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1. ,I'ntroduCtiloh;

The purpose of this report is to define the objectives of the Oil and Gas Supply Model (OGSM), to:descnl)e the
model's basic approach, and to provxde detail on how the model works. This teport is intended as a reference

' ) document for model analysts, users, and the public. It is prepared in accordance with the Energy Information |
Administration's (EIA) legal obligation to provide adequate documentation i in support of its stausucal and

- forecast: reports (Pubhc Law 93-275 Section 57(b)(2).

- Projected productton estxmates of Us. crude oﬂ and natural gas are based .on supply functions generated
endogenously within National Energy Modeling System (NEMS) by the OGSM. OGSM encompasses domestic
- crude oil and natural gas supply by both conventional and nonconventional recovery techniques. Nonconventional
recovery includes enhanced oil recovery (EOR), and unconventional gas recovery (UGR) from tight gas -
formations, Devonian shale and coalbeds. Crude oil and natural gas projections are further disaggregated by
geographic region. OGSM “projects U.S. domestic oil and gas supply for six Lower 48 onshore regions, three
offshore regions, and Alaska. The general methodology relies on forecasted drilling expenditures and average
drilling costs to determine exploratory and developmental drilling levels for each region and fuel type. These .
projected drilling levels. translate into reserve addttlons, as well as 2 mod:ﬁcatlon of the producuon capamty for'
each reglon : , . , . _ ,

OGSM also represents forexgn trade in natural gas, 1mports and exports by entry reglon Foreign gas trade may
“occur via either pipeline (Canada or Mexico), or via transport ships as liquefied natural gas (LNG) These unport B
supply functions are critical elements of any market modelmg effort . \

,OGSM uuhzes both exogenous input data and data from other modules within NEMS. The primary exo genous.
_inputs are resource:levels, finding rate parameters, costs, ptroductton profiles, and tax rates - all of which are

~ critical determinants of the expected returns from projected dnlhng activities. Regional projections of natural gas
wellhead prices and production are provided by the Natural Gas Transmission and Distribution Module
(NGTDM). From the Petroleum Market Model (PMM) come projections of the crude oil wellhead prices and
_production at the OGSM regional level. Important econornic factors, namely. interest rates and GNP(GDP)
deflators flow to OGSM from the Macroeconomic Module. Controlling mformauon (e.g., forecast year) and. -
. expectations mformauon (e 2., expected price paths) come from the integrating, or system module

Outputs from OGSM g0 to other 01l and gas modules (NGTDM and PMM) and to other modules of NEMS.
NGTDM and PMM employ short-term supply functxons, the parameters for which are provided by OGSM for -
oil and gas production and natural gas imports. The short-term supply functions reflect potential oil or gas flows
to the market for a one year period. These functions are used by NGTDM and PMM for the determination of
equilibrium prices and quantities of crude oil and natural gas at the wellhead. OGSM also provides projections
of natural gas production to PMM to estimate the corresponding level of natural gas liquids production. Other -
NEMS modules receive projections of selected OGSM variables, for various uses. 011 and gas production and
resultant émissions are forwarded to the Systems Module. Forecasts of oil and gas producuon, as well as capital

~ expenditures at the' wellhead go to the Macroeconomm Module to assxst m forecastmg aggregate measures of ’

- -capital and output ~ : :
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OGSM is archxved as part of thc National Energy Modchng System (NEMS) The archival package of NEMS

is located under the model acronym NEMS96. The version is that used to produce the Annugl Energy Outlook |

1996 (AEO96 ). The packagc is avaﬂable through the Nanonal Technical Information Service. The model contact
~ for OGSM is: .

Ted McCallister .
Room 2H-026.

. Forrestal Building

* Energy Information Adnnmstratlon
1000 Independence Avenuc, S.W.
‘Washington, D.C.
Phone: 202-586—4820

) ThlS OGSM documentauon report presents the followmg major topxcs concermng the model

e Model pu:pose ,
o Modcl overview and rationale
; Model structure | |
° Inventory of input data, péraﬂ&t,or estimates, and modcl o-uqmt, o

@ 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 data received endogenously (within' NEMS) from the Natural Gas Transmission and -

~ Distribution Model NGTDM) and the Petroleum Market Model (PMM). To accomplish this task, OGSM does -
not provide production forecasts per s, but rather parameter estimates for short-term domestic oil and gas
production functions and natural gas import functions that reside in PMM and NGTDM. - o

'PMM and NGTDM utilize the OGSM supply functions during a solution process that determines tegional
wellhead market-clearing prices and quantities. After equilibration is achieved in each forecast year, OGSM .
-~ calculates revised parameter estimates for the supply functions for the next year of the forecast based on: -

" equilibrium prices and quantities received from PMM and NGTDM. OGSM then sends the revised parameters

to NGTDM anid 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 demand and supply. The basic interaction between OGSM and the other oil and gas modules is
" tepresented in Figure 1. Controlling information and expectations come from the System Module. Major
 exogenous inputs include resource levels, finding rate parameters, costs, production profiles, and tax rates - all
of which are critical determinants of the oil and gas supply outlook of the OGSM. ‘ a '

