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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 detalilamthe model worksThis report isintended as a reference
document for modednalysts, users, and the public. It is prepared in accordance withetgy Information
Administration's (ElIA)legal obligation to provide adequate documentatiosujpport of its statistical and
forecast reports (Public Law 93-275, Section 57(b)(2).

Projected production estimates of U.S. crude oil and najagalare based on supply functions generated
endogenously within National Eneriyliodeling System (NEMS) by the OGSM. OGSM encompasses domestic
crude oil and natural gas supply by both conventional and nontiomee recovery techniques. Nonconventional
recovery includes enhanced oil recovéBOR), and unconventional gascovery(UGR) from tight gas
formations, Devonian shale and coalbeds. Crude oil and ngasradrojections are further disaggregated by
geographic regiorOGSM projects U.Sdomestic oil andjas supply for sikower 48 onshore regions, three
offshore regions, and Alaska. The general methodology relies on forecasted drilling expenditures and average
drilling costs todetermine exploratory and developmental drilling levels for each region and fudihgpe.

projected drillingévels translate into reserve additions, as well as a modification of the production capacity for
each region.

OGSM also represents foreign trade in natural gas, 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 ttilizes bothyagenous input data and data from other modules within NEMS. The primary exogenous
inputs are resource levels, finding rate parameters, costs, production profites, eatds all of which are

critical determinants of the expected returns from projected drilling activities. Regional projections of natural gas
wellhead prees and production are provided by the Na®@ed Transmissioand Distribution Module
(NGTDM). From the Petroleum Markbktodel (PMM) comeprojections of the crude oil wellhead prices and
production athe OGSM regional levellmportanteconomicfactors,namelyinterest rates and GNP(GDP)
deflators flow toOGSM 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 fromOGSM go toother oil andyas moduleNGTDM and PMM) and to othenodules of NEMS.

NGTDM and PMM employ short-term supply functions, the parameters for which are provided by OGSM for

oil and gas production and natural gas itpd he short-term supply functions reflect potential oil or gas flows

to the market for ane year period. These functions are used®yYDM and PMM for the determination of
equilibriumprices 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 seled@8lSM variables for various uses. Oil and gas production and
resultant emissions are forwarded to the Systems Module. Forecasts of oil and gas production, as well as capital
expenditures at the wellhead, go to the Macroeconomic Module to assist in forecasting aggregate measures of
capital and output.
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OGSM is archived as part of the National Energy Modeling System (NEMS). The archival package of NEMS
is located under the model acronym NEMS96. The version is that used to prodirneuleEnergy Outlook

1996 AEO96) The package is available throughtaional Technical Information Service. The model contact

for OGSM is:

Ted McCallister

Room 2H-026

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.
e Model purpose
e Model overview and rationale

Model structure

Inventory of input data, parameter estimates, and model output

Detailed mathematical description.
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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, natural gas production, and natural gas imports and exports
in response to price dataceived endogenously (within NEMS) from thatural Gas Transmission and
Distribution Model (NGTDM) and the Petroleum Market Model (PMM). To accomplish this task, OGSM does
not provide production forecasts per se, but rather parameter estimates for shdotiestic oil and gas
production functions and natural gas import functions that reside in PMM and NGTDM.

PMM and NGI'DM utilize theOGSM supply functionsluring a solution process that determiregsional
wellhead maket-clearing prices and quantities. After equilibratioadlieved in each forecast year, OGSM
calculates revised parameter estimates for the supply functions for thgeaexif the forecadtased on
equilibrium prces and quantities received from PMM and NGTDM. OGSM then sends the revised parameters
to NGTDM and PMM, which update 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 and PMM. As the supply component only, OGSM cannot project prices, which are the outcome of the
equilibration of dmand and supply. The basic interaction between OGSM and the other oil and gas modules is
represented in Figure 1. Controlling information and expectationmg from the System Module. Major
exogenoumputs 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.

OGSM operates on a regionally disaggregégeel, further differentiated by fuel type. Thasic 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,aogie formation. Crude oil supply comprises production

from conventional and enhanced oil recovery technid&siral gas is differentiated by nonassociated and
associated-dissolved gas. Nonassociated natural gas is categorized by conventional and unconventional types.
Conventionahatural gas recovery is differentiated by depth between formations up to 15,000 feet and those at
greater than 15,000 feet (in the context of OGSM, these depth categories are referred to as shallow or deep). The
unconventional gas category in OGSM csissdf resources in tight sands, Devonian shale, and coal bed methane
formations.

OGSM provides mid-term (15 to 20 year) forecasts, as well as serving as an analytical tool for the assessment
of various policy alternatives. One publicatibiat utilizes OGSM forecasts tise Annual Energy Outlook
(AEO). Analytical issue®©®GSM can address involve policitsat affect the profitability of drilling through
impacts on certain variables including:
e drilling costs,

e production costs,

e regulatory or legislatively mandated environmental costs,

!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 1. OGSM Interface with Other Oil and Gas Modules
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® key taxation provisions such as severance taxes, State or Federal income taxes, depreciation schedules
and tax credits, and

e the rate of penetration for different technologies into the industry by fuel type.
The cash flow approach to the determination of national expenditure levels €@Blsto 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 economically recoverable oil and gas resources for each of the sowtoeeesfic production (i.e., geographic
region/fuel type combinations). This feature allows the model to be used for the analysis of issues involving:

e the uncertainty surrounding the economically recoverable oil and gas resource estimates, and

® access restrictions anuch of theoffshore Lower 4&tates, thevilderness 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 fostdsetter 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.
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Figure 2. Oil and Gas Supply Regions
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3. Model Rationale and Overview

Introduction

This chapter provides a brief overview of the rationale and theoretical underpinnings of the methodology chosen
for the Oil and GaSupply Module(OGSM). First a classification of previood andgas supplynodeling
methodologies is discuesd, with descriptions of relevant supply models and comments on their advantages and
disadvantages. This leads to a discussion of the rationale behimdthimelology adopted f@GSMand its

various submodules)éluding the onshore and offshore Lower 48 states (excluding enhanced oil recovery), the
foreign natural gas supply submodule, and the Alaska submodule.

Overview of Oil and Gas Supply Modeling Methods

Oil and gas supply models hanadied on a variety of techniques to forecast future supplies. These techniques
can be categorized generally as geologic/engineering, econometric, "hybridappraach thatombines
geologic and econometric techniques, and market equilibrium. The geologic/engineering models are further
disaggregated into play analysis models and discovery process models.

Geologic/Engineering Models
Play Analysis

According to theU.S. Geological SurveyUSGS), a play is a group gfeologically related, known or
undiscovered accumulatioisrospects) having similar hydrocarbon sources, resertaips,and geologic

histories. A prospect is a geologic feature having the potential for the trapping and accumulation of hydrocarbons.
Prospects are the targets of exploratory drilliPlgy analysis relies on detailed geoladfita and subjective
probability assessments of the presence of oilandgismic information, expert assessments, and information

from analog areas are combined in a Monte Carlo simulation framework to generate a probability distribution

of the total volume of oil or gas present in the play. These models are primarily used as a source assessment tool,
but they have been used with an economic component to generate oil and gas reserve additions and production
forecasts.

An example of a play analysisodel is EIA'SOuter Continental Shelf Oil ar@asSupply Mode(OCSMY,

which was developed during the late 1970s and early 1980s. The OCSM used a field-size-distribution approach
to evaluate Federal offshore supply (including production frenGulf of Mexico, Pacific, and Atlantic offshore
regions). The OCSMrew on aseries of Monte Carlo models based onvibek of Kaufman and Barouch.

These models startadith lognormal field-sizedistributions and examined the orderwhich fields are
discovered. The OCSM also drew on an alternative approach taken by Drelv et al., which was an extension of

'Outer Continental Shelf (OCS) @ihd Gas Suppliylodel, Volume 1, Model Summaayd Methodologescription Energy
Information Administration, Washington, D.C., December 1982, DOE/EIA-0372/1. and Farmer, Richard D., Harris, Carl M., Murphy,
Frederic H., and Damuth, Robert J., "The Outer continental Shelf Oil and gas Supply model of the Energy Information Administration,"
North-Holland European Journal Of Operation Researth (1984), pages 184-197.

2Kaufman, G.M., and Barouch, E., "The Interface Between Geostatistical Modeling of Oil and Gas Discovery and Economics,"
Mathematical Geologyl0(5), 1978.

*Drew, L.J., Schuenemeyer, J.H., and Bawiec, B&fimation of the Future Rate of Oil and Gas Discovery in the Gulf of Mexico
U.S. Geologic Survey Professional Paper, No. 252, Reston, VA, 1982.
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the Arps and Roberts approach to resource assessment, falling between simple extrapolation and Monte Carlo
simulation. This alternative approach explicitly represented an exponetdiglitying exploratiorefficiency

factor (in contrast to that daufman and Barouch, iwhich declining efficiency was related solely to the
assumed decline in field size). Under this approach, finding rates for the number of fields in a collection of size
categories were estimated (as opposed to determining an aggregate finding rate)--an approach involving massive
data requirements.

Key differences between the OCSM and other field-size-distribution models included the fact that OCSM was
based on (ajeologicaldata on undiscovered structures obtained from the U.S. Department of the Interior (as
opposed to data simulated from aggregate regional informdtidprghighly detailed characterization of the
supply process, © a relatively sophisticated treatment of uncertainty, and (d) explicit consideration of investment
decisions at the bidding, development, and production stages, in addition to the exploration stage.

Although the OCSMhad manysuperior qualities, it wasighly resource intensive. [rarticular, the OCSM
required (a) maintenance of a large databasename than 2000 prospects ithirty offshore plays, (b)
considerable mainframe CPU time to execute completely, reflecting the highly complex algorithmic and
programming routines, and © maintenance of a wide range of staffing skills to support both the model and the
underlyingdata.Since all these problems violdiasickey attributes required of asil andgas supplynodel
operating in the NEMS environment, adopting a similar play analysis approach for the OGSM was rejected.

Discovery Process

Kaufman, Balcer and Kruyt described discovery process modeling as "building a model of the physics of oil and
gas field discovery from primitive postulates about discovery that are individually testable outside the discovery
model itself." Unlike play analysis models, discovery process models can only be used in well developed areas
where information on exploration activity and oil and gas discovery sizes is readily available. Discovery process
models reflect the dynamics of the discovery process and do not require detailed geologic information. They rely
instead on historical exploratory drilling and discoveries data.

