Lower 48 onshore regions;
year Gas-BCF Fuel(2 oil, 5 gas)
27-28 OGOUT_L48 PRRATL48 PR Production to reserves ratios Fraction 6 Lower 48 onshore regions;
Fuel(2 oil, 5 gas)
29 OGOUT_L48 EXPRDL48 Q Production Oil-MMB 6 Lower 48 onshore regions;
Gas-BCF Fuel(2 oil, 5 gas)
30-31 OGCOMP_AD OGPRDAD ADGAS Associated-dissolved gas BCF 6 Lower 48 onshore regions
production
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Equation
Number

Subroutine

Variable Name

Code

Text

Description

Unit

Classification

32 OGCOST_AK DRILLAK DRILLCOST Drilling costs 198783 per well Class(Exploratory,Developmental);
3 Alaska regions,Fuel (oil, gas)
33 OGCOST_AK LEASAK EQUIP Lease equipment costs 1987$ per well Class(Exploratory,Developmental);
3 Alaska regions,Fuel (oil, gas)
34 OGCOST_AK OPERAK OPCOST Operating costs 1987$ per well Class(Exploratory,Developmental);
3 Alaska regions,Fuel (oil, gas)
35 OG_DCF REV REV Revenue from a representative 1987% Alaska field
project
36 OG_DCF DCFTOT DCF Discounted cash flow for a 1987% Alaska field
representative project
37 OGNEW_AK COST_AK COST Capital costs 19873% Alaska field
38 OGNEW_AK PROF_AK PROF Profitability indicator NA Alaska field
39 XOGOUT_IMP SUCWELL SUCWELL Successful Canadian wells Wells Fuel(gas)
drilled in WCSB
40 XOGOUT_IMP FRCAN FRCAN Canadian finding rate for WCSB Gas:BCF per Fuel(gas)
well
41
42 XOGOUT_IMP RESADCAN RESADCAN Canadian reserve additions in Gas: BCF Fuel(gas)
WCSB
43
44 XOGOUT_IMP RESBOYCAN RESBOYCAN WCSB Canadian reserves (BOY | Gas: BCF Fuel(gas)
for t+1)
45 XOGOUT_IMP Gas: BCF Fuel(gas)
46 XOGOUT_IMP PRRATCAN PR Canadian production to reserves Fraction Fuel(gas)
ratio in WCSB
3A-1 OG_DCF DCFTOT DCF Discounted cash flow for a 1987$ per NA
representative project project
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Variable Name

Iilqua:)lon Subroutine Description Unit Classification
umber Code Text
3A-2 OG_DCF PVSUM(1) PVREV Present value of expected 1987$ per NA
revenue project
3A-4 OG_DCF PVSUM(2) PVROY Present value of expected 1987$ per NA
royalty payments project
3A-5 OG_DCF PVSUM(3) PVPRODTAX Present value of expected 1987$ per NA
production taxes project
3A-6 OG_DCF PVSUM(4) PVDRILLCOST Present value of expected 1987$ per NA
drilling costs project
3A-7 OG_DCF PVSUM(5) PVEQUIP Present value of expected lease 1987$ per NA
equipment costs project
3A-8 OG_DCF PVSUM(8) PVKAP Present value of expected 1987$ per NA
capital costs project
3A-9 OG_DCF PVSUM(6) PVOPCOST Present value of expected 1987$ per NA
operating costs project
3A-10 OG_DCF PVSUM(7) PVABANDON Present value of expected 1987$ per NA
abandonment costs project
3A-11 OG_DCF PVSUM(13) PVTAXBASE Present value of expected tax 1987$ per NA
base project
3A-12 OG_DCF XIDC XIDC Expensed Costs 1987$ per NA
project
3A-14 OG_DCF DHC DHC Dry hole costs 1987$ per NA
project
3A-15 OG_DCF DEPREC DEPREC Depreciable costs 1987$ per NA
project
3A-16 OG_DCF PVSUM(15) PVSIT Expected value of state income 1987$ per NA
taxes project
3A-17 OG_DCF PVSUM(16) PVFIT Expected value of federal 1987$ per NA
income taxes nrq_,iém
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Variable Name

Data

Subroutine Description Unit Classification Source
Code Text
ACCESS_YR - OGINIT_BFW Year in which Federal access Year NA Office of Integrated Analysis and
restrictions would be reduced in the Forecasting
Rocky Mountain Region in an
increased ACCESS Case
ADVLTXL48 PRODTAX OGFOR_L48 Lower 48 onshore ad valorem tax Fraction 6 Lower 48 onshore Colorado School of Mines. Oil
OGINIT_L48 rates regions; Propert Evaluation, 1983, p. 9-7
Fuel (2 oil, 5 gas)
ADVLTXOFF PRODTAX OGFOR_OFF Offshore ad valorem tax rates Fraction 4 Lower 48 offshore Colorado School of Mines. Oil
OGINIT_OFF subregions; Propert Evaluation, 1983, p. 9-7
Fuel (oil, gas)
ANGTSMAX - OGINIT_AK ANGTS maximum flow BCF/D Alaska National Petroleum Council
OGPIP_AK
ANGTSPRC - OGINIT_AK Minimum economic price for 1987$/MCF Alaska National Petroleum Council
OGPIP_AK ANGTS start up
ANGTSRES - OGINIT_AK ANGTS reserves BCF Alaska National Petroleum Council
OGPIP_AK
ANGTSYR - OGINIT_AK Earliest start year for ANGTS flow | Year NA National Petroleum Council
OGPIP_AK
BUILDLAG - OGEXPAND_LNG Buildup period for expansion of Year NA Office of Integrated Analysis and
OGINIT_LNG LNG facilities Forecasting
CPRDCAN - OGINIT_IMP Canadian coproduct rate Fraction Canada; Fuel (oil, gas) Not Used
Derived using data from the
Canadian Petroleum Association
CPRDLA48 COPRD OGFOR_L48 Lower 48 onshore coproduct rate Fraction 6 Lower 48 onshore Office of Integrated Analysis and
OGINIT_L48 regions; Forecasting
Fuel (2 oil, 5 gas)
CPRDOFF COPRD OGFOR_OFF Offshore coproduct rate Fraction 4 Lower 48 offshore Office of Integrated Analysis and
OGINIT_OFF subregions; Forecasting
Fuel (oil, gas)
CURPRRCAN PR OGINIT_IMP Canadian 1989 P/R ratio Fraction Canada; Fuel (gas) Derived using data from the
OGINIT_RES Canadian Petroleum Association
OGOUT_IMP
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Variable Name