OGSM operates on a regionally disaggregated level, further differentiated by fuel type. The basic geographic
 regions are Lower 48 onshore, Lower 48 offshore, and Alaska, each of which, in turn, is divided into a number
of subregions (see Figure 2). The primary fuel types are crude oil and natural gas, which are further disaggregated
based on type of deposition, method of extraction, or geologic formation. Crude oil supply comprises production
from conventional and enhanced oil recovery technigues. Natural gas is differentiated by nonassociated and.
associated-dissolved gas.! Nonassociated natural gas is categorized by conventional and unconventional types.
Conventional natural 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 consists of resources in tight sands, Devonian shale, and coal bed methane
formations. / T ' . . : S

OGSM pr'ovidcs mid;term (15 1020 y'cat)kforeéésts, as well as serving as an analytical tool for the assessment
of various policy alternatives. One publication that utilizes OGSM forecasts is the Annual Energy ‘Outlook
(AEO). Analytical issues OGSM can address involve policies that affect the profitability of drilling through
impacts on certain variables including: : - , S D o
. drillitr_ig‘cos‘ts,
] productibn Coscs,

e regulatory or lqgislaﬁvely mandated environmental costs,

"Nonassociated (NA) natural gas is gas ot in contact with significant quantities of crude il 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).

‘ Eﬁérgy' information Administration/Oll and Gas Supply Module Documentation : : ‘ 2-1.




Figure 1. OGSM Interface with Other Oil and Gas Modules -
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"o key taxatlon provrsrons sud1 as severance taxes, State or Federal income taxes, depreexatron schedules
. and tax credits, and ‘ : ) o P

| e the rate of penetratron for dlfferent teelmoiogles mto the mdustry by fuel type
‘The cash flow approach to the determmatxon of national expendrture levels enables OGSM to address some : )
financial issues. In particular, the treatment of financial resources within OGSM allows for explicit consideration .
of the financial aspects of upstream capital mvestment in the petroleum industry. . \
" 'OGSM is also useful for policy analysrs of resource base issues. OGSM analysrs is based on exphcrt estimates
for economically recoverable oil and gas resources for each of the sources of domestic production (i.e:, geographic
region/fuel type combinations). This feature allows the model to be used for the analysis of issues involving:

o the uncenainty smrotmding the eeononﬁcally’reeoverablie oil arld ges resorirce estimates and

® access restrictions on much of the offshore Lower 48 states, the wilderness areas of the onshore '

‘Lower 48 states, and the 1002 Study Area of the Arctic National Wildlife Refuge (ANWR)

In general, OGSM will be used to fostm' a beiter understandmg of the mtegral role that the oil and gas extraction
industry plays with respect to the entire 011 and gas mdustry, the energy subsector of the uU.s. economy, and the
total uUs. economy , ,
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Figure 2. Oil and Gas Supply Regions
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3. Model R’Aational'e and Overview

Introductnon o

- This chapter provrd& a brief overview of the ranonale and theorencal underpmmngs of the methodology chosen

- for the Oil and Gas Supply Module (OGSM). First a classification of previous oil and gas supply modeling
methodologies is discussed, with descriptions of relevant supply models and comments on their advantages and
. dlsadvantages This leads to a discussion of the rationale behind the. nlethodology adopted for OGSM and its
various submodules, mcludmg the onshore and offshore Lower 48 states (excludmg enhanced oil recovery),

. foreign natural gas supply submodule and the Alaska submodule

Overwew of oil and Gas Supply Modelmg Methods

Oxl and gas supply models have relied on a vanety of techmques to forecast future supphes These techmques
- can be categorized generally as geologlclengmeenng, econometric, “hybrid" -- an approach that combines
geologic and econometric techmques, and market equilibrium, The geologxc/engmeermg models are further'
, dlsaggregated into play analysrs models and dlscovery process models ‘

-

| GeoioglclEngmeermg Models
' Play Analys:s : |

~ Accordmg to the U S. Geologrcal Survey (USGS), a play is a group of geologrcally relared known or -
undiscovered ‘accumulations (prospects) having similar hydrocarbon sources, Ieservoirs, traps, 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 drilling. Play analysis relies on detailed geologic data and subjective .
probability assessments of the presence of oil and gas. Seismic information, expert assessments, and information

- from analog areas are combmed 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 addmons and productxon
' forecasts : . . . :

An example of a play analysm model is EIA's Outer Continental Shelf Oil and Gas Supply Model (OCSM)1

which was developed during the late 1970s and early 1980s. The OCSM used a ﬁeld-srze—drslnbuuon approach

to evaluate Federal offshore supply (including production from the Gulf of Mexico, Pacific, and Atlantic offshore

regions). The OCSM drew on a series of Monte Carlo models based on the work of Kaufman and Barouch?
' These models started with lognormal field-size distributions and examined the order in which fields are
: dtscovered The OCSM also drew onan alternative approach taken by Drew et al * which was an extension of

‘Outer Contmental Shelf ( OCS) Oil and Ga.s Supply Model Volume 1, Model Summary and Methodolagy Descrzpnon, Energy =

- Information Administration, Washington, D.C., December 1982, DOE/EIA-0372/1. and Farmer, Richard D., Harris, Carl M., Mmphy :
Frederic H., and Damuth, Robert J;; "The Outer continental Shelf Oil and gas Supply model of the Energy Informahon Administration,” L0

North-Holland European Journal Of Operation Research, 18 (1984), pages 184-197.