Although the details of discovery process models vary, they all rely on the assumption that the larger the oil or
gas field, the more likely it will be discaesl. This assumption leads to discovery rates (the amount of oil or gas
found perunit of exploratory effort) thaiypically decline as more of an area is explored. Discquergess

models usually specify a finding rate equation using a functional formtisatlliscoverieslecline with
cumulative drilling.

Discovery process models have generally been applied to specific geologic basins, such as the Denver-Julesburg
basin (Arps and Roberts 1959). They have also been used in studies of the Pernfian Basin and the North Sea.
Discovery process models do not usually incorporate economic variables such as costs, profits, and risk. Returns
to exploratory effort are represented in terms of wells drilled or reserves discovered.

Since there are generally no economic camapts, discovery process models cannot project time paths of future
drilling and reserve additions withowting ad hoc constraints (for example constraints on rigs or expenditures).
The constraints chosen become to some extent deciding factors in the model outcome. Typically factors such as
cash flow or the availability of rigs are constrained to enable the model to forecast satisfactorily.

4Arps, J.J.and Roberts, T.G., "Economics of Drilling for Cretaceous Oil on East Flank of Denver-JulesburgMasiigan
Association of Petroleum Geologists Bulletin 4958.

Future Supply of Oibind Gasrom the Permian Basin of West Texasl SoutheasterNew MexicoU.S. Geological Survey,
Washington DC, 1980
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The OGSM is intended to support the market analysis requirements of NEMS, thus it includes both an economic
and a geologic component. A model of industry activity was developed for the OGSM that predicts expenditure
and drillinglevels each period of the forecast horizon. The estimated levels of drilling are used to determine oil
and gas reserve additions in each period through a finding rate fufbttomodular nature of OGSM does allow

for future consideration of an alternate geologic approach such as a pure discovery process model. Whereas many
discovery process models specify one finding rate function, OGSM uses three to capture the varying influences
of new field wildcat, other exploratory, and development drilling on the discovery process.

Econometric Models

Many econometric models do not include a description of geologic trends or characteristics -- for example,
average discovery sizes do not vary systematically with cumulative exploratory drilling as in discovery process
models. Additionallythese models, for the most part, have not been based on a dynamic optimization model of
firm behavior and do not incorporate expectations of future economic variables -- a limitation that also applies,
for the most part, to the geologic/engineering models.

Recenteconometric models have made some inroads in overcoming these problems. Rational expectations
econometric models have been developed by Hendricks and Novales and bwhi¢hlsarebased on
intertemporal optimization principles that incorporate uncertainty and inherently attempt to capture the dynamics
of the exploration proce$s. Geologic trends also are accounted for, though not in as much detail as they are in
play analysis and discovery process models.

These improvements are not without cost. The theoretical specifications of rational expectations econometric
models must be highly simplified in order to obtain analytic solutions to the optimization problems. This feature

of these models means that it is impossible to describe the oil supply process with the level of detail that the more
ad hocapproaches allow. In addition, a long time series of histadtii@ is necessary in order to obtain
consistent parameter estimates of these models. Such a time series does not exist in many cases, especially for
frontier areas such as the offshore or at the regional levels required for NEMS. Finally, because of the degree of
mathematical complexity in the models, forecasting and policy analysis often turn out to be intractable.

Econometric methods have been employed prinfarilgtudies of a single region, either a relatively limited area
such as a single state or more broad-based such as the entire Lower 48 states. An example of the former is the
work by Griffin and Moroney1985),which was used tstudy the effects of a stateverancéax in Texas.

Recent work on large scaggregate data appear in studies by Epple (1985) and Walls (1989). These studies
link models of individual dynamic optimizing behavior under uncertainty to the use of econometric techniques.
In general, the firm is assumed to maximize a quadratic objective function subject to linear constraints on the
processes governing the stochastic variatblas are outside the firm's control. In the Watisdel, an oil
exploration frm chooses the number of exploratory wells to drill in each period to maximize the expected
discounted present value from exploration, providing a clear link between a theory of the exploration firm's
dynamic behavior under uncertainty and the econometric equations of the model. However, in addition to other
considerations, the model is so mathematically compli¢hged'...it is impossible to describe thié supply

process with the same level of detail asatidnocmodels. In other words, it is difficult, if not impossible, to

model all of the stages of supply in a realistic Wway." Such a model would not be appropriate for the intended role
of NEMS, although it can be quite useful in other applications.

®Hendricks, Kenneth and Alfonso Novales, 1987, Estimation of dynamic investment function in oil exploration, Draft manuscript.
Walls, Margaret A., 1989, Fecastingil market behavior: Rational expectations analysis of price shocks, Paper EM87-03 (Resources
for the Future, Washington, D.C.)

"Walls, Margaret AModeling and forecasting the supply of oil and gas: A survey of existing appro&esesirces and Energy
14 (1992), North Holland, p 301.
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Hybrid Models

Hybrid models are an improvement in some ways over both the pure process models and the econometric models.
They typically combine a relatively detailed description of the geologic relationship between discoveries and
drilling with an econometric component that estimatesetfigonse of drilling to economic variables. In this way,

a time path of drilling may bebtained without sacrificing an accurate description of geologic trends. Such a
hybrid approach has been directly implemented (or incorporated indirectly, using the results of hybrid models)
under a variety of methodologideameworks. Sucirameworks include the system dynamics methodology used

in the FOSSIL2 model, which underlies the retdational Energy Strateggnd numerous related studies.

The Gas Research Institute's (GRI) Hydrocarbon Supply Model (HSM) is one example of a hybrid model. The
HSM employs an enhanced discovery process component to estimate discoveries from the underlying resource
base and aaconomic component to providests for exploration, development and production of oil and gas
accumulations. Overall industry activity is subject to an econometrically determined financial constraint.

The AmericanGas Association's Tot&lnergy Resource Analysis mod@ERA) employs an econometric
approach to determine changes in aggregate Lower 48 onshore drilling based on a profitability index. Offshore
Lower 48 supply is evaluated offline for inclusion in the outlbdlaky supplies flow from discoveries that depend

on a finding rate. This finding rate does ralyy on anexplicit resource estimatbut does reflect resource
depletion given cumulative increases in reserves. Technology influences the finditgitrateprimarily
manifests itself in lower costs by reducing the number of dry holes experienced in the supply process.

Data Resources Inc's oil and gas supply model also employs a hybrid approach. Lower 48 exploratory drilling
depends on projected net revenues. Developmental drilling is a fundtigged exploratory wells. New supplies

occur from discoveriethatdepend on a finding rate. The finding rate itself is based on an analysigmuf

trends in observed data. The extrapolative technique used does not incorporate an explicit estimate for
economically recoverable resources. Technology is not explicit within the model, but it is treatad bo@n

basis.

Market Equilibrium Models

Market-equilibrium models connect supply and demand regions via a transportation network and solve for the
most efficient regional allocation of quantities and corresponding prices. Market-equilibrium models tend to be
single energy market modetsat concentrate on tleeonomic forceghat efficiently balance markets across
regions without explicitapresentation of other fuel market conditions. Consideration of the processes that alter
supply and demand are not necessanibdeled indetail; stylized regional supply and demand curves are
postulated.

An example of a market-equilibrium model is Decision Fdnaerporated's North American Regional Gas

Model (NARG). Regional supplies of indigenous production are based on a representation of the gas resource
base as a continuous, ordered stream of reserve increments that will be discovered and developed over a range
of prices. As prices rise, thus covering increasing costs, additional portions of the resource base systematically
become available to the market. Regional supply curves also reflect an assessment of the expected cost
characteristics of the technically recoverable resource base.

Supply regions are linked to demand regions throughout the United States and Canada by a network of existing
and prospective pipelines, with specified capacity constraints and tariffs. Within the framework of this model,
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17 supply regions are specified: 12 in the United States and 5 in Ganada. Each region has its own gas supply
curve based on estimates of the resource base and associated dissts/efy and development from the
PotentialGasCommittee (United States), the Canadian Energy Research Institute, and the Canadian National
Energy Board.

The partial equilibrium nature of thesmdels is contrary to the requirements of an oilgaslsupplynodel

operating within the integrated environment of NEMS. Moreover, the solution from a market equilibrium model
consists of a volume of gasodticed, rather than a supply schedule as required by the Natural Gas Transmission
and Demand Model. Finally, the forecasting capabilities of this approach are open to question given that many
of the key parameters are not subjected to the discipline of validation against historical data.

OGSM Rationale

None of the models described are able to address all the issues that weqidrbd of the OGSM. For example,
some models might have reasonable representations of the onshore supply lmrbcesgletely lack an
offshore or unconventional fuel component. Some models only proviglesastation of the gas supply industry
while almost completely ignoring oil supplies. Some models provided only limited ability to be simulated under
different fiscal and policy environments. OGSM had to be developed keeping in mind the overall goal of NEMS -
the ability to addressmany of the likely physical and polissariables that might affect future U.S. oil and gas
supplies.

An important consideration regarding many of the models discussed above is that they typically tend to be highly
resource intensive, both (a) in terms of pengl requirement®r development and maintenance and (b) in terms

of execution time and other computational resource requirements. It was for these reasons that the OCSM model,
the ElIA's offshore play-analysis model, was ultimately retired.

Another difficulty with many of these models is that the relationships in the models are typically not subjected

to the discipline of validation against historical data--in fact, there are usually too many parameters in the models
to estimate econometrically. As a result, the models cannot pimiegbaths of future oil and gas supply without

the use of ad hoc constraints that turn out to be important determinants of the forecasts generated by the models.

Accordingly the OGSM uses some features of the discovery-process approach, but does not employ any of the
traditional discovery process models discussed earlier because they are too data intensive. The chosen OGSM
design helps to satisfy some of the specification requirements set forth for the’NEMS, which emphasize, among
other attributesmnodeltransparency anchodel efficiency. Th®©GSM, as aegionally aggregated discovery-
process model, does not determine activity levels obahkis of an explicieconomic evaluation of discrete
production units, such as individual producing fields (oil andrgas Alaska is the exception). The requirements

for performing a disaggregated field analysis were prohibitive in the context of the time and resources needed to
develop and maintain such an approach, without necessarily affectimpdibéngresults appreciably. The

OGSM, however, simulates endogenoushassp discretionary levels formoratory and developmental drilling

in contrast to the fixed relationship between exploratory and developmental drilling that characterizes many other
models.