Data

_———————————————— . .||

Subroutine Description Unit Classification Source
Code Text

CURPRRL48 omega OGINIT_L48 Lower 48 initial P/R ratios Fraction 6 Lower 48 onshore Office of Integrated Analysis and
OGINIT_RES regions; Forecasting
OGOUT_L48 Fuel (2 oil, 5 gas)
CURPRROFF omega OGINIT_OFF Offshore initial P/R ratios Fraction 4 Lower 48 offshore Office of Integrated Analysis and
OGINIT_RES subregions; Forecasting
OGOUT_OFF Fuel (oil, gas)
CURPRRTDM - OGINIT_L48 Lower 48 initial P/R ratios at Fraction 17 OGSM/NGTDM Office of Integrated Analysis and
OGOUT_L48 NGTDM level regions; Fuel (2 oil, 5 Forecasting
gas)
CURRESL48 R OGINIT_L48 Lower 48 onshore initial reserves MMB 6 Lower 48 onshore Derived from Annual Reserves
OGINIT_RES BCF regions; Report Data
OGOUT_L48 Fuel (2 oil, 5 gas)
CURRESOFF R OGINIT_OFF Offshore initial reserves MMB 4 Lower 48 offshore Derived from Annual Reserves
OGINIT_RES BCF subregions; Report Data
OGOUT_OFF Fuel (oil, gas)
CURRESTDM - OGINIT_L48 Lower 48 natural gas reserves at MMB 17 OGSM/NGTDM Office of Integrated Analysis and
OGINIT_RES NGTDM level BCF regions; Fuel (2 oil, 5 Forecasting
OGOUT_L48 gas)
DECFAC DECFAC OGOUT_L48 Inferred resource simultaneous Fraction NA Office of Integrated Analysis and
draw down decline rate adjustment Forecasting
factor
DECLCAN - OGINIT_IMP Canadian decline rates Fraction Canada; Fuel (oil, gas) Not Used
Office of Integrated Analysis and
Forecasting
DECLL48 - OGFOR_L48 Lower 48 onshore decline rates Fraction 6 Lower 48 onshore Office of Integrated Analysis and
OGINIT_L48 regions; Forecasting
WELL Fuel (2 oil, 5 gas)
DECLOFF - OGFOR_OFF Offshore decline rates Fraction 4 Lower 48 offshore Office of Integrated Analysis and
OGINIT_OFF subregions; Forecasting
WELL Fuel (oil, gas)
DECLPRO - OGINIT_AK Alaska decline rates for currently Fraction Field Office of Integrated Analysis and
OGPRO_AK producing fields Forecasting
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Data
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Subroutine Description Unit Classification Source
Code Text

DEPLETERT - OGINIT_IMP Depletion rate Fraction NA Not Used
Office of Integrated Analysis and
Forecasting
DEV_AK - OGDEV_AK Alaska drilling schedule for Wells per year | 3 Alaska regions; Fuel Office of Integrated Analysis and
OGINIT_AK developmental wells (oil, gas) Forecasting
OGSUP_AK
DISC disc OGDCF_AK Discount rate Fraction National Office of Integrated Analysis and
OGFOR_L48 Forecasting
OGFOR_OFF
OGINIT_BFW
DISRT - OGINIT_IMP Discount rate Fraction Canada Not Used
Office of Integrated Analysis and
Forecasting
DRILLAK DRILL OGCOST_AK Alaska drilling cost (not including 1990%/well Class (exploratory, Office of Integrated Analysis and
OGINIT_AK new field wildcats) developmental); Forecasting
3 Alaska regions;
Fuel (oil, gas)
DRILLCAN - OGINIT_IMP Canadian initial drilling costs 1987% Canada; Fuel (oil, gas) Not Used
Office of Integrated Analysis and
Forecasting
DRILLOFF DRILL OGALL_OFF Offshore drilling cost 1987% 4 Lower 48 offshore Mineral Management Service
OGFOR_OFF subregions
OGINIT_OFF
DRLNFWAK OGCOST_AK Alaska drilling cost of a new field 1990%/well 3 Alaska regions; Office of Integrated Analysis and
- OGINIT_AK wildcat Fuel (oil, gas) Forecasting
DRYAK DRY OGDCF_AK Alaska dry hole cost 1990%/hole Class (exploratory, Office of Integrated Analysis and
OGDEV_AK developmental); Forecasting
OGINIT_AK 3 Alaska regions;
OGNEW_AK Fuel (oil, gas)
DRYCAN - OGINIT_IMP Canadian dry hole cost 1987% Class (exploratory, Not Used
developmental) Office of Integrated Analysis and
Forecasting
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Data
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Subroutine Description Unit Classification Source
Code Text

DRYOFF DRY OGALL_OFF Offshore dry hole cost 1987$ Class (exploratory, Minerals Management Service
OGEXP_CALC developmental);
OGFOR_OFF 4 Lower 48 offshore
OGINIT_OFF subregions
DVWELLOFF - OGFOR_OFF Offshore development project wells per year | 4 Lower 48 offshore Minerals Management Service
OGINIT_OFF drilling schedules subregions;
Fuel (oil, gas)
DVWLCBML48 -- OGFOR_L48 Lower 48 development project wells per year | 6 Lower 48 onshore Office of Integrated Analysis and
OGINIT_L48 drilling schedules for coalbed regions Forecasting
methane
DVWLDGSL48 - OGFOR_L48 Lower 48 development project wells per year | 6 Lower 48 onshore Office of Integrated Analysis and
OGINIT_L48 drilling schedules for deep gas regions Forecasting
DVWLDVSL48 - OGFOR_L48 Lower 48 development project wells per year | 6 Lower 48 onshore Office of Integrated Analysis and
OGINIT_L48 drilling schedules for devonian regions Forecasting
shale
DVWLGASCAN - OGINIT_IMP Canadian development gas drilling | wells per Canada Not Used
schedule project per
year
DVWLOILCAN - OGINIT_IMP Canadian development oil drilling wells per Canada Not Used
schedule project per
year
DVWLOILL48 - OGFOR_L48 Lower 48 development project wells per year | 6 Lower 48 onshore Office of Integrated Analysis and
OGINIT_L48 drilling schedules for oil regions Forecasting
DVWLSGSL48 - OGFOR_L48 Lower 48 development project wells per year | 6 Lower 48 onshore Office of Integrated Analysis and
OGINIT_L48 drilling schedules for shallow gas regions Forecasting
DVWLTSGL48 - OGFOR_L48 Development project drilling wells per year | 6 Lower 48 onshore Office of Integrated Analysis and
OGINIT_L48 schedules for tight gas regions Forecasting
ELASTCAN - OGINIT_IMP Elasticity for Canadian reserves Fraction Canada Office of Integrated Analysis and
XOGOUT_IMP Forecasting
ELASTL48 - OGINIT_L48 Lower 48 onshore production Fraction 6 OGSm Lower 48 Office of Integrated Analysis and
OGINIT_RES elasticity values onshore regions Forecasting
OGOUT _L48
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Subroutine Description Unit Classification Source
Code Text