2Kaufman, G.M., and Barouch, E., “The Interface Between Geostansncal Modelmg of Oil and Gas stcovery and Economrcs
' Mathematical Geology 10(5), 1978

*Drew, LJ., Schuenemeyer, J.H., and Bawiec, W.J., Estimation of the Future Rate of Ozl and Gas Dzscovery in the Gulf of Mexico,
u.s. Geologlc Survey Professrona.l Paper No. 252, Reston VA, 1982 .
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: the Arps and Roberts approaeh to resource assessment,* fallmg between snnple extrapolahon and Monte Carlo.

. simulation. This’ altematlve approach explicitly represented an exponentially declining exploration efficiency
factor (in contrast to that of Kaufman and Barouch, in which 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 detenmmng an aggregate fmdxng rate) --all approach mvolvmg massive
. data reqmrements

, Key drfferences between the OCSM and other ﬁeld—sxze—dlstnbutxon models mcluded the fact that OCSM was
‘based on (a) geological data on undiscovered structures obtamed from the U.S. Department of the Interior (as
opposed to data simulated from aggregate regional mformauon), (b) a highly detailed characterization of the

. supply process, (¢) a relatively sophisticated treatment of uncertainty, and (d) explicit consideration of investment -

. decrsxons at the blddmg, development and producuon stages, m addition to the explorauon stage.

Although the OCSM had many superior qualmes, it was hxghly resource mtenslve In partrcular, the OCSM
required (a) maintenance of a large database on more than 2000 prospects in thirty offshore plays, (b)
_ considerable mainframe CPU time to execute completely, reﬂectmg the hlghly complex algonthmlc and
* programming routines, and (c) maintenance of a wide range of staffing skills to support both the model and the
_underlying data. Since all these problems violate basic key attributes required of an oil and gas supply model
operatmg in the NEMS envxronment, adoptmg a similar play analysxs approach for the OGSM was rejected.

Drscovery Process

" Kaufman, Balcer and Knuyt descrﬁ)ed drscovery process modelmg as "bmldmg a model of the phys:cs 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. Dlseovery process -

models reflect the dyriamics of the discovery process and do pot require detauled geologlc information. They rely
instead on historical exploratory dnllmg and d1seovenes data.

Although the detaﬂs of discovery" process models vary, they all rely on the assumption that the larger the orl or

gas field, the morehkely it will be discovered. This assumption Jeads to drswvery rates (the amount of oil orgas -

found per unit of exploratory effort) that typically decline as.more of an area is explored. Discovery process .

- models usually specify a finding rate equauon using a functional fonn such that dxscovenes decline wnh '
. cumulanve dnllmg ,

Dlscovery process models have gmerally been apphed o speclﬁc geologic basins, such as the Denver-Julesburg o
basin (Arps and Roberts 1959). They have also been used in studies of the Permian Basin® and the North Sea. )
Discovery process models do not usually i incorporate economic variables such as costs, proﬁts and nsle Retums

Cto exploratory effort are represented in terms of wells dﬂlled or reserves dlseovered ‘

. Smce there are generally 110 €COROMIC components, dlSCOVCl’Y process rnodels cannot project ume paths of future
: dnllmg and reserve additions without using ad hoc constraints (for example constraints on rigs or expenditures).
‘The constraints chosen become to some extent decrdmg 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. o

*Arps, 1., and Roberts T.G., "Economics of Dnllmg for Cretaceous Orl on East Flank of Denver Julesburg Basin," Amerzcan f
Assoczanon of Perroleum Geologxsts Bulletin 42, 1958,

8 *Future Supply of Oil and Gas ﬁom the Permzan Basm of We.rt Texas and Sowkeastem New Mexzco U S. Geologwal Survey
. Washington DC, 1980 : _
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The OGSM is intended to support the market analysw requircmms of NEMS, thus it mcludes both an economic
~ and a geologic component. A model of industry activity was developed for the OGSM that predicts expenditure

and drilling levels each period of the forecast horizon. The estimated levels of drilling are used to determine oil '

and gas reserve additions mwchpmodthroughaﬁndmgrateﬁmchon The modular nature of OGSM does allow

for future consideration of an alternate geologic approach such as a pure discovery process model: Whereas many .~ K

discovery process models specify one finding rate function, OGSM uses three to capture the varying. mﬂuencos '
of new ﬁeld wildcat, other exploratory, and devclopmcnt dnllmg on the dxscovery process :

\

o Econometnc Models

Many econometnc modcls do not include a dcscnptlon of geologrc u'ends or charactensucs -- for example,o .
average discovery sizes do not vary systemancally with cumulative exploratory drilling as in discovery process
models. Additionally, these 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 vanabl&e a hmnaﬁon that also applles,
for the most part to the geologxc/engmeenng models.