The Alaska Oil an@GasSupply SubmodulAOGSS) and the liquefied natural gas (LNG) component of the
Foreign Natural Gas Supply Submodule (FNGSS) are the exceptions tovbigatagraph. Both methodologies

8Mexico has been introduced into the model as a net import flow in recent work for the National Petroleum Council's Natural Gas
Study.

°See, for exampl&equirements for a National Energy Modeling Syseatembei 991, andRecommended Design for the
National Energy Modeling Syste@ctober 1991.
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take more of an engineering approach. In the case of Alaska this is because of the relative low number of fields
(compared to the Lower 48 states) expected to be economically viable in Alaska. The representation of LNG in
OGSM is unique because field production is not part of domestic operations. The stages of the LNG process to
be modeled primarily concern the receipt of LNG at importation facilitieftgsdbsequertonversion into

gaseous natural gas.

The remainder of this section provides a brief discussion of the rationales and methodologi@&&N e
submodules.

Lower 48 Oil and Gas Supply

A hybrid econometric/discovery process approach was used to model Lower 48 states conventional oil and gas
supply and UGR supply in th®@GSM The geology is represented in the model's discovery-process
components, while the economicsedploration, development, and production are captured byddel's
econometric equations component. The methodology was designed foadiwgurposes: (1) to generate
forecasts of future drilling activity, arall andgas supplies under alternative scenarios @do provide a
framework for analyzing the potential impacts of policy changes on future drilling activities and oil and gas
supplies. The OGSM was designed to meet these two requirements in a transparent and efficient manner, while
simulating the supply behavior of the oil ayak industry and incorporating essential behavioral and physical
relationships without resorting to extraordinarily complex functional forms and/or algorithms.

The Lower 48 statesomponent is comprised dfl8 equations, with311 parameters. Exploration and
development expenditures are determined using a partial recursive model, with oil and gas prices the principal
driving variables ashey affect expectegrofitability for drilling investments. Regional oil agds prices are
determined exogenously from the OGSM and are received from the Petroleum Market Module and the Natural
Gas Transmission and Distribution Module respectively.

Drilling levels are determined by the industry's ovdealel of investment iexploration and development.

Relying on basic research on the determinants of business investment, it is assumed that the industry's level of
domestic exploration and developmental drilling expenditures is determined by several major factors, including:
the expected profitability of domestic exploration aneligmental drilling and the economic and geologic risk
associated with exploration and developmental drilling. This model thus assumes that the firms in the industry
are profit maximizers and that resources tend to flow into activities with relatively higher expected profitability,
ceteris paribusThe number of wells drilled in each region is derived by dividing regional expenditures by
average drilling costs.

The expenditure equations are econometrically based. Specifically, the levels of exploration and developmental
expenditures are forecast on the basis of econometrically estimated equations that relate historical exploration
and developmental drilling expenditures to the explanatonpblesigiven above. The econometric approach was
chosen over a linear programming approach or a hybrid linear programming/econometric approach of the type
used in PROLOG, the OGSM's predecessor, for two major reasons. First, incurring the additional computational
burden associated with solving a linear programming problem with mudtpigtraintsseemed inefficient

relative to forecasting directly from the estimated historical relationgtisisespecially critical given that

NEMS requirements include the goals of quick execution and the efficient utilization of computer resources.
Second, the linear programming approach requires the explicit specification of the objective function while an
econometrically based approach does not. If the true objecti®fuis unknown or cannot be specified without
adding undue complexity and computational burden to the rtivelelan econometric approach is more sensible.

19 A slightly different approach was employed to repreB&@R supplyactivities and this method is described in the following
section.
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For empirical purposes, implementation of the ecatiwmapproach does not require specification of an explicit
objective function, bubnly the identification oéxplanatory variables whose movements can be related, on
average, to changes in investment that are driven by a particular behavioral objective, e.g, profit maximization.

The econometric method of determining drilling activity levels om#sés of exploratioand developmental
drilling expenditures, which in turn are based on expectddability, is certainly in line with the methodologies

of several other respected oil agals supply models. For example, overall industry drilling activity in the
Hydrocarbon Supply Model (HSM) of tHeas Research Institute (GRI) is subject to an econometrically
determined financiatonstraint. The TotaEnergy Resource Analys{§ERA) model of the American Gas
Association (AGA) employs aeconometricapproach to determine changes in aggrelgater 48 onshore
drilling based on a profibility index. The DRI/McGraw-Hill (DRI) model forecasts exploratory drilling on the
basis of projected net revenues. Though the specific detailsadiffes the models, their unifyitrgit is an
explicit recognition of the important linkages among profitability, exploration and developmental drilling
expenditures (financial resources), and drilling activity levels.

Spending levels for each specific drilling activity are converted to the total number of wells drilled by dividing
the expenditurdéevels by estimates of drillingosts pemwell, which vary by region and fuel typ@ased on
historical proportions, exploratowyells areseparated intmew field wildcats and other exploratoryells.
Differentiation between types of exploratory drilling is a feature that is not found in most other hybrid models.
It enables the discovery process component to more realistically model the reserves additions process.

Proved reserves comprise the only sodioceproduction, and the discovery process is the meanibi
nonproducing resources (i.e., undiscovered economically recoverstngeces or inferred reserves) are converted

into proved reserves. The discovery process component in OGSM consists of a set of finding rate equations that
relate the volume of reserve additions to drilling levels. Three discpuergsses are specifiedew field
discoveries from new field wildcats, field extension volumes from other exploratory drilling, and reserve revisions
due to developmental drillindgNew field wildcat discovery volumes are separated into proved and inferred
reserves based on the historical relationship between a field's ultto@tery andts initial discovery size.

Inferred reserves are converted into proved reserig®irperiods through other exploratory and developmental
drilling. This differentiation in finding rates providesnare accurate representation of the reserves discovery
process in the oil and gas industry. Exogenous estimates of the undiscovered economically recoverable resource
base are incorporated in the new field wildcat finding rates. This allows user assumptions concerning the resource
base to be specified for purposes of policy analysis, such as offshore drilling moratoria. The distinction between
proved and inferred reserves is also found in GRI's HSM, though the separate impacts of new field wildcats and
other exploratory wells on the reserves discovery process is not modeled there.

Enhanced Oil Recovery Supply

The Enhanced Oil Recovery Supply SubmodH®RSS) uses modified form of the previously described
methodobgy, which is usefbr conventional oil supply and all natugasrecovery types. A more thorough
description of the EORSS methodology is presented in Chapter 4 of this report. All submodules in the OGSM
share the similar basic attributes, but the representatiguliffer in the particulars. This section presents a
discussion of the general differences between the methodologies.

The basic supply process for both EOR and the other sources of crude oil and natural gas consists of essentially
the same stages. The physical stages of the supply proeglss the conversion of unproven resources into

proved reserves, and then the proved reserves are extracted as flows of production. A key element of economics
on the supply side is that investment funds directed more heavily texploration anddevelopment
opportunities that have greater expected profitability.
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The significant differences between the methodolotlyeoEORSS and the other submodules of OGSM concern

the conversion of unproven resoes to proved reserves and the determination of supply activities. The transfer
of resource stocks from unproven to proved status in OGSM is handled by use of finding rate functions that relate
reserve additions to cumulative drilling levels. ThéRBS uses discovefgictors that convert a specified fraction

of unproven resources into proved reserves. These factors depend on the expected profitability of EOR
investment opportunities, and not on drilling levels.

Greater expected financial returns motivate the conversion of larger fractions of the resource base into proved
reserves. This is consistent with the principle that funds are directed fowwjects with relatively higher returns.

An explicit determination of expenditures for supply activities does not occur within the EORSS as it does in the
OGSM.Given the role of the discovefgctors in the supply process, the imphedrking assumption ighat

EOR investment opportunities with positive expected profit will attract sufficient financial development capital.
EOR investment does not compete with other oil and gas opportunities. EOR recovery is sufficiently different,
and its product not entirely similar to the lasavy oilmost ofteryielded by conventiongdrojects, that this
assumption is considered appropriate.

Foreign Natural Gas Supply

The Foreign NaturgbasSupply Submodule consists of three key components: Canadian gas trade, liquefied
natural gas (LNG) trades and gas trade with Mexico. Different methodological approaches were taken for each
component in recognition of inherent differences between the various modes of import and the different
circumstances affectifgoth supply capacity in the sourmeuntry andts potential availability to thEnited

States. The process by which Canadian gas flows to the United States is essentially the same process as that for
U.S. supplies in theower 48states. LNG imports aneery different however, withvailable regasification

capacity and the unit costs of transportation, liquefaction, and regasification being the most important
determinants of import volumes. Production costs in courgdesntly or potentially providing LNG are a
relatively small portion of total unit costs for gas delivered into the U.S. transmission network. Gas has not been
imported from Mexico in the eight year period ending in 1992. Mexico began exporting very small volumes of
gas to the United States in 1993. Further development of Mexican gas production capability depends more on
institutional rather than economic factors. Consequently a third, scenario-based approach was chosen to model
gas imports from this source.

The Foreign Natural Gas Supply Submodule is comprised of approximately 23 equations, with 8 parameters. It
is a recursive type model, with oil and gas prices as the principal driving variables. Regional oil and gas prices
are determined exogenously from the OGSM anckaedved from the Petroleultarket Module and the Natural

Gas Transmission and Distribution Module respectively.

Canadian Gas Imports

Gas imports from Canada are modeled using a hybrid approach similar to the one taken for the Lower 48 States.
The model has two key components, a discovery process component and an economic component. The economic
component forecasts drilling activity as a function of discounted cash flows constructed for a representative
Canadian oil and gas project. Within the DCF, variables such as prices, flow rates, costs, and taxes are specified
and can be manipulated for analysisposes. Thdiscovery process component relates reserve additions per
period to wells drilled. Like the Lower 48 module, it is assumed that the size of the find declines exponentially
with cumulative drilling.

A hybrid method was chosen for modelibgnadian gas supplies since this approach most effectively meets the

numerous analytical requirements of OGSM. Also, sufficient data are available for the Caihadlidrgas
industry.Finally, although this approach is a somewhat simplified version abther 48 methodology (for
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example, explicit drilling expenditures are not estimated in the Canadian model), the two models are
methodologically consistent.

Liquefied Natural Gas

LNG has been included as an explicit element of smaheral gas models. LNG is representednia of two

ways, depending on the basic nature of the model. It has been included as a basic element in models such as the
World Gas Trade Model (WGTM;}. It also has been added to an expanded version of the Hydrocarbon Supply
Model (HSM) that was used for the National Petroleum Council Natural Gas Study (1992).