ELASTOFF - OGINIT_OFF Offshore production elasticity Fraction 4 Lower 48 offshore Office of Integrated Analysis and
OGINIT_RES values subregions Forecasting
OGOUT_OFF
EMCO - OGCOMP_EMIS Emission factors for crude oil Fraction Census regions EPA - Energy Technology
OGINIT_EMIS production Characterizations Handbook
EMFACT - OGCOMP_EMIS Emission factors MMB Census regions EPA - Energy Technology
OGINIT_EMIS MMCF Characterizations Handbook
EMNG - OGCOMP_EMIS Emission factors for natural gas Fraction Census regions EPA - Energy Technology
OGINIT_EMIS production Characterizations Handbook
EQUIPAK EQUIP OGCOST_AK Alaska lease equipment cost 1990%/well Class (exploratory, U.S. Geological Survey
OGINIT_AK developmental); 3
Alaska regions; Fuel (oil,
gas)
EXOFFRGNLAG OGEXP_CALC Offshore exploration & 1987% Class (exploratory, Office of Integrated Analysis and
- OGINIT_BFW development regional expenditure developmental); Forecasting
(1989) 4 Lower 48 offshore
subregions
EXP_AK OGDEV_AK Alaska drilling schedule for other wells per year | 3 Alaska regions Office of Integrated Analysis and
- OGINIT_AK exploratory wells Forecasting
OGSUP_AK
EXPENSE - OGINIT_IMP Fraction of drill costs that are fraction Class (exploratory, Not Used
expensed developmental) Canadian Tax Code
EXWELLOFF - OGFOR_OFF Offshore exploratory project drilling | wells per year | 4 Lower 48 offshore Minerals Management Service
OGINIT_OFF schedules subregions
EXWLCBML48 - OGFOR_L48 Lower 48 exploratory project drilling | wells per year | 6 Lower 48 onshore Office of Integrated Analysis and
OGINIT_L48 schedules for coalbed methane regions Forecasting
EXWLDGSL48 - OGFOR_L48 Lower 48 exploratory and wells per year | 6 Lower 48 onshore Office of Integrated Analysis and
OGINIT_L48 developmental project drilling regions Forecasting
schedules for deep gas
EXWLDVSL48 - OGFOR_L48 Lower 48 exploratory project drilling | wells per year | 6 Lower 48 onshore Office of Integrated Analysis and
OGINIT_L48 schedules for devonian shale regions Forecasting
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EXWLGASCAN - OGINIT_IMP Canadian exploratory gas drilling wells per year | Canada Not Used
schedule
EXWLOILCAN - OGINIT_IMP Canadian exploratory oil drilling wells per year | Canada Not Used
schedule
EXWLOILL48 - OGFOR_L48 Lower 48 exploratory project drilling | wells per year | 6 Lower 48 onshore Office of Integrated Analysis and
OGINIT_L48 schedules for oil regions Forecasting
EXWLSGSL48 - OGFOR_L48 Lower 48 exploratory project drilling | wells per year | 6 Lower 48 onshore Office of Integrated Analysis and
OGINIT_L48 schedules for shallow gas regions Forecasting
EXWLTSGL48 - OGFOR_L48 Lower 48 exploratory project drilling | wells per year | 6 Lower 48 onshore Office of Integrated Analysis and
OGINIT_L48 schedules for tight gas regions Forecasting
FACILAK - OGDEV_AK Alaska facility cost (oil field) 1990%/bls Field size class U.S. Geological Survey
OGFAC_AK
OGINIT_AK
OGSUP_AK
FEDTXCAN - OGINIT_IMP Canadian corporate tax rate fraction Canada Not used.
Petroleum Fiscal Systems in Canada
- Energy, Mines & Resources
FEDTXR FDRT OGDCF_AK U.S. federal tax rate fraction Canada U.S. Tax Code
OGEXP_CALC
OGFOR_L48
OGFOR_OFF
OGINIT_BFW
FLOWCAN - Canadian flow rates bls, MCF per | Canada; Fuel (oil, gas) Not used.
OGINIT_IMP year Office of Integrated Analysis and
Forecasting
FLOWL48 - OGFOR_L48 Lower 48 onshore flow rates bls, MCF per | 6 Lower 48 onshore EIA, Office of Oil and Gas
OGINIT_L48 year regions;
Fuel (2 oil, 5 gas)
FLOWOFF - OGFOR_OFF Offshore flow rates bls, MCF per | 4 Lower 48 offshore Office of Integrated Analysis and
OGINIT_OFF year subregions; Forecasting
Fuel (oil, gas)
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Subroutine Description Unit Classification Source
Code Text
FPRDCST - OGINIT_LNG Foreign production costs 1991$/MCF LNG Source Country National Petroleum Council
OGPROF_LNG per year
FRMINCAN FRMIN OGINIT_IMP Canadian minimum economic BCF Canada Office of Integrated Analysis and
XOGOUT_IMP finding rate per well Forecasting
FRMINL48 FRMIN OGINIT_L48 Lower 48 onshore minimum MMB 6 Lower 48 onshore Office of Integrated Analysis and
OGOUT_L48 exploratory well finding rate BCF regions; Forecasting
per well Fuel (2 oil, 5 gas)
FRMINOFF FRMIN OGINIT_OFF Offshore minimum exploratory well | MMB 4 Lower 48 offshore Office of Integrated Analysis and
OGOUT_OFF finding rate BCF subregions; Forecasting
per well Fuel (oil, gas)
FRTECHCAN FRTECH XOGOUT_IMP Canada technology factor applied fraction Canada Office of Integrated Analysis and
to finding rate Forecasting
FR1L48 FR1 OGINIT_L48 Lower 48 onshore new field wildcat | MMB 6 Lower 48 onshore Office of Integrated Analysis and
OGOUT_L48 well finding rate BCF regions; Forecasting
per well Fuel (2 oil, 2 gas)
FR10OFF FR1 OGINIT_OFF Offshore new field wildcat well MMB 4 Lower 48 offshore Office of Integrated Analysis and
OGOUT_OFF finding rate BCF subregions; Forecasting
per well Fuel (oil, gas)
FR2L48 FR3 OGINIT_L48 Lower 48 onshore developmental MMB 6 Lower 48 onshore Office of Integrated Analysis and
OGOUT_L48 well finding rate BCF regions; Forecasting
per well Fuel (2 oil, 2 gas)
FR20OFF FR3 OGINIT_OFF Offshore developmental well MMB 4 Lower 48 offshore Office of Integrated Analysis and
OGOUT_OFF finding rate BCF subregions; Forecasting
per well Fuel (oil, gas)
FR3L48 FR2 OGINIT_L48 Lower 48 other exploratory well MMB 6 Lower 48 onshore Office of Integrated Analysis and
OGOUT_L48 finding rate BCF regions; Forecasting
per well Fuel (2 oil, 2 gas)
FR3OFF FR2 OGINIT_OFF Offshore other exploratory well MMB 4 Lower 48 offshore Office of Integrated Analysis and
OGOUT_OFF finding rate BCF subregions; Forecasting
per well Fuel (oil, gas)
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Code Text