Recent econometnc modcls havc made some mroads in overcoming thesc problems Rational expectatlons : "
-econometric models have been dcvcloped by Hendncks and Novales and by Walls which are based on -

intertemporal optimization principles that incorporate uncertainty and inherently atlempt to capture the dyna:mcs‘
of the exploration process. ¢ Geologic trends also are accounted for though not in as much detail as they are in -
play analy51s and dlsoovery process models. : :

* These mprovements are not without cosL The theoreucal spec:ﬁcauons of rational expectauous econometric -
models must be highly simplified il order to obtain analytic solutions to the optimization problems. This feature
of these models means that it is impossible to describe the ol supply process with the level of detail that the more
_ ad hoc approaches allow. In addition, a long time series of historical data 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, becanse of the degree of

' mathcmat:cal complcxxty inthe models forecastmg and pohcy analysis often lnm out to be mtractable ' '

Eoonomctnc mcthods have been employcd pnmanly for studies ofa single region, elther a relatxvely lxrmted area
~ such as a single state 6r more broad-based such as the entire Lower 48 states. An example of the former is the
work by Griffin and Moroney (1985), which was used to study the effects of a state severance tax in Texas.
Recent work on large scale aggregate 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 fimction subjcct to linéar constraints on the
processes governing the stochastic variables that are outside the firm's control. In the Walls model, an oil
.exploration firm 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 cquanons of the model. However, in addition to other
oonmderanons, the model is so mathematically complicated that *...it is impossible to describe the oil supply '
process with the same level of detail as the ad hoc models. In other words, it is dlfﬁcult if not imipossible, to-.
model all of the stages of supply in a realistic way."” Such a model would not be appropnate for the intended role
of NEMS, although it can be qmte useful in other applications. ' .

i

“Hendricks, Kenneth and Alfonso Novales, 1987 Estitnation of dynanuc mvestment function in oil exploration, Draft manuscnpt
" Walls, Margaret A.. 1989, Forecasting oil market behavior: Rauonal expectations analys:s of f pnce shocks Paper EM87-03 (Rwources :
for the Future, Washington, D.C.)

" "Walls, Margaret A., Modeling and foreca:tmg the mpply of il and gas: A survey of exzstmg approaches Resources and Energy
- 14.(1992), North Holland p301. :
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o Hybnd Models

. Hybnd models are an 1mprovement 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 estimates the response of drilling to economic variables. In this way,
a time path’of drilling may be obtained without sacrificing an ‘accurate descnption of geologic trends. Sucha

~ hybrid approach has been directly implemented (or incorporated indirectly, using the results of hybrid models)
under a variety of methodological frameworks. Such frameworks include the system dynamics methodology used
. in the FOSS]LZ model, Whlch underlies the recent National Energy Strategy and DUMeErous related stud:es ,

 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 an economic component to provide costs for exploration, development and production of oil and gas
accumulations. Overall mdustry actmty is subject to an econometncally determined financial constraint.

; The American Gas Assomatlons Total Energy Resource Analys1s model (TERA) employs an econometnc ,

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 outlook. New supplies flow from discoveries that depend

~ on a finding rate. This finding rate does not rely on an explicit resource estimate, but does reflect resource

~depletion given cumulative increases in reserves. Technology influences. the finding' rate, but it primarily
mamfests itself in lower costs by reducmg the number of dry holes experienced in the supply process.

Data Resources Inc's oxl and gas supply model also employs a hybnd approach Lower 48 exploratory dnlhng
depends on projected net revenues. Developnmtal drilling is a fumction of lagged exploratory wells. New supplies
occur from discoveries that depend on a finding rate. The finding rate itself is based on an analysis of recent
trends in observed data. The extrapolative technique used does not incorporate an explicit estimate for -
economically recoverable Tesources. Technology is not exphcxt within the model but itis treated on an ad hoc
basxs «

‘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 models that concentrate on the economic forces that efficiently balance markets across
regions without explicit representanon of other fuel market conditions. Consideration of the processes that alter
~ supply and demand are not necessanly modeled in detail; styhzed regional supply and demand curves are -
postulated : .

An example of a market—equihbnum model is Dec181on Focus Im.orporated'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- techmcally recoverable resource base. o

) S_upply regions are linked to demand regions throughont the United Statés and Canada bya 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- spec1ﬁed 12 in the United States and 5 in Canada. Each region has its own gas supply
curve based on estimates of the resource base and associated costs of discovery and development from the
- Potential Gas Commrttee (Umted States), the Canadran Energy Research Insumte and the Canadran Natronal
Energy Board ' . _ . L

The partral eth‘bnum nature of these models is oontrary to the requxrements of an oil and gas supply model .
operating within the integrated environment of NEMS. Moreover, the solution from a market eqm]ibrmm model .

- consists of a volume of gas produced, rather thana supply schedule as required by the Natural Gas Transmission

and Demand Model. Finally, the forecasting mpabxhtres of this approach are open to question given that many R
~of the key parameters are not sub_;ected to the drscrplme of validation agamst hrstorxcal data. . ‘

OGSM Ratlonale

None of the models described are able to address all the issues that would be reqmred of the OGSM. For example, |

- some models might have reasonable representations of the onshore supply process, but completely lack an-

. offshore or unconventional fuel oomponent. Some models only provide a representation 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 entvironments. OGSM had to be developed keeping in mind the overall goal of NEMS -

the ability to address many of the hkely physrcal and policy variables that mrght affect future US.oiland gas -

- supplies.