Global trade models are based on a disaggregation wbttek in whichcountries or groups of countries are
separated into consuming andghrcing regions. Each region has &zt representation of supply and demand.
Regions are connected via a transportation network, characterized by interregional transportation costs and flow
constraints. LNG is incorporated into global trade models as possible gasetraelen two noncontiguous
countries. The model solves for the most efficiegtonal allocation of quantities and corresponding prices. The
extensive scope of these models (and commonly encountered limitations of the necessary data) does not allow
for detailed representations of gas supply or demand.

The incorporation of LNG trade into each model generally has occurred as an enhancement of established models.
Both LNG imports and exports aicluded, with LNGexports from Alaska as an exogenous factor. LNG
imports are represented as gas supply available to the appropriate U.S.aegindsg to a prespecified
schedule reflecting industry announcements. The model solution includes an endogenous determination of flows
through LNG facilities and new capacity in response to price.

The LNG algorithm in OGSM differs from the OGSM supply approaches for domestic and Canadian production.

It utilizes supply curves for LNG importkut itdoes noimodel explicitly theexploration andievelopment

process. These supply curves are based on the estimated cost of delivering LNG into the pipeline network in the
United Sate and include atlosts associatedith production, liquefaction, shipping, and regasification. The
supply curves mark the unit costs, which serve as economic thresholds that must be attained before investment
in potential LNG projects will occur. Extensive operational assumptions were made on current import terminal
capacity and the timing of planned capacity expansions.

Gas Trade with Mexico

Gas trade betwedhe United States and Mexitended to be overlooked in earlier modekffprts. This
treatment (or lack thereof) seemed justified for a number of reasons. Except for a brief 5 year period in the early
1980s, neither gross nor net flows of gas between the United States and Mexico were significant. Additionally,
reliable data regarding Mexican gas potential were not readily available.

A scenario basis was chosen to handle gas imports from Mexico because of uncertainty and the significant
influence of noneconomifactors that affect Mexican gas tradith the UnitedStatesMuch of the source

material for the construction of these scenarios was drawn from the National Petroleum Council's 1992 study,
The Potential for Natural Gas in thenlted StatesMany of the models described previously make use of such
exogenouffline analyses to forecast certain variables. For example, DRI's offshore gasupdoduction
forecasts are handled offline and integrated later into their main forecasting model.

The World Gas Trade Model (WGTM) basically is a global expansion of the NARG, using the Generalized Equilibrium Modeling
System (GEMS). This model will not be described in detail because of the extreme similarity of the two models.
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Alaskan Oil and Gas Supplies

Alaska has a limited history as a source of significant volumes of crude oil and natural gas. Initial commercial
flows of crude oil from the Alaskan North Slope began on June 17, 1977. Interest in analyzing the volumetric
potential of Alaska as a source of oilgas supplies arose after the [E@0sdiscovery of the Prudhoe Bay

field, which is thdargest in North America. During the years sincentitt1970s there have been numerous
special studies ddither a one-time nature or limited in scope. An early studvidiyada (1976)projected
expected oil production throud?002!? The results of this analysigere used irCongressional hearings
regarding the construction and operation of the Trans-Alaska Pipeline System (TAPS). A Department of the
Interior (DOI) study (1981) analyzed the supply potential of the National Petroleum Reserve - Alaska (NPRA).
This work was used in the consideration of leasing the NPRA for exploration and development.

Generalized models that deal with both oil and gas potential for Alaska are not as common as those for the Lower
48 states. Most forecasting agencies, including the EIA, have not devoted a large amount of resources towards
the development and maintenance of a detailed Alaskan oil and gas representation in their domestic production
models. Generally, forecasting groups either adopted a projection from asgehey, or utilized other
projections as thbasis forselectecad hocmodifications as appropriate. The latter approach occltla

previous modeling work regarding Alaskan supply in PROLOG.

This seemingriattention to building an Alaska oil agds supplynodelarose from the limited extent of the
projection horizon that was needed until recently. Projections in EIA had been for periods of 10 to 15 years, and
up to 20 years only recently. This periedgth limits the flexibility in Alaskan activities, where lags of 10 to 15

years affect the discovery and development process. Thus, the bulk of oil production for at least 15 years under
virtually any scenario depends almost wholly on the recovery from currently known fields. Marketing of natural
gas from the Alaskan North Slope is not expected prior to the beginning of the next decade at the earliest, because
of the lack of facilities tanove thegas toLower 48markets and the interest of the operators and the State of
Alaska in using the natural gas to maximize recovery of oil from Prudhoe Bay.

The present methodology for the Alaska Oil and Gas Supply Subrt@@ESS) differs from that of the Lower

48 States representation. A discovery process approach with ad hoc constraints was chosen for the AOGSS. This
method was chosen because of the unique nature of industry operatias&anand the limited number of fields

do not lend themselves readily to application of the Lower 48 approach.

The AOGSS is divided into three components: new field discoveries, development projects, and producing fields.
A discounted cash flow methodised to determine the economic viability of each project at netback price. The
netback price is determined as the market price less intentesnisgortation costs. The continuation of the
exploration andlevelopment of multi-year projects, \asll asthe discovery of aewfield, is dependent on
profitability. Production is determined on the basiassfumed drilling schedules and production profiles for new
fields and development projects, and historical production patterns and announced plans for currently producing
fields.

The AOGSS is comprised of approximately 11 basic equations. Oil and gas prices are the gninogal
variables and are received from the Petrolelarket Module and the Natal Gas Transmission and Distribution
Module respectively.

2Mortada International,he Determination of Equitable Pricing Levels for North-Slope Alaskan Crudéd@iober 1976).
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4. Model Structure

Introduction

This chapter describes the Oil aBas Supply Module(OGSM), which consists of a set of submodules

(Figure 3) that perform supply analysis regarding 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
parameter estimatespresenting crude oil and natural gas supplies by selected fuel types on a regional basis to
support the market equilibriudetermination 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 Matdedule (PMM) and the NaturaGas Transmission and
Distribution Model (NGTDM).

Figure 3. Submodules Within the Oil and Gas Supply Module

OGSM
Domestic Foreign
Oil & Gas Natural Gas
Production Supply
Onshore Unconventional Enhanced Liquefied
Offshore ) .
Lower 48 Lower 48 Alaska Gas Oil Canada Mexico Natural
Conventional Recovery Recovery Gas

The OGSM mirrors the activity of numerous firms that prochiteand naturagjas from domestifields
throughout the United States ogaire natural gas from foreign producers for resale in the United States or sell
U.S. gas to foreign consumers. TBESM encompassemestic crude oil and natugds supply by both
conventional and nonconventional recovery techniques. Naettional recovery includes enhanced oil recovery
(EOR), and unconventional gas recofeigR) from tight gas formations, Devonian shale and coalbeds. Crude

oil and natural gas projections are further disaggregated by geographic regidSMerepresents foreign

trade in natural gas as imports and exports by entry region of the United States. These foreign transactions may
occur via either pipeline (Canada or Mexico), or via ships transported as liquefied natural gas (LNG).

The model's methodology is shaped byhlhsic principle that thievel 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.
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The OGSM includes an enhanced methodology for estimating short-tarmd gias supply functions. Short-term

is defined as a one year period in @8SM. Thisenhancement 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 NGTDMlatermined 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 g@sitput prices affecthe 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 madebrporates a more complete argresentative
description of the processes by which oil and gas in the economicallyabbevesource balse convert to proved
reserved. 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 distinguishdsetween 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 returnsNew field wildcats convert resources in previously undiscovered Tieldsbatto proved

reserves (as new discoveries) and inferred restrves. 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 recent literature regarding
resource recovery.

The breadth of supply processes that are encompadthid OGSM results irmethodological differences

between the lower 48 methodology and thafaska oil and gas production and foreign gas trade. The present
OGSM consequently comprises a set of three distinct approaches and corresponding submodules. The label
OGSM asused in this report generally refers to the overall framework and the implementation of lower 48 oil
and gas supply in both onshore and offshore regions. The Alaska @haGdipply SubmoduléAOGSS)

represents industry supply activity 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.

'Economically recoverable resourcasethose volumes considered to be of sufficer¢and quality for their production to be
commercially profitable by current conventional technologies, under specified economic assumptions. Economically recoverable
volumes include proverkserves, inferred reserves, as well as undiscovered andiopinevedresources. These resources may be
recoverable by techniques considered either conventional or unconventional. Economically recoverable ass@ustdset of
technically recoverable resourceshich are those volumes producible with current recovery technology and efficiency but without
reference to economic viability.

*Proved reserveare 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.

3Undiscovered resourcemre locatedbutside of oil and gas fields in which the presence of resources has been confirmed by
exploratory drilling, and thus exclude reservesrasdrve 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 reservesre that part of expected ultimaéeovery fromknown fields in excess of cumulatiygoduction plus current
reserves.

See, for examplén Assessment of the Natural Gas Resource Base of the UnitedRSthtEsley and W.L. Fishest al, 1988,
andThe Potential for Natural Gas in the United Statéslume II, National Petroleum Council, 1992.
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Several changes were made to OGSM foAB®97 A new finding rate function was incorporated that allows
technology tmffset the effects of resource depletion. In the offshore submodule, the royalty calculations were
adjusted to account for the Outer Continental Shelf Deep Water Royalty Relief Act (Public Law 105-58) (see
Appendix 4-A).

The following sections descril®@GSM grouped into four conceptually distinct divisions. Tinst section
describes most oil arghs supply in thiower 48statesjncluding onshore lower 48 conventional oil and gas
supply, offshore oil andas supply, and Unconventional Gas Reco%ery. This is followed by the methodology

of the Enhanced Oil Recovery SupBlybmodule, then the Alaska Oil and Gas Supply Submodule. The chapter
concludes with the presentation of the Foreign NateaSupply Submodule. A set of three appendices are
included following the chapter. These separate reports provide additional detail on special topics relevant to the
methodology. Thappendices present extended discussions on the discounted cash flow (DCF) calculation, the
determination of unit costs for delivered LNG, and the finding rate function.

Lower 48 Onshore and Offshore Supply Submodule

Introduction

This section describes the structure of the models that comprise the lower 48 onshore (excluding EOR) and the
lower 48 offshore submodule of the Oil and Gas Supply Module (OGSM). The general outline of the lower 48
submodule othe 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.