FSZCOAK OGFOR_AK Alaska oil field size distributions MMB 3 Alaska regions U.S. Geological Survey
_ OGINIT_AK
OGNEW_AK
FSZNGAK - OGFOR_AK Alaska gas field size distributions BCF 3 Alaska regions U.S. Geological Survey
OGINIT_AK
OGNEW_AK
HISTADL48 - OGINIT_L48 Lower 48 historical associated- BCF NA Annual Reserves report
dissolved natural gas reserves
HISTADOFF - OGINIT_OFF Offshore historical associated- BCF NA Annual Reserves Report
dissolved natural gas reserves
HISTFRCAN - OGINIT_IMP Historical Canadian finding rate for | BCF Canada Office of Integrated Analysis and
XOGOUT_IMP gas per well Forecasting
HISTPRDCO - OGINIT_AK Alaska historical crude oil MB/D Field Alaska Oil and Gas Conservation
OGPRO_AK production Commission
HISTPRRCAN - OGINIT_IMP Canadian gas production to BCF Canada; Fuel (gas) Office of Integrated Analysis and
XOGOUT_IMP reserves ratio for historical years Forecasting
HISTPRRL48 - OGINIT_L48 Lower 48 historical P/R ratios fraction 6 Lower 48 onshore Derived from Annual Reserves
regions; Report
Fuel (2 oil, 5 gas)
HISTPRROFF - OGINIT_OFF Offshore historical P/R ratios fraction 4 Lower 48 offshore Derived from Annual Reserves
subregions; Report
Fuel (oil, gas)
HISTPRRTDM - OGINIT_L48 Lower 48 onshore historical P/R fraction 17 OGSM/NGTDM Office of Integrated Analysis and
ratios at the NGTDM level regions; Fuel (2 oil, 5 Forecasting
gas)
HISTRESAD - OGINIT_IMP Canadian gas reserves additions BCF Canada; Fuel (gas) Office of Integrated Analysis and
XOGOUT_IMP for historical years Forecasting
HISTRESCAN - OGINIT_IMP Canadian beginning of year gas BCF Canada; Fuel (gas) Canadian Petroleum Association
XOGOUT_IMP reserves for historical years
HISTWELCAN - OGINIT_IMP Canadian gas wells drilled in BCF Canada; Fuel (gas) Office of Integrated Analysis and
XOGOUT_IMP historical years Forecasting
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HISTRESL48 - OGINIT_L48 Lower 48 onshore historical MMB 6 Lower 48 onshore Annual Reserves Report
beginning-of-year reserves BCF regions;  Fuel (2 oil, 5
gas)
HISTRESOFF - OGINIT_OFF Offshore historical beginning-of- MMB 4 Lower 48 offshore Annual Reserves Report
year reserves BCF subregions;
Fuel (oil, gas)
HISTRESTDM - OGINIT_L48 Lower 48 onshore historical MMB 17 OGSM/NGTDM Annual Reserves Report
beginning-of-year reserves at the BCF regions; Fuel (2 oil, 5
NGTDM level gas)
IMPBYR - WELL Base start-year for Foreign Natural | -- - Office of Integrated Analysis and
OGEXPAND_LNG Gas Supply Submodule Forecasting
OGINIT_IMP
XOGOUT_IMP
INFL infl OGDCF_AK U.S. inflation rate fraction National Office of Integrated Analysis and
OGFOR_L48 Forecasting
OGFOR_OFF
OGINIT_BFW
INFRSVL48 OGINIT_L48 Lower 48 onshore inferred reserves | MMB 6 Lower 48 onshore Office of Integrated Analysis and
OGOUT_L48 BCF regions; Forecasting
Fuel (2 oil, 5 gas)
INFRSVOFF OGINIT_OFF Offshore inferred reserves MMB 4 Lower 48 offshore Office of Integrated Analysis and
OGOUT_OFF BCF subregions; Forecasting
Fuel (oil, gas)
INFRT - OGINIT_IMP Canadian inflation rate fraction Canada Not used.
Office of Integrated Analysis and
Forecasting
INVESTRT - OGINIT_IMP Canadian investment tax credit fraction Canada Not Used
KAPFRCAK EXKAP OGDCF_AK Alaska drill costs that are tangible fraction Alaska U.S. Tax Code
OGINIT_AK & must be depreciated
KAPFRCL48 EXKAP OGFOR_L48 Lower 48 onshore drill costs that fraction Class (exploratory, U.S. Tax Code
OGINIT_L48 are tangible & must be depreciated developmental)
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KAPFRCOFF EXKAP OGFOR_OFF Offshore drill costs that are tangible | fraction Class (exploratory, U.S. Tax Code
OGINIT_OFF & must be depreciated developmental)
KAPSPNDL48 KAP OGFOR_L48 Lower 48 onshore other capital 1987% Class (exploratory, Not used
OGINIT_L48 expenditures developmental);
6 Lower 48 onshore
regions;
Fuel (2 oil, 5 gas)
KAPSPNDOFF KAP OGFOR_OFF Offshore other capital expenditures | 1987$ Class (exploratory, Minerals Mangement Service
OGINIT_OFF developmental);
4 Lower 48 offshore
subregions
LAGDRILL48 - OGFOR_L48 1989 Lower 48 drill cost 1987% Class (exploratory, Office of Integrated Analysis and
OGINIT_L48 developmental); 6 Lower | Forecasting
48 onshore regions; Fuel
(2 oil, 5 gas)
LAGDRYL48 - OGFOR_L48 1989 Lower 48 dry hole cost 1987% Class (exploratory, Office of Integrated Analysis and
OGINIT_L48 developmental); 6 Lower | Forecasting
48 onshore regions; Fuel
(2 oil, 5 gas)
LAGLEASL48 - OGFOR_L48 1989 Lower 48 lease equipment 1987% Class (exploratory, Office of Integrated Analysis and
OGINIT_L48 cost developmental); 6 Lower | Forecasting
48 onshore regions; Fuel
(2 oil, 5 gas)
LAGOPERL48 - OGFOR_L48 1989 Lower 48 operating cost 1987% Class (exploratory, Office of Integrated Analysis and
OGINIT_L48 developmental); 6 Lower | Forecasting
48 onshore regions; Fuel
(2 oil, 5 gas)
LEASCAN - OGINIT_IMP Canadian lease equipment cost 1987% Canada; Fuel (oil, gas) Not used.
Office of Integrated Analysis and
Forecasting
LEASOFF EQUIP OGFOR_OFF Offshore lease equipment cost 1987$ per Class (exploratory, Minerals Mangement Service
OGINIT_OFF project developmental);
4 Lower 48 offshore
subregions
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Subroutine Description Unit Classification Source
Code Text
LIQCAP - OGEXPAND_LNG Liquefaction capacity BCF LNG Source Country National Petroleum Council
OGINIT_LNG
LIQCST - OGINIT_LNG Liquefaction costs 1991$/MCF LNG Source Country National Petroleun Council
OGPROF_LNG
LIQSTAGE -- OGEXPAND_LNG Liquefaction stage NA NA National Petroleum Council
OGPROF_LNG
LST_CONV - OGINIT_BFW Share of the conventional Percent Fuel (oil, gas) ARI
resources in the Rocky Mountains
that are subject to Federal lease
stipulations
MAXPRO - OGFOR_AK Alaska maximum crude oil MB/D Field Announced Plans
OGINIT_AK production
OGPRO_AK
MEXEXP - OGINIT_IMP Exports from Mexico BCF 3 US/Mexican border Office of Integrated Analysis and
OGOUT_MEX crossing Forecasting
MEXIMP - OGINIT_IMP Imports from Mexico BCF 3 US/Mexican border Office of Integrated Analysis and
OGOUT_MEX crossing Forecasting
NAC_CONV - OGINIT_BFW Share of the conventional Percent Fuel (oil, gas) ARI
resources in the Rocky Mountains
that are legally inaccessible
NFW_AK - OGINIT_AK Alaska drilling schedule for new wells NA Office of Integrated Analysis and
OGNEW_AK field wildcats Forecasting
NFWCOSTOFF COSTEXP OGFOR_OFF Offshore new field wildcat cost 1987$ Class (exploratory, Minerals Management Service
OGINIT_OFF developmental);
4 Lower 48 offshore
subregions
NFWELLOFF - OGFOR_OFF Offshore exploratory and wells per Class (exploratory, Minerals Management Service
OGINIT_OFF developmental project drilling project per developmental);
schedules year r=1
NGTDMMAP - OGINIT_L48 Mapping of NGTDM regions to NA 17 OGSM/NGTDM Office of Integrated Analysis and
OGINIT_RES OGSM regions regions Forecasting
OGOUT _L48
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Subroutine Description Unit Classification Source
Code Text