An important otmsrderatlon regarding many of the models discussed above is that they typically ténd to be hrghly

Tesource mtensrve, both (a) in terms of personnel requirements for development and maintenance and (b) ini terms

- of execution time and other computational resource requirements. It was for these reasons that the OCSM model ‘
the EIA's offshore play-ana.lysrs model was uIUmately retired. : ,

Another drfﬁculty th.h many of these models is that the relatronshlps in the models are typrcally 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 aresult, the models cannot project time paths of future oil and gas supply without ’

the use of ad hoc constraints that turn out to be rmportant deterrmnants of the forecasts generaxed by the models. -

Aocordmgly the OGSM uses some features of the dlscovery-proeess approaeh but does niot employ any of the
traditional drscovery 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 attributes, model transparency and model efficiency. The OGSM, as a regionally aggregated discovery-
;- process model, does not determine activity levels on the basis of an explicit econormic evaluation of discrete -
. production units, such as individual producing fields (oil and gas from Alaska is the exception). The requirements
for performing a disaggregated field analysis were prohibitive in the context of the timie and resources needed to
_develop and maintain such an approach, without necessarily affectmg the modeling results appreciably. The
OGSM,; however, simulates endogenously separate discretionary levels for exploratory and developmental drilling
- . in contrast to the fixed relationship between exploratory and developmental drilling that charaetenzes many other
'models : . :

The Alaska Oil and Gas Supply Submodule (AOGSS) and the Tiquefied natural gas (LNG) component ofthe
‘Forengn Natural Gas Supply Submodule (FNGSS) are the exoepnons to the above paragraph Both methodologles ,

®Meéxico has been mtroduced into the model asa net nnport flow in-recent work for the Natronal Petrolenm Councrl s Natural Gas :
. Study

. °See, for example Reqwremems fora Natzonal Energy Modelmg Syszem, December 1991 and Recommended Design for the
National Energy Modelmg System, October 1991 o
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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 facilities and its subsequent conversion into

The remainder of this section provides a brief discussion of the rationales and methodologies of the OGSM's
submodules. o -

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 the OGSM." The geology is represented in the model's discovery-process .

‘components, while the economics of exploration, development, and production are captured by the model's
econometric equations component. The methodology was designed for two basic purposes: (1) to generate
forecasts of future drilling activity, and oil and gas supplies under alternative scenarios and (2) to 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 requi;emgnts in a transparent and efficient manner, while
simulating the supply behavior of the oil and gas industry and incorporating essential behavioral and physical

* relationships without resorting to extraordinarily complex functional forms and/or algorithms. By

" The Lower 48 states component is comprised of 118 equations, with 311 parameters. ‘Exploration and -
~ development expenditures are determined using a partial recursive model, with oil and gas prices the principal-
driving variables as they affect expected profitability for drilling investments. Regional il and gas prices are
determined exogenously from the OGSM and are received from the Fetroleum Market Module and the Natural
'Gas Transmission and Distribution Module respectively. ' L :

Drilling levels are determined by the industry's overall level of investment in exploration and development.
Relying on basic research on the determinants of business investmert, it is assumed that the industry's level of
 domestic exploration and developmental drilling expenditures is deteninined by several major factors, including:
the expected profitability of domestic exploration and developmental 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 paribus. The number of wells drilled in each region is derived by dividing regional expenditures by
average drilling costs. ~ e ‘ S o : : : '

The expmdlture 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 explanatory variables given 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 multiple constraints seemed inefficient
relative to forecasting directly from the estimated historical relationships. This is especially critical given that
NEMS requirements include the goals of quick execution and the ¢fficient utilization of computer resources. -

Second, the linear programming approach requires the explicit specification of the objective function whilean

econometrically based approach does not. If the true objective function is unknown or cannot be specified without

adding undue complexity and computational burden to the model, then an econometric approach is more sensible. -

-\ slightly different approach was empioyed to represent EOR supply activities and this method is described in the following
section. : o S S
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 For empirical purposes, implementation of the econometric approach does not requirc‘spcciﬁcaﬁt/m of an explicit
objective function, but only the identification of explanatory 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 on the basis of expleration and developmental
drilling expenditures, which in tun are based on expected profitability, is certainly in line with the methodologies
~ of several other respected oil and gas supply models. For example, overall industry drilling activity in the
' Hydrocarbon Supply Model (HSM) of the Gas Research Institute (GRI) is subject to an econometrically
. determined financial constraint. The Total Energy ResoméqAnalysiS (TERA) model of the American Gas

Association (AGA) employs an econometric approach to determine changes in aggregate lower 48 onshore - |

 drilling based on a profitability index. The DRI/McGraw-Hill (DRI) model forecasts exploratory drilling on the
basis of prejected net revenues. Though the specific details differ across the models, their unifying trait 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 expenditure levels by estimates of drilling costs per well, which vary by region and fuel type. Based on
historical proportions, exploratory wells are separated into new field wildcats and other exploratory wells.
Differentiation between types of exploratory drilling is a feature that is not found in most other hybrid models.
Tt enables the discovery process component 10 more realistically model the reserves additions process.. '