The OGSM receives regional oil and gas pfiicas the PMM and NGTDM, respectively. The PMM calculates

the regional oil prices as functions of the world oil price. Using demand functions received from the demand
modules,data on transportation costs, and short-run supply functions of gas, the NGTDM determines the
equilibrium wellhead price ohatural gas foeach region. Using these prices in conjunction wita on

production profiles, co-product ratios, drilling costs, lease equipment costs, platform costs (for offshore only),
operating costsseverancéax rates, adaloremtax ratesroyalty ratesstate tax ratedederaltax rates, tax

credits, depreciation schedules, and success rates, the discounted cash flow (DCF) algorithm calculates expected
DCF values in each period associated with representative wells for each vegidype (exploratory,
developmental), and fuel type (oil, shallow gas, deep gas, and unconventional gas).

Intraregional E&D drilling expenditures by fuel type and region are predicted as functions of the expected
profitabilities of the fuel and region-specific drilling activity.

The fuel and region-specific E&D drilling expenditures are divided by regional estimates of representative
drilling costs to determine the number of wells drilled within each region per period for each well and fuel type.
Based on region-specific historical patterns, exploration wells are broken down into new field wildcats and other
exploratory wells.

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

®Enhanced oil recovery (EOR) supply wasmgiemented as an endogenous source of produced oil as described in the Component
Design Report for EOR. EOR production for theO94was incorporated into the model as an exogenous input to OGSM.

Energy Information Administration/Oil and Gas Supply Module Documentation 4-3



Figure 4. Flowchart for Lower 48 States Onshore and Offshore Oil and Gas Submodules
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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 previousvhideidde currenperiod's
produdion (determined in the NGTDM and the PMM) is subtractegletol the end of yeaeserves for the

current period. These reserves along with an estimate of the expected production to reserves ratio for the next
period are passed to the NGTDM and the PMM 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 1, in region r, for fuel
type k. The calculation assun@dy one source of uncertainty--geology. T¥dl can be a success (wet) or a

failure (dry). The probability of success is given by the sucegssthe probability of failure 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 prbject consists of one successful developmental well along with the
associated number of dry holes. The number of dry developmentalasstisiated witltone successful
development well is given Hy1/SR) - 1Jwhere SRrepresents the success rate for a developweadhin 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 =1thru 6, k=1 thru 6, s=t thru t+L

where,
NCFON = annual undiscounted net cdlslw for a representative onshore development
project
REV = revenue from the sale of the primary and co-product fuel
ROY = royalty taxes
PRODTAX = production taxes (severance plus ad valorem)
DRILLCOST = the cost of drilling the successful developmental well
EQUIPCOST = lease equipment costs
OPCOST = operating costs
DRYCOST = cost of drilling the dry developmental wells
STATETAX = state income tax liability

"Equations (1) through (6) in this section and the following one describe the computation of the expected dissbuittad
estimate for a representative onshore exploratory or developmental well, denoted ag RCFON  in equations (4) and (6). An equivalent
set of calculations determil¥CFOFFE, ,  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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FEDTAX = federal income tax liability

well type (1 = exploratory, 2 = development)

subscript indicating onshore regions (see Figure 5 for OGSM region codes)
subscript indicating fuel type

subscript indicating year of project life

current year of forecast

=  expected project lifetime.

T = X = —
|

The calculation of REV depends on expected production and prices. Expected production is calculated on the
basis of individual wells. Flow from each succesefell begins at devel equal to thaistorical average for
production over théirst 12 months. Production subsequenliyglines at a rate equal to the historical average
production to reserves ratio. The default price expectation is that ceal will remain constant over the project's
expected lifetime. ThOGSM alsacan utilize an expected price vector provided from the NEMS sylstgm

reflects a user-specified assumption regarding price expectations. The calculations of STATETAX and FEDTAX
accounfor 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 investrigentredits. 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 E{yatoa discounted and
summed to yield the discounted cash flovtlier representative onshore developmental project (PROJDCFON).
This can be written as:

PROJDCFON,, - SUCDCFON,,, + [(5 é’nk) - 1] » DRYDCFON, ,,, 2
fori =2
where,
SUCDCFON = the discounted cash flow associated with one successful onshore developmental
DRYDCFON = Vtvfil disounted cash flow associated with dmg onshore developmental well (dry
hole costs).

Since the expected discounted cash flow for a representative onshore developmental well is equal to:
DCFON,,, = SR,, * SUCDCFON,,, + (1 - SR,,) * DRYDCFON,,, for i = 2 (3)
it is easily calculated as:

DCFON, , = PROJDCFON , * SR, fori=2,r=1thru 6, k=1 thru 6 (4)

8 Abandonment of 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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Figure 5. Lower 48 Oil and Gas Supply Regions with Region Codes

where,
DCFON = expected discounted cash flow for a representative onshore developmental well.
Onshore Lower 48 Exploration

A representative onshore exploration project consisthefsuccessfaxploratorywell, [(1/SR, ,)-1] dry
exploratory wells, n successful development wells, gnd m *[(1/SR )-1] dry development wells. All exploratory
wells are assumed to be drilled in terent year with production from the successful exploratory well assumed

to commence ithe 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 discaratbdlow 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:

1
PRO‘]DCFOI}],LK,I = SUCDCFOI\LLK'l + myx SUCDCFOI\LLK'l + (( ) - 1] *

SR, 1k (5)
DRYDCFO'\E,LK,I} . (( L ) - 1| +DRYDCFON,
SRl,r,k
where,
m, = number of successful developmental wells in a representative project.
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The firsttwo 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 repreenimpact 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,,,, = PROJDCFON, ,, * SR, (6)

Since the OGSM forests an agggate level of drilling expenditures for unconventional gas recovery rather
than forecasting separately drilling expenditures for tight sands, devonian shale, and coalbed methane, an
aggregate expected DCF for unconiamdl gas recovery is calculated for each onshore region except region

6. This aggregate expectB€F for unconventional gas recovery is calculated for each well class and region

as a weighted avage of thexpected DCF’s for each unconventional gas category. The weights are equal to
the share dbtal unconventional gas wells iparticular unconventional gas category in the previous period.
Specifically,

W, = WELLS /3 WELLS
k

irk,t I,rk,t-1

for k = 4,5, 6 (7)

rk,t-1’

and

UGDCFON,, = ¥ w,  DCFON,,,, fori =12 r=12345
2 Wik

(8)

where,

WELLS
UGDCFON

= wells drilled

= expected DCF for unconventional gas recovery.

While most of the expenditure forecasting equations use the expected DCF of the specific drilling activity at the
well, region,and fuel type level as thproxy for expected profitability, there ardeav instancesvhere more
aggregated measures of expected profitability are used, e.g., expected DCF's aggregated at the regional and/or
national levels. A description of these weighted-average calculations are described below.

Offshore Exploration and Development

The calculations of the expected discounted cash flows for the lower 48 offshore regions (i.e., REGFOFF ) are
identical to those described for tlmever 48 onshore. In addition, the economssessment of an offshore
development well matches that in the onshore. The sole difference relates to the specific characterization of an
offshore exploration project, which is reflected in the input data for the offshore.

Specifically, an offshore exploration project consists of: (1) two successful new field wildcat wells drilled in the
first year of the project frorwhich there is ngroduction; (2three successful other exploratory wliat

delineate the new field and begin producing in the second year of the project along with the requisite number of
dry other exploratory wells; (3) eight successful developmental wells that are drilled and begin producing in the
third year of the project along with the requisite numbeatrpfdevelopmental wells; arfd) one successful
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developmental well that is drilled and begins producing in each of the next seven years of the project along with
the requisite number of dry holes.

Calculation of Regional and National Expected DCF's
For each well type I, weighted average expected DCFsaftir lower 48 onshore anffshore region are

calculated. The weights are equal to the share ofwetld of type | drilled in region r of fuel type k in the
previous period. Specifically,

i,rk,t I,rk,t-1

W, = WELLS ,, /> WELLS ,,, foreachi r, k @)
k

where,
WELLS = wells drilled.

The regional onshore and offshore DCF's for a representative well are derived using the following equations:

RDCFON,, = > w, ,, * DCFON,,, fori =1, 2, r = onshore regions, k 1 thru 6 (10)
k
RDCFOFF = ¥ w, .+ DCFOFE ., fori =1, 2, r = offshore regions, k- 1, 2 (11)
k
where,
RDCFON = onshore regional expected discounted cash flow per well

RDCFOFF

offshore regional expected discounted cash flow per well.

Similarly, for each well type |, the national onshore and offshore DCF's are calculated as weighted averages of
the regional DCF's. The weights are equal to the regional shares of total wells of type | drilled nationwide in the
previous period. Algebraically, the weights are calculated as:

w,. = WELLS, /> WELLS
r

,rt-1'

for each i, r (12)

The national onshore and offshore expected DCF's for each well type are equal to:

NDCFON, = } w,  «RDCFON,, fori =1, 2, r = onshore regions (13)
NDCFOFE, = » w, +RDCFOFE,,, fori = 1, 2, r = offshore regions (14)
where,
NDCFON = national onshore expected discounted cash flow per well
NDCFOFF = national offshore expected discounted cash flow per well.

Energy Information Administration/Oil and Gas Supply Module Documentation 4-9



Lower 48 Exploration and Developmental Drilling Expenditures

Lower 48 Onshore Expenditure Forecasting Equations

The level of drilling expenditures lwell class, onshore region, and fuel type is forecasted, generally, as a
function of expected profitability as proxied by the expected DCF for a representative well of class |, in region
r, for fuel type k. In some specif@ases, a forecasting equatimay use an alternative proxy for expected
profitability andmayincorporate the impact of structural changes through the inclusion of dummy vdriables.
For unconventional gagcovery, expenditures for each unconventigaal type ardetermined by applying

regional historical shares to total unconventional gas drilling expenditures for each onshore region. The specific
forms of the equations used in forecasting onshoweer 48 drilling expenditures are givenAppendix B.

These equations can be expressed in the following generalized forms.