OGCNBLOSS - OGINIT_IMP Gas lost in transit to border BCF 6 US/Canadian border Not Used
crossings
OGCNCAPB - OGINIT_IMP Canadian capacities at borders - BCF 6 US/Canadian border Not used.
base case crossing Derived from Natural Gas Annual
OGCNCAPH - OGINIT_IMP Canadian capacities at borders - BCF 6 US/Canadian border Not used.
high WOP case crossing Derived from Natural Gas Annual
OGCNCAPL - OGINIT_IMP Canadian capacities at borders - BCF 6 US/Canadian border Not used.
low WOP case crossing Derived from Natural Gas Annual
OGCNCON - OGINIT_IMP Canadian gas consumption BCF Canada; Fuel (gas) Office of Integrated Analysis and
XOGOUT_IMP Forecasting
OGCNDEM - OGINIT_IMP Canadian demand calculation NA NA Not Used
parameters
OGCNDMLOSS - OGINIT_IMP Gas lost from wellhead to BCF Canada Not used.
Canadian demand Office of Integrated Analysis and
Forecasting
OGCNEXLOSS - OGINIT_IMP Gas lost from US export to BCF Canada Not used.
Canadian demand Office of Integrated Analysis and
Forecasting
OGCNFLW -- OGINIT_IMP 1989 flow volumes by border BCF 6 US/Canadian border Not used.
crossing crossings Office of Integrated Analysis and
Forecasting
OGCNPARM1 - OGINIT_IMP Actual gas allocation factor fraction Canada Not used.
Office of Integrated Analysis and
Forecasting
OGCNPARM2 - OGINIT_IMP Responsiveness of flow to different | fraction Canada Not used.
border prices Office of Integrated Analysis and
Forecasting
OGCNPPRD - OGINIT_PRICE Canadian price of oil and gas oil: 87$s/B Canada NGTDM
gas: 87$s/mcf
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Subroutine Description Unit Classification Source
Code Text
OGPNGIMP - OGPIP_AK Natural gas import price 87%s/mcf US/Canadian & NGTDM
OGPROF_LNG US/Mexican border
crossings and LNG
destination points
OPERCAN - OGINIT_IMP Canadian operating cost $ 1987 Canada; Fuel (gas) Not used.
Office of Integrated Analysis and
Forecasting
OPEROFF OPCOST OGFOR_OFF Offshore operating cost 1987$ per Class (exploratory, Mineral Management Service
OGINIT_OFF well per year | developmental);
4 Lower 48 offshore
subregions
PRJAK n OGDCF_AK Alaska oil project life Years Fuel (oil, gas) Office of Integrated Analysis and
OGINIT_AK Forecasting
PRJL48 n OGFOR_L48 Lower 48 project life Years Fuel (oil, gas) Office of Integrated Analysis and
OGINIT_L48 Forecasting
PRJOFF n OGFOR_OFF Offshore project life Years Fuel (oil, gas) Office of Integrated Analysis and
OGINIT_OFF Forecasting
PROVTXCAN PROVRT OGINIT_IMP Canadian provincial corporate tax fraction Canada Not used.
rates Petroleum Fiscal Systems in Canada
- Energy, Mines & Resources
PROYR - OGFOR_AK Start year for known fields in Year Field Announced Plans
OGINIT_AK Alaska
OGPRO_AK
QLNG - OGEXPAND_LNG LNG operating flow capacity BCF LNG destination points National Petroleum Council
OGINIT_LNG
OGLNG_OUT
QLNGMAX -- OGEXPAND_LNG LNG maximum capacity BCF LNG destination Points National Petroleum Council
OGINIT_LNG
OGLNG_OUT
RCPRDAK m OGDCF_AK Alaska recovery period of Years Alaska U.S. Tax Code
OGINIT_AK intangible & tangible drill cost
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Subroutine Description Unit Classification Source
Code Text

RCPRDCAN - OGINIT_IMP Canada recovery period of Years Canada Not used.
intangible & tangible drill cost Petroleum Fiscal Systems in Canada
- Energy, Mines & Resources

RCPRDL48 m OGFOR_L48 Lower 48 recovery period for Years Lower 48 Onshore U.S. Tax Code
OGINIT_L48 intangible & tangible drill cost

RCPRDOFF m OGFOR_OFF Offshore recovery period intangible | Years Lower 48 Offshore U.S. Tax Code
OGINIT_OFF & tangible drill cost

RECRES - OGFOR_AK Alaska crude oil resources for MMB Field OFE, Alaska Oil and Gas - Energy
OGINIT_AK known fields Wealth or Vanishing Opportunity
OGPRO_AK

REGASCST - OGINIT_LNG Regasification costs 1991$/MCF Operational Stage; LNG | National Petroleum Council
OGPROF_LNG per year destination points

REGASEXPAN - OGEXPAND_LNG Regasification capacity BCF LNG destination points National Petroleum Council
OGINIT_LNG

REGASSTAGE - OGEXPAND_LNG Regasification stage NA NA National Petroleum Council
OGINIT_LNG
OGPROF_LNG

RESBASE Q OGINIT_IMP Canadian recoverable resource BCF Canada Canadian Geological Survey
XOGOUT_IMP estimate

ROYRATE - OGINIT_IMP Canadian royalty rate fraction Canada Not used.

Petroleum Fiscal Systems in Canada
- Energy, Mines & Resources

ROYRT ROYRT OGDCF_AK Alaska royalty rate fraction Alaska U.S. Geological Survey
OGFOR_L48
OGINIT_BFW

SEVTXAK PRODTAX OGINIT_AK Alaska severance tax rates fraction Alaska U.S. Geological Survey
OGSEVR_AK

SEVTXL48 PRODTAX OGFOR_L48 Lower 48 onshore severance tax fraction 6 Lower 48 onshore Commerce Clearing House
OGINIT_L48 rates regions;

Fuel (2 oil, 5 gas)
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Code Text