Proved reserves comprise the only source for producﬁdn, and the dis;iovery Tproccs,s is the means by which
nonproducing resources (i.e:, undiscovered economically recoverable resources ot inferred reserves) are converted

into provéd 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 discovery processes are specified: new field -

" discoveries from new field wildcats, field extension volumes from other exploratory drilling, and reserve revisions

- dueto developmental drilling. New field wildcat discovery volumes are separated into proved and inferred

reserves based on the historical relationship between a field's ultimate recovery and its initial discovery size. -
Inferred reserves are converted into proved reserves in later periods through other exploratory and developmental
drilling. This differentiation in finding rates provides - a more accurate rcpresentation 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. . . o

Enhanced Oil Recovery Supply

The Enhanced Oil Recovery Supply Submodule (EORSS) uses a. modified form of the previously described
- methodology, which is used for conventional oil supply and all natural gas recovery 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 r,eprescntation,maydiffer' in the particulars. This section presents a-
 discussion of the general differences between the methodologies. IR ‘ B

. 'The basic sﬁpply 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 process involve 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 are directed more heavily -to exploration and development
opportunities that have greater expected profitability. - ‘ : C-
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. The 51g1nﬁcant dlfferenoes between the mahodology of the EORSS and the other submodules of OGSM concem - -
the conversion of unproven resources 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. The EORSS uses discovery factors that convert a specified fraction =

of unproven resources into proved reserves. These factors depend on the expected proﬁtabxhty of EOR
investment oppoxtumtles, and not on dnllmg levels.

Greater expected financial returns motivate the conversion of large1 fractlons of the resource base into proved ‘
- reserves. This is consistent with the pnnmple that funds are directed toward projects with relatively higher returns.
. .- An explicit determination of expenditures for supply activities does not occur within the EORSS as it doesin the - - -
"~ OGSM. Given the role of the discovery factors in the supply process, the implicit working assumption is that -
'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 less heavy oil most often ylelded by conventxonal prOJects that this
assumptton is oon51dered appropnate :

Forelgn Natural Gas Supply :

The Foreign Natural Gas Supply Submodule con51sts of three key components: Canadlan gas trade, liquefied
natural gas ALNG) trades and gas trade with Mexico, Different methodological approaches were taken for each
~ component in recognition of ‘inberent differences between the various modes of import and the different
. circumstances affecting both supply capacity in the source country and its potenual availability to the United
States. The process by which Canadian gas flows to the United States is essentially the same process as that for ~
U.S. supplies in the Lower 48 states. LNG imports are very different however, with available regamﬁcatmn ’
- capacity and the unit costs of transportation, liquefaction, and regasification being the most important
determinants of import volumes. Production costs in countries currently 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 penod,\endmg 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 tlurd scenano—based approach was chosen to model
gas imports from this source. - :

The Forelgn Natural Gas Supply Submodule is compnsed of approx1 mately 23 equations, w1th 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 and are received from the Peu'oleum Market Module and the Namral

~Gas Transmission and D1stnbut10n Module respecttvely :

Canadlan Gas lmports

Gas imports from Canada are modeled using a hybrid approach s1m1l¢u' 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 analysis purposes. The discovery process component relates reserve additions per . -

period to wells drilled. Like the Lower 48 module, itis assumed that the size of the ﬁnd declines exponentially
with cumulative dnllmg o v .

Ahybrid method was chosen for modelmg Canadlan gas supplies smce this approach most effectlvely meets the
numerous analytical requirements of OGSM. Also, sufficient data are available for the Canadian oil and gas
mdustry Finally, although thls approach isa somewhat sunphﬁed version of the Lower 48 methodology (for

~
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g example, exphcrt dnllmg expendltures are not esumated in “the Canadran model), the two models are.
methodologrca]ly consxstent :

: -L:queﬂed Natural Gas

'LNG has been mcluded as an exphcrt element of some natural gas models LNGis represented in one of two

. ways, dependmg 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).!1 It also has been added to an expanded version of the Hydrocarbon Supply'
Model (HSM) that was used for the Natmnal Petroleum Councll Natural Gas Study (1992)

Global trade models are based ona dxsaggreganon of the world in which coumnes or groups of countries are’

- separated into consuming and producing regions. Each region has a stylized representation of supply and demand. n ‘

Regions are connected via  transportation network, characterized by interregional transportation costs and flow
‘constraints. LNG is incorporated into global trade models as possible gas trade between two noncontiguous
- countries. The model solves for the most efficient regional allocation of quantities and corresponding prices. The -
extensive scope of these models (and commonly encountered limitations of the necessary data) does not allow :
for detaﬂed representatlons of gas snpply or demand. ' - :

Thei mcorporauon of LNG trade into each model generallyhas occurred as an enhancement of established models '
- Both LNG imports and exports are included, with LNG exports from Alaska as an exogenous factor. LNG

imports are represented as gas supply available to the appropriate U.S. regions according to a prespec:lﬁed -

- schedule reflecting industry announcements. The model solution mcludes an endogenous determ:nat:on of flows
through LNG facﬂmes and new capacity in response to pnce :

, The LNG algonthm in OGSM dszers from the OGSM supply approaches for domestlc and Canadian producuon ,
It utilizes supply curves for LNG imports, but it does not model explicitly the exploration and development
process. These supply curves are based on the estimated cost of delivering LNG into the pipeline network in the
United State and include all costs associated with production, liquefaction, shipping, and regasrﬁcauon 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 operauonal assumptxons were made on current 1mport termmal .
capacrty and the tumng of planned capacu:y expansmns . .