SPENDOl\l!r,k,t - mol,r,k * (mli,r,k * DCFON,r,k,t) * (m2i,r,k * DUML, )+ (m3|,r,k * DUMZt) (15)
SPENDON,,, = mQ,, + (ml,, + RDCFON?, ) (16)
where,
SPENDON = lower 48 onshore drilling expenditures by fuel type, region and well type
DCFON = expected DCF for a representative onsvetifor a specific fuel type, region,
and well type
RDCFON = expected DCF for a representative onshore well by well class and region
DUM1, DUM2 = dummy variables (equal to 1 or 0)
m0, m1l, m2 = estimated parameters
I = welltype
r = lower 48 onshore regions
k = fueltype
t = year

Additionally, a few equations include a correction for autocorrelation as given by:

SPENDON,,, = m0Q,, +(ml, , «DCFON ) +(mZ,, *DUML) +p, , * SPENDON, (17)
= Pigg (MO + (ML, *DCFON )+ (M2, «DUML ) )

where,

p = autocorrelation parameter.

Lower 48 Offshore Exploration and Developmental Drilling Expenditures

The level of offshore drilling expenditures is generally forecasted as a function of the expected profitability of
the specific offshore drilling activity as measured by the expected DCF. Some specifics, however, should be
noted. For each of thHeulf of Mexico regions (Western, Central, and Deep watersintigelforecasts total
exploration drilling expenditures as a function of a proxy for the expected profitability of exploratory drilling

in the offshore. These expenditures are then allocated to oil and gas on the basis of historical average shares. For

°Some of these dummy variables are only applied to historical years and will appear in the estimation description in Appendix E but,
because they are equal to zero in the projection period, will not appear in the mathematical description in Appendix B.
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the Pacific offshore region, both exploration and development expenditures are allocated entirely to oil. The forms
of the forecasting equations are given below, with further explanation provided where necessary.

Offshore Exploration Expenditure Forecasting Equations

SPENDOFFE,,, = e 0P s for j = 1 r=8 k=1 (18)
SPENDOFE,,, = [e“% WP Oz DM, [SHARE Jfori = 1,1=9, k=12 (19)
SPENDOFE,, , = [e“% “hRPCFOFR AN [SHARE, ] fori = 1, r = 10, k = 1,2 (20)
SPENDOFFE,,, = [e“% *WRPCFOMu 1A TREND)  [SHARE, ] fori = 1, 1= 12, k= 1,2 (21)

Offshore Development Expenditure Forecasting Equations

SPENDOFE,,, = e “hfPFOet for j = 2, r= 8,k = 1 (22)
SPENDOFE,,, = e PO for j = 2, r= 9, k=1 (23)
SPENDOFFE,, = e “hn\DCFORRenlMEZ o j — 2 r =9, k = 2 (24)
SPENDOFFE,,, = €% “hnPCFOMu ve2uPUM for j = 2 1= 10, k = 1 (25)
SPENDOFFE,, = e “hnPCFOfue2nlUML tor | = 2 1= 10, k = 2 (26)
SPENDOFFE,,, = €% “hnPCFOMuu v eandREND for | = 2, r= 12, k= 1 (27)
SPENDOFFE,, = e FOfua for j = 2, 1= 12, k = 2 (28)
where,
SPENDOFF = lower 48 offshore drilling expenditures by fuel type, region and well type
DCFOFF = expected DCF for a representative offsh@ieby wellclass, region, and fuel
type
RDCFOFF = expected DCF for a representative offshore well by well class and region
NDCFOFF = expected DCF for a representative offshore well by well class
SHARE = average share of total exploratory drilling expenditures by region, accounted for
by fuel type:
0.06375 for I=1, r=9, k=1
0.93625 for I=1, r=9, k=2
0.134 for 1=1, r=10, k=1

0.866 for 1=1, r=10, k=2
0.5 for I1=1, r=12, k=1 and 2
TREND = atime trend beginning in 1986

DUM81 = dummy variable equal to 1 from 1981 onward

DUM82 = dummy variable equal to 1 from 1982 onward

DUM86 = dummy variable equal to 1 from 1986 onward

DUM89 = dummy variable equal to 1 from 1989 onward
«0,0l,02 = estimated parameters
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well type, 1 for exploratory, 2 for development
lower 48 offshore regions

fuel type (1 = oil, 2 = gas)

= year.

- XN = —
]

Wells Determination

The number of wells drilled in each region by class and fuel type is forecasted by dividing the relevant regional
drilling expenditures by the corresponding drilling cost per well. Specifically,

WELLSO _ SPENDON for i = 1, 2, r = onshore regions, k 1 thru 6
Nowi = ~Cost,, =L 2= glons, (29)
SPENDOFF, , ,
WELLSOFFE, ,, = ————==, for i = 1, 2, r = offshore regions, k- 1, 2 (30)
ot COST,
where,
WELLSON = onshore lower 48 wells drilled by fuel type, region, and well type
WELLSOFF = offshore lower 48 wells drilled by fuel type, region, and well type
SPENDON = onshore lower 48 drilling expenditures by fuel type, region and well type
SPENDOFF = offshore lower 48 drilling expenditures by fuel type, region and well type
COST =

expected drilling cost per well, the sum of successful and dry well drilling costs
weighted respectively by the success rate and the failure rate

well type (1 = exploratory, 2 = development)

lower 48 regions, onshore and offshore

fuel type (1 = oil, 2 = shallow gas, 3 = deep gas, 4 = tight sands gas, 5 = Devonian
shale gas, 6 = coalbed methane)

year.

I
r
k

t

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

SUCWELSOI\,!W = WELLSONJM * SR,r,k, for i = 1, 2, r = onshore regions, (31)
k =1thru 6

SUCWELSOFF;  , = WELLSOFFE, , * SR, fori = 1, 2, r = offshore regions, k= 1, 2

(32)
where,
SUCWELSON = successful onshore lower 48 wells drilled
SUCWELSOFF = successful offshore lower 48 wells drilled
WELLSON = onshore lower 48 wells drilled
WELLSOFF = offshore lower 48 wells drilled
SR = drilling success rate
I = welltype (1 = exploratory, 2 = development)
r = lower 48 regions, onshore and offshore
4-12
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=~
1

fuel type (1 = oil, 2 = shallow gas, 3 = deep gas, 4 = tight sands gas, 5 = Devonian
shale gas, 6 = coalbed methane)

t year.

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

[
r
k

well type (1 = exploratory, 2 = development)

lower 48 regions, onshore and offshore

fuel type (1 = oil, 2 = shallow gas, 3 = deep gas, 4 = tight sands gas, 5 = Devonian
shale gas, 6 = coalbed methane)

year.

DRYWELON,,, = WELLSON, ,, - SUCWELSON,,,, for i = 1, 2, (33)
r = onshore regions, k 1 thru 6
DRYWELOFF, ,, = WELLSOFF,,, - SUCWELSOFF,,, fori = 1, 2, (34)
r = offshore regions, k 1, 2
where,
DRYWELON = number of dry wells drilled onshore
DRYWELOFF = number of dry wells drilled offshore
SUCWELSON = successful lower 48 onshore wells drilled by fuel type, region, and well type
SUCWELSOFF = successful lower 48 offshore wells drilled by fuel type, region, and well type
WELLSON = onshore lower 48 wells drilled by fuel type, region, and well type
WELLSOFF = offshore lower 48 wells drilled by fuel type, region, and well type

—
1

Drilling, Lease Equipment, and Operating Cost Calculations

The cost of complying with environmental regulations is accounted @&®BM through adjustments to the

drilling costsand operating costs. These adjustments are baseorlolone by Energy and Environmental
Analysis, Inc. (EEA) irsupport of the National Petroleum Council (NPC) study "The Potential for Natural Gas
Supply in the United States." EEA developed factors that coulgpbedafn drilling and operating cost estimates

to account forthe additional costs @bmplying with impending environmental regulations. Tdetors are
expressed as proportional adjustments to estimates of drilling costs and operating costs. These factors were
developed by depth class and region, with the regions being those of the EEA's Hydrocarbok &leply

(HSM).

These environmental compliance adjustment factors were incorporated into OGSM through a weighting scheme.
Each state within an OGSM region was assigned the compliance factor of the HSM region in which the state is
located. American Petroleum Institute (API) well data were used to weight each state level factor by that state's
share of drilling within the OGSM region.

The implementation in OGSM of the environmental cost adjustment factors occurs incrementally over the period

1992 to 1996. During each of these five years an equal share of the total proportional adjustment is introduced.
After reaching their full magnitudes in 1996, the factors remain at those levels throughout the remainder of the
forecast period.

The environmental cost adjustment factor for drilling costs is determined as specified below:
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0;if t < 1992
ECCDRLAg, , - ECCDRL48,  * (t-1992+1)/5; if 1992 < t < 1996 (35)

ECCDRLA4g, ; if t > 1996

where,

ECCDRL48 = incremental cost of environmental compliance measured as a fraction of drilling
costs.

The environmental cost adjustment factor for operating costs is determined as shown below:

0;if t < 1992
ECCOPL48, , - ECCOPL48,  + (t-1992:1)/5; if 1992 < t < 1996 (36)

ECCOPL48, ,; if t > 1996

where,

ECCOPL48 = incremental cost of environmental compliance measured as a fraction of operating
costs.

Drilling Costs

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

DRILLCOST,, - €% .« WELLSON'} + ™" PE i, P TME,
" (1 + ECCDRL48, ), (37)
for r = 2 through 5, k=1, 2, 3;
forr=1,6,k=1,2
where,
DRILLCOST = drilling cost per well
WELLSON = total onshore lower 48 wells drilled
DEPTH = depth per well
TIME = time trend - proxy for technology
r = OGSM lower 48 onshore region
k = fueltype (1 = oil, 2 = shallow gas, 3 = deep gas)
80,081,062,863 = estimated parameters
t = year.

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

DRYCOST,,, = " . WELLSON'Y + e®4"PEPTx , ¢33 TME () \FCCDRLA4S) (38)
for r = 2 through 5, k=1, 2, 3;
forr=1,6,k=1, 2
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where,

DRYCOST = drilling cost per dry well.

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

DRILLCOST ,, - €™  WELLSOFR} « "% PETHe . P4 TME

(1 + ECCDRL48,), (39)
for r = Gulf of Mexico, k = 1, 2,
where,
DRILLCOST = drilling cost per well
WELLSOFF = total offshore lower 48 wells drilled
DEPTH = depth per well
TIME = time trend - proxy for technology
k = fueltype (1 =olil, 2 =gas)
80,081,02,83 = estimated parameters
t = year
In each period of the forecast, the drilling cost per dry well is determined by:
DRYCOST,, = e"® + WELLSOFR; « e "% « ¢ ™ . (1.ECCDRL48, ) , (40)
for r = Gulf of Mexico
where,
DRYCOST =  drilling cost per dry well.
Lease Equipment Costs
In each period of the forecast, lease equipment costs per successful well are determined by:
LEQG,,, = e"P% « SUCWELL Y » e~ ™5, (41)

for r = 2 through 5, k=1, 2, 3;
forr =1,6, k=1, 2

where,
LEQC = oil and gas well lease equipment costs
SUCWELL = lower 48 successful onshore wells (oil, gas)
TIME = time trend - proxy for technology
€0,el,e2 = estimated parameters
r = OGSM lower 48 onshore region
k = fueltype (1=oil, 2=shallow gas, 3=deep gas)

t year.