SEVTXOFF PRODTAX OGFOR_OFF Offshore severance tax rates fraction 4 Lower 48 offshore Commerce Clearing House
OGINIT_OFF subregions;
Fuel (oil, gas)
SPENDIRKLAG - 1989 Lower 48 exploration & 1987% Class (exploratory, Office of Integrated Analysis and
development expenditures developmental) Forecasting
SRAK SR OGDCF_AK Alaska drilling success rates fraction Alaska Office of Oil and Gas
OGDEV_AK
OGINIT_AK
OGNEW_AK
SRCAN SR OGINIT_IMP Canada drilling success rates fraction Canada Office of Integrated Analysis and
Forecasting
SRL48 SR OGEXP_CALC Lower 48 drilling success rates fraction Class (exploratory, Office of Integrated Analysis and
OGEXP_FIX developmental); Forecasting
OGFOR_L48 6 Lower 48 onshore
OGINIT_L48 regions;
OGOUT_L48 Fuel (2 oil, 5 gas)
SROFF SR OGALL_OFF Offshore drilling success rates fraction Class (exploratory, Minerals Management Service
OGFOR_OFF developmental);
OGINIT_OFF 4 Lower 48 offshore
OGOUT_OFF subregions;
Fuel (oil, gas)
STARTLAG - OGEXPAND_LNG Number of year between stages years NA Office of Integrated Analysis and
OGINIT_LNG (regasification and liquefaction) Forecasting
STL_CONV - OGINIT_BFW Share of the conventional Percent Fuel (oil, gas) ARI
resources in the Rocky Mountains
that are subject to Standard Lease
Terms
STTXAK STRT OGDCF_AK Alaska state tax rate fraction Alaska U.S. Geological Survey
OGINIT_AK
STTXL48 STRT OGEXP_CALC State tax rates fraction 6 Lower 48 onshore Commerce Clearing House
OGFOR_L48 regions
OGINIT_L48
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STTXOFF STRT OGEXP_CALC State tax rates fraction 4 Lower 48 offshore Commerce Clearing House
OGFOR_OFF subregions
OGINIT_L48
TECHAK TECH OGCOST_AK Alaska technology factors fraction Alaska Office of Integrated Analysis and
OGINIT_AK Forecasting
TECHCAN - OGINIT_IMP Canada technology factors applied | fraction Canada Not used.
to costs Office of Integrated Analysis and
Forecasting
TECHL48 TECH OGFOR_L48 Lower 48 onshore technology fraction Lower 48 Onshore Office of Integrated Analysis and
OGINIT_L48 factors applied to costs Forecasting
TECHOFF TECH OGFOR_OFF Offshore technology factors applied | fraction Lower 48 Offshore Office of Integrated Analysis and
OGINIT_OFF to costs Forecasting
TRANCST - OGINIT_LNG LNG transporation costs 1990/MCF NA National Petroleum Council
OGPROF_LNG
TRANSAK TRANS OGDCF_AK Alaska transportation cost 1990% 3 Alaska regions; Office of Integrated Analysis and
OGINIT_AK Fuel (oil, gas) Forecasting
TRANSL48 TRANS OGFOR_L48 Lower 48 onshore expected NA 6 Lower 48 onshore Not Used
OGINIT_L48 transportation costs regions; Fuel (2 oil, 5
gas)
TRANSOFF TRANS OGFOR_OFF Offshore expected transportation NA 4 Lower 48 offshore Not Used
OGINIT_OFF costs subregions; Fuel (oil,
gas)
UNRESOFF Q OGINIT_OFF Offshore undiscovered resources MMB 4 Lower 48 offshore Office of Integrated Analysis and
OGOUT_OFF BCF subregions; Forecasting
Fuel (oil, gas)
URRCRDL48 Q OGINIT_L48 Lower 48 onshore undiscovered MMB 6 Lower 48 onshore Office of Integrated Analysis and
OGOUT_L48 recoverable crude oil resources regions Forecasting
URRTDM - OGINIT_L48 Lower 48 onshore undiscovered TCF 6 Lower 48 onshore Office of Integrated Analysis and
OGOUT _L48 recoverable natural gas resources regions Forecasting
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WDCFIRKLAG - OGEXP_CALC 1989 Lower 48 exploration & 1987% Class (exploratory, Office of Integrated Analysis and
OGINIT_BFW development weighted DCFs developmental); Forecasting
6 Lower 48 onshore
regions;
Fuel (2 oil, 5 gas)
WDCFIRLAG - OGEXP_CALC 1989 Lower 48 regional exploration | 1987$ Class (exploratory, Office of Integrated Analysis and
OGINIT_BFW & development weighted DCFs developmental); Forecasting
6 Lower 48 onshore
regions;
WDCFL48LAG - OGEXP_CALC 1989 Lower 48 onshore exploration | 1987$ Class (exploratory, Office of Integrated Analysis and
OGINIT_BFW & development weighted DCFs developmental) Forecasting
WDCFOFFIRKLAG - OGEXP_CALC 1989 offshore exploration & 1987% Class (exploratory, Office of Integrated Analysis and
OGINIT_BFW development weighted DCFs developmental); Forecasting
4 Lower 48 offshore
subregions;
Fuel (oil, gas)
WDCFOFFIRLAG - OGEXP_CALC 1989 offshore regional exploration | 1987$ Class (exploratory, Office of Integrated Analysis and
OGINIT_BFW & development weighted DCFs developmental); Forecasting
4 Lower 48 offshore
subregions;
WDCFOFFLAG -- OGEXP_CALC 1989 offshore exploration & 1987% Class (exploratory, Office of Integrated Analysis and
OGINIT_BFW development weighted DCFs developmental) Forecasting
WELLAGCAN WELLAG OGINIT_IMP 1989 wells drilled in Canada Wells per year | Fuel (gas) Canadian Petroleum Association
XOGOUT_IMP
WELLAGL48 WELLSON OGEXP_CALC 1989 Lower 48 wells drilled Wells per year | Class (exploratory, Office of Oil & Gas
OGEXP_FIX developmental);
OGINIT_L48 6 Lower 48 onshore
regions;
Fuel (2 oil, 5 gas)
WELLAGOFF WELLSOFF OGALL_OFF 1989 offshore wells drilled Wells per year | Class (exploratory, Office of Oil & Gas
OGEXP_CALC developmental);
OGINIT_OFF 4 Lower 48 offshore
subregions;
Fuel (oil, gas)
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WELLLIFE -- OGINIT_IMP Canadian project life Years Canada Not used.
Office of Integrated Analysis and
Forecasting
XDCKAPAK XDCKAP OGDCF_AK Alaska intangible drill costs that fraction Alaska U.S. Tax Code
OGINIT_AK must be depreciated
XDCKAPL48 XDCKAP OGFOR_L48 Lower 48 intangible drill costs that | fraction NA U.S. Tax Code
OGINIT_L48 must be depreciated
XDCKAPOFF XDCKAP OGFOR_OFF Offshore intangible drill costs that fraction NA U.S. Tax Code