Gas Trade w:th Mex:co

 Gas trade between the United' Stales and Memco tended to be overlooked in earlier modelmg efforts "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 Unitéd States and Mexico were srgmﬁcant. Addmonally, .

reliable data regardmg Mexican' gas potentral were not readlly avallable o

A scenario basis was chosen to handle gas 1mports from Mexico because of uncertamty and the' sxgmﬁcant
‘influence of noneconomic factors that affect Mexrcan gas trade with the United States. Much 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 the United States. Many of the models described previously make use of such
~ exogenous offline analyses to forecast certain variables. For example, DRT's offshore oil and. gas productron

forecasts are handled ofﬂme and integrated later into their main forecastmg model. : :

' The World Gas Trade Model (WGTM) basically is a global expansxon of the NARG, using the Generalized Equilibrium Modeling
System (GEMS). 'I'ms model will not be descnbed in detail because of the extreme sxmrlanty of the two models S
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’ ‘Alaskan Oll and Gas Supplles

i

Alaskahas a hrmted history as a source of s1gmﬁcant volumes of crude oil and natural gas. Initial commercxal :
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 oil or gas supplies arose after the late 1960s discovery of the Prudhoe Bay

- field, which is the largest in North America. Durmg the years since the mid 1970s, there have been numerous

special studies of either a one-time nature or limited in scope. An early study by Mortada (1976) projected
expected oil production through 2002.* The results of this analysis were used in Congressional hearings '

regarding the construction and operation of the Trans-Alaska Pipeline System (TAPS). A Department of the

* Interior (DOI) study (1981) analyzed the supply potent:al of the National Petroleum Reserve - Alaska (NPRA).
-This work was used in the consideration of leasmg thc NPRA for erplorauon and developmcnt

Generahzod models that deal w;th 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 1epresentat10n in their domestic production
" 'models. Generally; forecasting - groups either adopted a projection from another ‘agency, or utilized other
projections as the basis for selected ad hoc modifications as appm]pnate The latter approach occurs in EIA's
. previous modelmg work regarding . Alaskan supply in PROLOG o

- Thls seemmg inattention to bmldmg an Alaska oil and gas supply model arose 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 period length 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 éecade at the earliest, because -
of the lack of facilities to move the gas to Lower 48 markets and the interest of the operators and the State of -
-Alaska in using the namral gas to maximize recovery of oil from Prudhoe Bay.

The prcsent mcthodology for the: Alaska Oil and Gas Supply Submodule (AOGSS) 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 operations in Alaska and the lumted number of fields
do not lend themselves readily to application of the Lower 48 approach "

‘The AOGSS is dmdod into three components: new ﬁcld discoveries, clevelopment projects, and producmg fields. .
A discounted cash flow method is used to determine the economic viability of each project at netback price. The

netback price is determined as the market price less intervening tnmsportatlon costs. The continuation of the
- exploration and development of multi-year projects, as well as the discovery of a new field, is dependent on

- profitability. Production is determined on the basis of assumed drilling schedules-and production profiles fornew
fields and development projects, and hlstoncal producuon pattems and announced plans for currently producmg
fields. '

The AOGSS is oompnsed of approximately 11 basic equatxons ()11 and gas pnccs are the prmcxpal dnvmg' '
. variables and are received from the Petroleum Market Modulc and the Natural Gas Transmlssron and Distribution
- Module respectively. S ‘

2Mortada International, T7ze Determination of Eguitable Przcmg Levels for North Slope Alaskan Crude Oil, (0ctober 1976).
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4. ,lfllbd'el Structure
o r o : ,

Introduction

“Thiis chapter describes.the Oil and Gas 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 estimates representing crude oil and natural gas supplies by selected fuel types on a regional basisto
support the market equilibrium determination conducted within other modules of the National Energy Modeling
System (NEMS). The oil and gas supplies in each period are balanced against the regional derived demand for -

. the produced fuels to solve simultaneously for the market clearing prices and quantities in the disjoint welthead - .

and enduse markets. The description of the market analysis models may be found in the separate methodology
documentation reports for the Petroleum Market Module (PMM) and the Natural Gas Transmission and - -
Distribution Model (NGTDM). G ST e

Figure 3. Submodules within the Ol and Gas Supply Module

oGSM
Domestic Foreign ,
Oil & Gas Natural Gas |
. v Production |- R _ " Supply
Onshore = ‘ Uncohveﬁﬁonal Enhanced S -1 . Liquefied
 Lower4s f:::’; Alaska Gas . ol | Canada | |Mexico | | Natural
_ Conventional | Recovery - Recovery 8 Gas

The OGSM mirrors the activity of numerous firms that prddﬁéé,oil and natural gas from domestic fields

throughout the United States or acquire natural gas from foreign producers for resale in the United States or sell -