Energy Information Administration/Oil and Gas Supply Module Documentation 4-15



Operating Costs

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

OPG,, - e"® , SUCWELLS&"l v 0% DEPTHL | g0« TME, (g ECCOPL48, ) 42)
for r = 2 through 5, k=1, 2, 3;
forr=1,6,k 1,2
where,
OPC = oil and gas well operating costs
SUCWELL = lower 48 successful onshore wells (oil, gas)
DEPTH = average well depth
TIME = time trend - proxy for technology
$0,91,92,$3 = estimated parameters
r = OGSM lower 48 onshore region
k = fueltype (1=oil, 2=shallow gas, 3=deep gas)
t = year

The effects of technological charajeo are reflected in adjustments to the resource base, as shown in equations
in the section below that discusses the finding rates.

Reserve Additions

The Reserve Additions algorithm calculates units of oil gasl added to the stocks proved and inferred
reserves? Reserve additions are calculated through a set of equations accoumgindeftor discoveries,
discoveries in knowfields, 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.

Discoveries of previously unknown fields per periodracaleled as a function of the numbemefv field
wildcatsdrilled per period. Eachewly discovered field nabnly adds proved reserves but alsmach larger
amount of inferred reserves. Provesarves are reserves that can be certified using the original discovery wells,
while inferred reserves are those hydrocarbons that require additional drillingtbefoese termed proved.
Additional drilling takes the form of otherrratory drilling and development drilling. Within the model, other
exploratory drilling accounts for proved reserves added throegtpools or extensions, artbvelopment
drilling accounts for reserves added through revisions.

The volumetric yield from successfuhewfield wildcat well is dividednto 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.

An important advantage inherent in OGSM's desigts isnodularity.The present findingate specification 0©OGSM was
developed to meet the analytical requirements and schedule for NEMS. Modifications will be made to the present discovery process
methodology and resource accounting in the future.
A more complete discussion of the topic of reserve growth for producing fields can be found in Chafter Bavhestic Oil and
Gas Recoverable Resource Base: Supporting Analysis for the National Energy Strategy
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Functional Forms

Oil or gas reserve additions from new field wildcats are a function of the cumulative number of successful new
field wildcats drilled, the initial estimate of economically recoverable resofmcéise fuel, and the rate of

technological changé.

Total successful exploratory wells are disaggregated into sucaessfiidld 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 SW1, other successful exploratory wells by SW2, and successful development wells by SWa3.

The major inputs to the new field reserve addition equation are new field wildcats drilled and the resource base.

This approach relies on the finding rate equation:

FRY . = FRL 4(1+B1)+exp(-81,, + SWI, ) (43)
where,
FR1 = new field wildcats finding rate
SW1 = successful new field wildcats
01 = finding rate decline parameter
1 = finding rate technology parameter
r = region
k = fueltype (oil or gas)
t = year.

Under the above specification, the yield from new fielddhing in the absence of technological change declines
exponentially as cumulative drilling increases. Specifically, in the absence of technological change, the finding
rate at theend of period t is lowahan the finding rate in period t-1 B, the decline rate, times the number

of wells drilled in period t. Technological changpands the economically recoverable resource volume beyond

the initial estimate. Within OGSM, this is represented in two ways. First, the increase in the resource base is
presumed to increase the finding rateflyyercent. Under this approach, the finding rate in peroaa t be

higher, lower, or equal to the finding rate in t-1 depending on the vtié,cdnd the number of wells drilled

in period t. The increase in the economically recoverable can also affect the decline paramatagrdingly,

01 is recalculated in each period using the following equation:

_ FRJT,k,t—l(J-*ﬁl) - FRMlNlr'k
rkt (44)
QTECH,, - CUMRES, .,

where,
FR1 = new field wildcats finding rate
FRMIN1 = minimum economic finding rate for new field wildcat wells
QTECH = undiscovered econoadilly recoverable resource estimate adjusted for expansion

due to technological change

2A more complete discussion of the findiageequations and the enhancement to include technological change is available in
Appendix 4-C of this report.
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CUMRES = cumulative proved and inferred reserve discoveries over the projection period
(initial value = 0)
t = forecastyear.

In the numerator, thminimum economic findingate is set as a percentage of the initial finding rate. The
percentage is constant over the foredastyariesamong fuels and regions. The denominator represents the
remainingeconomicallyrecoverable resource estimate in undiscovered fields, so the cumulative reserves found
over time must be deducted. is constrained not to fall below 0.

The above equations provide a rate at which undiscovered resources convert into proved and inferred reserves
as a function of the number of new field wildcats drilled. Givesstimate for the ratio of ultimate recovery from

afield relative to the initial proved reserve estimafg, 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 integrating the finding rate with respect to wells drilled each period.

1 SWL ¢
AR, = x_rk £ FRL,, d(SW1) )
SWL ¢
Xi [ FRLA(14BL) + exp(-81,, + SWE )d(SW)
rk 0
where,
X = reserves growth factor
AR = additions to proved reserves.

The terms in equation (47) are all constants in period t, except for the SW1. X is derived from historical data and
it is assumed to be constant during the forecast period, FR1 81gndre calculated, prior to period t, based
on lagged variables and fixed parameters as shown in equations (45) and (46).

Reserves move from the realm of inferred to proved with the drilling of other exploratory wells or developmental
wells in much the sameay asproved and inferred reserves are modeled as moving from the resource base as
described above. The volumetric return to other exploratory wells and developmental wells is shown in the
following equations:

FRzr,k,t - FR?r,k,t—1(1+ﬁ2)* eXp(fézr,k,t* SW?r,k,t) (46)
where,
FR2 = other exploratory wells finding rate
SW2 = successful other exploratory wells
p2 = technology parameter for FR2.
I:Re”r,k,t - FRSr,k,t—l(1+ﬁ3)* eXp(763r'k’l* SWSr,k,t) (47)
where,
FR3 = developmental wells finding rate
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SW3 = successful development wells
3 = technology parameter for FR3.

The derivation of updated decline factors for the exponentially declining functions are shown in the following
equations for other exploratory drilling and developmental drilling, respectively.

5 (FR2,,,(1+B2)-FRMINZ,,) « DECFAC
rkt t-1 (48)
|, (L+TECHYT + E (—)fFRJTk dSw1) - ¥ [JFR2, d(SW2) + JFR3, d(SW3)]
T+1 T+1 ]
5 (FR3,,(1+B3)-FRMIN3,,) « DECFAC
rkt t-1 (49)
|, (L+TECHYT E (—)fFRJTk dSw1) - ¥ [JFR2, d(SW2) + JFR3, d(SW3)]
| T+1 T+1 ]
where,

I = initial inferred reserves estimate

DECFAC = decline rate adjustment factor.
FRMIN2 = minimum economic finding rate for other exploratory wells
FRMIN3 = minimum economic finding rate for developmental wells

The convesion of inferred reserves into proved reserves occurs as both other explamiterand
developmental wells exploit a single stock of inferred reserves. The specification of equations (50) and (51) has
the characteristic th#tte entire stock of inferred reserves can be exhausted through either the other exploratory
wells or developmental wells alorgnis extreme result ignlikely given reasonable drilling levelsany one

year. Nonetheless, the simultaneous extraction from inferred reserves by both drilling types could be expected
to affect the productivity of each other. Specifically, the more one drilling type draws down the inferred reserve
stock, there could be a corresponding acceleration in the productivity decline of the other type. This is because
in a given year the same initial recoverable resource value (i.e., the denominator expression in the derivation of
8, andd,) is decremented by either type of drilling.

DECFAC is present in the computationdgfandd, to account for the simultaneous drawdown from inferred
reserves by both other exploratory wells and developmental wells. DECFAC is a user-specified parameter that
should be greater than or equal to 1.0. Valuesagrtgan 1.0 accelerate the productivity decline in finding rates.

The parameter values for thmnual Energy Outlook996arel1.0 for boththe onshore and the offshore.
Subsequent to recent resource updates, the retliivelown of inferred reserves in any year was judged
insufficient to significantly impact the resource accounting in either case.

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

1 SWI e SWZ ke SW3 ¢
RA L 3 [ FRLASWL) + [ FRZ, d(SW2) « [ FR3, d(SWS) (50)
r,k

0 0 0

Finally, total end of year proved reserves for each period equals:
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Rr,k,tfl - Qr,k,t * RAr,k,t (51)

T,k t =

where,

reserves measured as of the end-of-year
production

R
Q
Production to Reserves Ratio

The production to reserves ratiotlas relative measure of reserves drawdown, represents the rate of extraction,
given any stock of reserves. For each year t, it is calculated as:

PR = — (52)

PR = production to reserves ratio for year t

production in year t (received from the NGTDM and the PMM)

end of year reserves for year (t-1) or equivalently, beginning of year reserves for
year t.

e
In 1

PR represents the rate of extraction from all wells drilled up to yeaotgh year t-1). To calculate the expected
rate of extraction iyear (t+1), themodel combines production in year t with the resedditions and the
expected extraction rate from new wells drilled in year t. The calculation is given by:

(R_;* PR*(1-PR)) + (PRNEW + RA)

PR[+1 - Rt (53)
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 productidrom proved reserves as of the beginning of year t. This production is the expected
produdion in year t, R, *PR, adjusted HyPR toreflect the normal decline from year tttl. Thesecond
represents production from reserves discovergdant. No production in yeét1 is assumefiom reserves
discovered in year t+1.

PR is constrained not to vary from PR by more than 5 percent. It is also constrained not to exceed 30 percent.
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The values for R and RR are passed to the NGTDM and the PMM for use in their market equilibration
algorithms which solve for equilibrium production and prices for year (t+1) of the forecast using the following
short-term supply function:

Quier = Repd * PR+ (X + Bryex APy ()] (54)
where,
R, = end of year reserves in period t
PR = extraction rate in period t
f = estimated short run price elasticity of supply
AP,, = (P.;-R)/R, proportional change in price from t to t+1.