OGINIT_OFF must be depreciated
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Equation Parameter Name Associated Variable Classification
Number Subroutine
Code Text
D-1, D-2 OGCST_L48 value from regression b0 Constant coefficient Lower 48 onshore
D-1, D-2 OGCST_L48 value from regression b1 Crude oil wellhead price coefficient Lower 48 onshore
D-1, D-2 OGCST_L48 value from regression b2 Natural gas wellhead price coefficient Lower 48 onshore
D-1, D-2 OGCST_L48 value from regression P Aurocorrelation parameter Lower 48 onshore
D-3 OGCST_148 ALPHA_RIG In(b0) Constant coefficient Lower 48 onshore
D-3 OGCST_l48 BO_RIG b1 Lower 48 onshore rigs Lower 48 onshore
D-3 OGCST_148 B1_RIG b2 Revenue per lower 48 onshore rig Lower 48 onshore
D-4 OGCST_l48 alpha_drl In(00) Constant coefficient for onshore drilling and dry costs 6 lower 48 onshore regions, 3 fuels
alpha_dry (oil, shallow gas, deep gas)
D-4 OGCST_l48 b0_drl In(61) Average depth per well depth category, 3 fuels (oil, shallow
b0_dry gas, deep gas)
D-4 OGCST_l48 b4_drl In(62) Region 1 and region 6 adjustment 3 fuels (oil, shallow gas, deep gas)
b4_dry
D-4 OGCST_l48 b1_drl 03 Estimated number of Lower 48 wells drilled 3 fuels (oil, shallow gas, deep gas)
b1_dry
D-4 OGCST_l48 b3_drl 04 Lower 48 onshore rigs 3 fuels (oil, shallow gas, deep gas)
b3_dry
D-4 OGCST_l48 b2_drl 05 Time trend - proxy for technology 3 fuels (oil, shallow gas, deep gas)
b2_dry
D-4 OGCST_l48 rho_drl P Autocorrelation parameter 3 fuels (oil, shallow gas, deep gas)
rho_dry
D-5 OGCST_L48 ALPHA_LEQ In(€0) Constant coefficient 6 Lower 48 onshore regions; Fuel
oil, shallow gas, deep gas)
D-5 OGCST_L48 BO_LEQ In(€1) Lower 48 successful wells by fuel (oil, gas) Fuel (oil, shallow gas, deep gas)
D-5 OGCST_L48 B1_LEQ In(€2) Time trend - proxy for technology Fuel (oil, shallow gas, deep gas)
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Number Subroutine
Code Text
D-5 OGCST_L48 B2_LEQ In(€3) Estimated successful wells Fuel (oil, shallow gas, deep gas)
D-5 OGCST_L48 RHO_LEQ ] Autocorrelation parameter Fuel (oil, shallow gas, deep gas)
D-6 OGCST_L48 ALPHA_OPR In(€0) Constant coefficient 6 Lower 48 onshore regions; Fuel
(oil, shallow gas, deep gas)
D-6 OGCST_L48 BO_OPR In(€1) Depth per well Fuel (oil, shallow gas, deep gas)
D-6 OGCST_L48 B1_OPR In(€2) Lower 48 successful wells by fuel (oil, gas) Fuel (oil, shallow gas, deep gas)
D-6 OGCST_L48 B2_OPR In(€3) Time trend - proxy for technology Fuel (oil, shallow gas, deep gas)
D-6 OGCST_L48 RHO_OPR P Autocorrelation parameter Fuel (oil, shallow gas, deep gas)
D-7 OGWELLS_L48 value from regression alpha Constant coefficient NA
D-7 OGWELLS_L48 value from regression betal Ratio of oil price and operating cost index NA
D-7 OGWELLS_L48 value from regression beta2 Ratio of gas price and operating cost index NA
D-8 OGWELLS_L48 value from regression m0 Constant coefficient NA
D-8 OGWELLS_L48 value from regression m1 Discounted cash flow for an exploratory oil well NA
D-8 OGWELLS_L48 value from regression m2 Industry Cashflow NA
D-8 OGWELLS_L48 value from regression P Autocorrelation parameter NA
D-9 OGWELLS_L48 value from regression m0 Constant coefficient NA
D-9 OGWELLS_L48 value from regression mO05 Constant coefficient for Region 5 NA
D-9 OGWELLS_L48 value from regression mO06 Constant coefficient for Region 6 NA
D-9 OGWELLS_L48 value from regression m1 Discounted cash flow for a development oil well NA
D-9 OGWELLS_L48 value from regression m2 Industry Cashflow NA
D-9 OGWELLS_L48 value from regression P Autocorrelation parameter NA
D-10 OGWELLS L48 value from regression m0 Regional Constant coefficient 6 Lower 48 onshore regions
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D-10 OGWELLS_L48 value from regression m1 Discounted cash flow for an exploratory shallow gas well NA
D-10 OGWELLS_L48 value from regression m2 Industry Cashflow NA
D-10 OGWELLS_L48 value from regression o] Autocorrelation parameter NA
D-11 OGWELLS_L48 value from regression m0 Constant coefficient NA
D-11 OGWELLS_L48 value from regression mO00 Regional Constant coefficient 6 Lower 48 onshore regions
D-11 OGWELLS_L48 value from regression m1 Discounted cash flow for a development shallow gas well NA
D-11 OGWELLS_L48 value from regression m2 Industry Cashflow NA
D-11 OGWELLS_L48 value from regression P Autocorrelation parameter NA
D-12 OGWELLS_L48 value from regression mO0 Constant coefficient NA
D-12 OGWELLS_L48 value from regression m1 Discounted cash flow for an exploratory deep gas well NA
D-12 OGWELLS_L48 value from regression m2 Industry Cashflow NA
D-13 OGWELLS_L48 value from regression m0 Constant coefficient NA
D-13 OGWELLS_L48 value from regression m1 Discounted cash flow for a development deep gas well NA
D-13 OGWELLS_L48 value from regression m2 Industry Cashflow NA
D-13 OGWELLS_L48 value from regression P Autocorrelation parameter NA
D-14 OGFIND_L48 AIPHA_FR1 mO0 Constant coefficient 6 Lower 48 onshore regions; Fuel
(2 oil, 2 gas)
D-14 OGFIND_L48 BETA3_FR1 m1 Remaining undiscovered resources 6 Lower 48 onshore regions; Fuel
(2 oil, 2 gas)
D-14 OGFIND_L48 BETA2_FR1 m2 New field wildcats Fuel (2 oil, 2 gas)
D-14 OGFIND_L48 BETA1_FR1 m3 Wellhead price Fuel (2 oil, 2 gas)
D-14 OGFIND_L48 RHO_FR1 o] Autocorrelation parameter Fuel (2 oil, 2 gas)
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D-15 OGFIND_L48 AIPHA_FR1 mO0 Constant coefficient 6 Lower 48 onshore regions; Fuel
(2 oil, 2 gas)
D-15 OGFIND_L48 BETA3_FR1 m1 Remaining undiscovered resources 6 Lower 48 onshore regions; Fuel
(2 oil, 2 gas)
D-15 OGFIND_L48 BETA2_FR1 m2 New field wildcats Fuel (2 oil, 2 gas)