The P/R ratio for period t, RR, is assumed to be the approximate extraction rate far-perater normal
operating conditions. The product (R *,PRhis expected, or normal, operating level of production for period
t+1. Actual production in t+Will deviate from expected depending on the proportionate change in price from
period t and on the value of short run price elasticity. The OGSM passes estirfiatethefNGTDM and PMM
thatcan be used in solving for the market equilibria. Documentation of the equations used to @&timate
provided in Appendix E, pp. E-29 through E-37.

Associated Dissolved Gas

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

ADGAS,, = " « OILPROD, (55)
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,

BO, + p1, xDUMBS,

ADGASM _ eln(acO)r+|n(acl)r*DUM86‘ « OILPRO[)M (56)
where,
DUM86 = dummy variable (1 if t>1985, otherwise 0)
«0,1,p0,p1 = estimated parameters.
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Enhanced Oil Recovery Supply Submodule

This section describes the structure of the Enhanced Oil Recovery Supply Submodule (EORSS). The EORSS is
designed to project regional oil production in the onshore lowstatiés extracted by use of tertiary recovery
techniques. This section provides an overview of the basic approach including a discussion of the procedure for
projecting production from basear reserves and the methodology for development and subsequent production
from previously unproven reserves.

Introduction

All submodules in the OGSM share similar basic attribbtegthe EOR representation differs in the particulars.

The EORSS uses a modified form of the previously described methodology, which is used for conventional oil
supply and all natural gas recovery types in the lower 48 states. This section presents a discussion of the general
differences in the EOR methodology.

The basic supply process for both EOR and the other sources of crude oil and natural gas consists of essentially
the same stages. The physical stages of the supply proeglss the conversion of unproven resources into
proved reserves, and then the proved reserves are extracted as flows of production. The significant differences
between the methodology of the EORSS and the other submodu@Skf Gncern the conversion of unproven
resources to proved reserves, the extraction of proved reserves for production, and the determination of supply
activities.

The EORSS uses discovery tastthat convert a specified fraction of unproven resources into proved reserves.
These factors depend on the expected profitability of EOR investmentumpifi@s. This approach is a substitute

for the approach used elsewher®@SM inwhich thetransfer of resource stocks from unproven to proved
status is accomplished by use of finding rate functions that relate reserve additions to cumulative drilling levels.
Greater expected financial returns motivate the conversion of larger fractions of the resource base into proved
reserves. This is consistent with the principle that funds are directed fowwjects with relatively higher returns.

An explicit determination of expenditures for supply activities does not occur withEQIRSS as it does
elsewhere in the OGSMEGiven the role of the discovefgctors in the supply process, the impheirking
assumption is that EOR investment opportunitidh positive expected profit will attract sufficient financial
development capital. The exploitation efonomicEOR resources without an explicit budget constraint is
consistent with the view that EOR investment does not compete directly with other oil and gas opportunities. This
assumption is considered acceptable because EOR extraction is unlike the other oil and gas production processes,
and its product differs sufficiently from the less heavy oil most often yielded by conventional projects.

EOR Production from Proved Reserves

Input: reserves differentiated by unit operating costs (constitutes price-supply table)

3The EOR price-supplables used in this submoduee of criticaimportance to any outlook. The estimates provided in these
tables are generated from an elaborate preprocessor routine, that performs economic evaluations intended to be consistent with the
detailed geological, engineering, and economic information maintained in the Tertiary Oil Recovery Information System (TORIS).
TORIS is a large analysis system maintained by the Bartlesville Project Officeli®E©ffice of FossilEnergy (OFE). TORIS
originally was developed for use in the analysis sponsored by the National Petroleum Council in their comprehensive 1984 study on
EOR. A complete description of the EORSS preprocessor and its relationship to the EORSS will be published in the spring of 1996
as a special appendix to this document.
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For every year of the forecast horizon, the remaining proved reserves in the price-supply table that continue to
be economic are identified. Proved reserves thatur@veperating costs that exceed the current net price do not
contribute to current production. The net price is the current price less royalty payments and sexesnce

which are unavoidable costs per unit. Thus, the net price measures the unit revenue that accrues to the producing
firms.

Production from a given stock afqwed reserves is determined by the application of an assumed production-to-
reserves ratio (Figure 6).

New EOR Projects
Input: reserves differentiated by unit operating costs (constitutes price-supply table)

Use current year price to identify the econopuction of remaining unproven inferred reserves (Figure 7).
Economic projects are transferred to undmetl inferred reserves status. The economic portion of undeveloped
inferred reserves become proved resebased on net difference between price and unit cost. The rate of
conversion is a fraction determined as the inverse of the expected number of years for development (see table
below). Thenewadditions to this stock are economic given the current price as indicated by the economic test

in the previous step. Subeconomic portions of the preexisting undeveloped stock are not developed, because the
development fractions (i.e., the inverse of the expected years for development) are zero if unit costs exceed the
net current price.

Figure 6. Procedure for EOR Production from Proved Reserves

Depictions of processing steps in each period

Identify remaining
economic proved reserves

Y

Conduct comparison test
between current net price
and unit variable costs

Y

Extract fraction of economic
reserves using P/R ratio

Energy Information Administration/Oil and Gas Supply Module Documentation 4-23



Figure 7. Development of New EOR Projects

Depictions of processing steps in each period

Identify remaining economic
portion of unproven
inferred reserves

- Move to undeveloped status

Y

Set fraction of undeveloped
inferred reserves for each
price category

Y

Move newly developed
portion into proved reserves

Y

Production occurs as
described in Figure 6

Expected Development Schedule for Economic Undeveloped
Inferred Reserves EOR Projects

Difference in Price over Unit Expected Years for
Cost Development
$0-1.00 40
$1.01-2.00 36
$2.01-3.00 32
$3.01-4.00 28
$4.01-5.00 24
> $5.00 20

The convesion of the appropriateolume of undeveloped reserves into proved reserves is followed by the
extraction of a fraction of proved reserves as production. Production from a given stock of proved reserves is
determined by use of the assumed production-to-reserves ratio.
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Cogeneration

Cogeneration of electricity by EOR projects is determined by a streamlined algorithm. This method assigns a level
of new cogeneration capacity based on the EOR expansion from new projects. Electricity from existing capacity
occurs according to assumed utilization factors.

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 arégh)s section provides asverview of thebasic 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 8).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, asell asthe discovery of aewfield is dependent oitis 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.

Calculation of Costs

Costsdiffer within the modefor successful wells ardty holesCostsare categorized functionally within the
model as:

e Drilling costs

e [ease equipment costs

e 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 tpetclude drilling in certain locations within a region is modeled by
reducing the recoverable resource estimates for the total region.
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Figure 8. Flowchart for the Alaska Oil and Gas Supply Module
For each period t: Economic & Physical Data

'

Estimate transportation costs

______________ ‘_____________

NEW FIELDS
Determine DCF for next discovery size
False
DCF >0
True
Determine outcome for allowable number of New Field Wildcats
Add any successes to inventory of development projects
Record
- Drilling
- Reserve additions
- Financial expenditures
______________ - —————|-—
DEVELOPMENT > ] <
PROJECTS - Compute DCF for project

False .
{@ Suspend operation

True

Continue project, record
- Drilling
- Financial expenditures

Project
complete

Go to next project

PRODUCING FIELDS For all fields, compute production (PROD)

False

ROD>QMI

True

Record production Shut down, remove field

4-26 Energy Information Administration/Oil and Gas Supply Module Documentation



Each cost function includes a variable that reflects the cost savings associated with technological improvements.
Such declines would be relative to what costs would otherwise be. Technological improvements lower average
costs of the affected phase of activity. As suchlaiver costs reflect changes in the cost of either the supply
activity or environmental compliance. The value of this variable is a user option in the model. The equations used
to estimate the costs are similar to those used for the lower 48 but include costs of elements that are particular
to Alaska. For example, lease equipment includes gravel pads.

Drilling Costs

Drilling costs represent the expenditures for drilling successful wells or dry holes and for equipping successful
wells through the "Christmas tree", the valves anddttiassembled 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. Drillinstgdor exploratory wells include costs of support equipment such

as ice pads. Lease equipment required for productioclisled as aeparate cost calculation, acmvers
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,) (57)

where,

= well class(exploratory=1, developmental=2)

I
r = region
k = fueltype (0il=1, gas=2)
t = forecastyear
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 TECH1. Observe that drilling costs are
not modeled as a function of the activity level as they are in the Onshore Lower 48 methodology. The justification
for this is the relative constancy of activity in Alaska as well as the specialized nature of drilling inputs in Alaska.

Lease Equipment Costs

Lease equipment costxlude thecost of all equipment extending beyond the Christmas tree, directly used to
obtain production from a drilled leaggostsinclude: producing equipment, the gathering system, processing
equipment, and production rigld infrastructure such as gravel pads. Producing equipment costs include tubing
and pumping equipment. Gathering system costs consist of flowlines and manifolds. Processing equipment costs
account for the facilities utilized byuscessful wells. The lease equipment cost estimate for a new oil or gas well

is given by:

EQUIP,, = EQUIR, ;. * (1 - TECH2)(t - T,) (58)
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where,

r = region
k = fueltype (0il=1, gas=2)
t = forecastyear
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 dowrinto 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) (59)
where,

r = region

k = fueltype (0il=1, gas=2)

t = forecastyear

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 a region.

Treatment of Costs in the Model for Income Tax Purposes
All costsare treated foncometax purposes asither expensed or capitalized. Thg treatment ithe 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 &ffiertfmllowing assumptions, reflecting
current tax law, are used in the calculation of costs.

e All dry-hole costs are expensed.

e A portion of drilling costs for successful wells are expensed. The specific split between expensing
and amortization is determined on the basis of the data.

e Operating costs are expensed.

e All remaining successful field development costs are capitalized.
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e 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.

e |ease equipment for existing wells is in place before the first forecast year of the model.

Tariff Routine

In general, tariffs are designed to enable carriers to recover operating and capital costs for a given after-tax rate
of return. The Trans Alaska Pipeline System (TAPS) tariffeermined by dividing théotal revenue
requirement for a year by the projected throughput for that year. The total revenue requirement is composed of
eight elements as defined in the Settlement Agreement date@d8lub@85between thé&tate of Alaska and

ARCO Pipe Line Company, BP Pipelines Inc., Exxon Pipeline Company, Mobil Ala