D-15 OGFIND_L48 RHO_FR1 P Autocorrelation parameter Fuel (2 oil, 2 gas)
D-16 OGFIND_L48 AIPHA_FR2 mO0 Constant coefficient 6 Lower 48 onshore regions; Fuel
(2 oil, 2 gas)
D-16 OGFIND_L48 BETA3_FR2 m1 Remaining inferred reserves 6 Lower 48 onshore regions; Fuel
(2 oil, 2 gas)
D-16 OGFIND_L48 BETA1_FR2 m2 Other exploratory and development wells Fuel (2 oil, 2 gas)
D-16 OGFIND_L48 BETA4_FR2 m3 Year - proxy for technology Fuel (2 oil, 2 gas)
D-16 OGFIND_L48 RHO_FR2 o] Autocorrelation parameter Fuel (2 oil, 2 gas)
D-17 OGFIND_L48 AIPHA_FR2 mO0 Constant coefficient 6 Lower 48 onshore regions; Fuel
(2 oil, 2 gas)
D-17 OGFIND_L48 BETA3_FR2 m1 Remaining inferred reserves 6 Lower 48 onshore regions; Fuel
(2 oil, 2 gas)
D-17 OGFIND_L48 BETA1_FR2 m2 Other exploratory and development wells Fuel (2 oil, 2 gas)
D-17 OGFIND_L48 BETA2_FR2 m3 Wellhead price Fuel (2 oil, 2 gas)
D-17 OGFIND_L48 RHO_FR2 P Autocorrelation parameter Fuel (2 oil, 2 gas)
D-18 OGFIND_L48 AIPHA_FRS3 BO Regional Constant coefficient 6 Lower 48 onshore regions; Fuel
(2 oil, 2 gas)
D-18 OGFIND_L48 BETA3_FR3 B1 Remaining inferred reserves 6 Lower 48 onshore regions; Fuel
(2 oil, 2 gas)
D-18 OGFIND_L48 BETA1_FR3 B2 Wellhead price Fuel (2 oil, 2 gas)
D-18 OGFIND_L48 BETA4 FR3 B3 Wellhead price squared Fuel (2 oil, 2 gas)
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D-18 OGFIND_L48 RHO_FR3 B4 Ratio of wellhead price in year t and t-1 Fuel (2 oil, 2 gas)
D-18 OGFIND_L48 BETA2_FR3 B5 Cumulative developmental wells Fuel (2 oil, 2 gas)
D-19 OGCOMP_AD REGCNT o Regional constant coefficient Lower 48 regions (6 onshore)
D-19 OGCOMP_AD B1 Crude oil production NA
D-19 OGCOMP_AD RHO2 o] Autocorrelation parameter NA
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OGSM . _— . R
- Variable Name Description Unit Classification Passed To Module
Subroutine
OGFOR_AK OGANGTSMX Maximum natural gas flow through ANGTS BCF NA NGTDM
OGPIP_AK
OGINIT_IMP OGCNBLOSS Gas lost in transit to border BCF 6 US/Canadian border crossings NGTDM (Not used)
OGINIT_IMP OGCNCAP Canadian capacities by border crossing BCF 6 US/Canadian border crossings NGTDM (Not used)
OGINIT_IMP OGCNCON Canada gas consumption Oil: MMB Fuel(oil,gas) -
XOGOUT_IMP Gas: BCF
OGINIT_IMP OGCNDMLOSS Gas lost from wellhead to Canadian demand BCF NA NGTDM (Not used)
OGINIT_IMP OGCNEXLOSS Gas lost from US export to Canadian demand BCF NA NGTDM (Not used)
OGINIT_IMP OGCNFLW 1989 flow volumes by border crossing BCF 6 US/Canadian border crossings NGTDM (Not used)
OGINIT_IMP OGCNPARM!1 Actual gas allocation factor fraction NA NGTDM (Not used)
OGINIT_IMP OGCNPARM2 Responsiveness of flow to different border fraction NA NGTDM (Not used)
prices
OGINIT_IMP OGCNPMARKUP Transportation mark-up at border 1987% 6 US/Canadian border crossings NGTDM (Not used)
OGINIT_RES OGELSCAN Canadian price elasticity fraction Fuel (oil, gas) --
XOGOUT_IMP
OGINIT_RES OGELSCO Qil production elasticity fraction 6 Lower 48 onshore & 3 Lower PMM
OGOUT_L48 48 offshore regions
OGOUT_OFF
OGINIT_RES OGELSNGOF Offshore nonassociated dry gas production fraction 3 Lower 48 offshore regions NGTDM
OGOUT_OFF elasticity
OGINIT_RES OGELSNGON Onshore nonassociated dry gas production fraction 17 OGSM/NGTDM regions NGTDM
OGOUT_L48 elasticity
OGOUT_EOR OGEORCOGC Electric cogeneration capacity from EOR MWH 6 Lower 48 onshore regions Industrial (not used)
OGOUT_EOR OGEORCOGG Electric cogeneration volumes from EOR MWH 6 Lower 48 onshore regions Industrial (not used)
OGCOMP_AD OGPRDAD Associated-dissolved gas production BCF 6 Lower 48 onshore regions & 3 NGTDM
Lower 48 offshore regions
OGINIT_RES OGPRRCAN Canadian P/R ratio fraction Fuels (oil, gas) NGTDM
XOGOUT_IMP,
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. Variable Name Description Unit Classification Passed To Module
Subroutine
OGINIT_RES OGPRRCO Oil P/R ratio fraction 6 Lower 48 onshore & 3 Lower PMM
OGOUT_L48 48 offshore regions
OGINIT_RES OGPRRNGOF Offshore nonassociated dry gas P/R ratio fraction 3 Lower 48 offshore regions NGTDM
OGOUT_OFF
OGINIT_RES OGPRRNGON Onshore nonassociated dry gas P/R ratio fraction 17 OGSM/NGTDM regions NGTDM
OGOUT_L48
OGFOR_AK OGQANGTS Gas flow at U.S. border from ANGTS BCF NA NGTDM
OGPIP_AK
OGPRO_AK
OGINIT_IMP OGQNGEXP Natural gas exports BCF 6 US/Canada & 3 NGTDM
XOGOUT_IMP US/Mexico border crossings
OGOUT_MEX
OGLNG_OUT OGQNGIMP Natural gas imports BCF 3 US/Mexico border crossings; 4 NGTDM
XOGOUT_IMP LNG terminals
OGOUT_MEX
OGINIT_RES OGRESCAN Canadian end-of-year reserves oil: MMB Fuel (oil, gas) NGTDM
XOGOUT_IMP gas: BCF
OGINIT_RES OGRESCO Oil reserves MMB 6 Lower 48 onshore & 3 Lower PMM
OGOUT_L48 48 offshore regions
OGOUT_OFF
OGINIT_RES OGRESNGOF Offshore nonassociated dry gas reserves BCF 3 Lower 48 offshore regions NGTDM
OGOUT_OFF
OGINIT_RES OGRESNGON Onshore nonassociated dry gas reserves BCF 17 OGSM/NGTDM regions NGTDM
OGOUT_L48
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OFFSHORE OIL AND GAS SUPPLY SUBMODULE
Parameter Description Value

nREG Region ID (1: CENTRAL & WESTERN GOM; 2: EASTERN GOM; 3: ATLANTIC; 4: PACIFIC) 4
nPA Planning Area ID (1: WESTERN GOM; 2: CENTRAL GOM; 3: EASTERN GOM; 4: NORTH ATLANTIC; 5: MID ATLANTIC; 6: SOUTH 13

ATLANTIC; 7: FLORIDA STRAITS; 8: PACIFIC; NORTHWEST; 9: CENTRAL CALIFORNIA; 10: SANTA BARBARA - VENTURA BASIN; 11:

LOS ANGELES BASIN; 12: INNER BORDERLAND; 13: OUTER BORDERLAND)
ntEU Total number of evaluation units (43) 43
nMaxEU Maximum number of EU in a PA (6) 6
TOTFLD Total numver of evaluation units 3600
nANN Total number of announce discoveries 127
nPRD Tot