~ U.S. gas to foreign consumers. The OGSM encompasses domestic crude oil and natural gas supply by both"
f oonvennonal and nonconventional recovery techniques. Nonconventional recovery includes enhanced oil recovery
- (EOR), and unconventional gas recovery (UGR) from tight gas formations, Devonian shale and coalbeds. Crude
" oil and natural gas projections are further disaggregated by geographic region. The OGSM represents 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 methiodology is shaped by the basic principle that the level of investment in a specific activity is
determined largely by its expected profitability. In particular, the model assumes that investment in exploration
" and development drilling, by fuel type and geographic region, is a function of the expected profitability of -
. - exploration and development drilling, disaggregated by fuel type and geographic region. R )
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- The OGSM mcludes an enharmd methodology for estimating shon term oil and gas supply funcuons Short-term
is defined as a one year period in the OGSM. This enhancement i improves the procedure for ethbraung the
natural gas and oil markets by allowing for the determination of reg10na1 market clearing prices for each fuel, as '

' opposed to the prevrous modelmg system that only ethbrates markets ata natlonal market clearing pnce

- Output prices influence oil and gas supphes in dxstmctly different ways in the OGSM Quanutm supphed as the
result of the annual market equilibration in the PMM and NGTDM are determined as a direct result of the -
_observed market price in that period. Longer-term supply responses are related to investments required for
subsequent production of oil and gas. Output prices affect the expected profitability of these investment
opportumues as determined by use of a discounted cash ﬂow evaluauon of representauve prospects '

" The OGSM compared to the previous EIA nndterm model mcorporaltes a more complete and representauve
- description of the processes by which oil and gas in the economically recoverable resource base® convert to proved
reserves.? The previous model treated reserve additions primarily as a function of undifferentiated exploratory
~ drilling, The relatively small amount of reserve addmons ﬁom other sources was represented as oommg from
developmental dnllmg :

, The OGSM dxstmgmshes between dnllmg for new ﬁelds and that for additional deposxts within old ﬁelds This
enhancement recognizes important differences in exploratory drilling, both by its nature and in its physical and
~ economic returns. New field wildcats convert resources in previously undiscovered fields® into both proved

" reserves (as new: discoveries) and inferred reserves.* Other exploratory-drilling and developmental drilling add
- to proved reserves from the stock of inferred reserves. The phenomenon of reserves appreciation is the process

by which initial assessments of proved reserves from a new field discovery grow over time through extensions

and revisions. Tlus improved resource accountmg approach 1s miore consistent with recent literature regardmg
. resource recovery : \ :

" The breadth of supply processes that are encompassed wnhm OGSM results in methodologlcal differences -
between the lower 48 methodology and that for Alaska oil and gas production and forexgn gas trade. The present .
OGSM consequently comprises a set of three distinct approaches and cozrespondmg submodules. The label
OGSM as used 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 Oil and Gas Supply Submodule (AOGSS)

represents industry supply activity in Alaska. The Foreign Natural Gas Supply Submodule (FNGSS) models trade
in natural gas between the United States and other coumnes These distinctions are reﬂected in the presemauon
of the methodology in this chapter '

1Econonucazlly recoverable resources are those volumes consmlered to be of sufﬁcxent size and quahty for their ptoducuon to be
commercially profitable by current conventional technologies, under specified economic-assumptions. Economically recoverable
“volumes include proved reserves, inferred reserves, as well as undiscovered and cther unproved resources. These resources may be -
recoverable by techniques considered either conventional or unconventional. Economically recoverable resources are a subset of .
technically recoverable resources, which are those volumes produclble with current recovery technology and efﬁmency but without
- reference to economic viability. :

2Proved reserves are the estimated quantities that analysxs of geologlcal and engmeermg data demonstrate with. reasonable eertamty
to be recoverable in future years from known reservoirs under existing economic and operating condmons

3 Undtscovered resources: are located outside of oil and gas fields in which the presence of tesources has been confirmed by
exploratory, drilling, and thus exclude reserves and reserve extensions; however, they include resources from undiscovered pools within -
confirmed fields to the extent that such resources occur as unrelated accumulatrons controlled by dxstmctly separaxe structural features
or stratigraphic conditions. -
i *Inferred reserves are that part of expected ultimate recovery from known fields in excess of cumulanve productron plus cnrrent

- ‘reserves.
5See, for example, An Assessment of the Nawral Gas Resource Base of the Umted States, RJ. leey and W.L. Fxsher et al, 1988,
- and The Potential for Natural Gas in the Unued States, Volume II, National Petroleum Council, 1992.
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Several changes were made to OGSM for the AEO97. A new finding rate function was mcorporated that allows ‘

-~ technology to offset the effects of resource depletion. In the offshore submodule; the royalty calculations were -
. adjusted to account for the Outer Contmental Shelf Deep Water Royalty Rehef Act (Pubhe Law 105-58) (see
Appendix 4-A) N - 1 ~

The followmg sections describe OGSM grouped into four: conceptually dlstmct dmsxons The ﬁrst sectlon
- describes most oil and gas supply in the lower 48 states, including onshore lower 48 conventional oil and gas

supply, offshore oil and gas supply, and Unconventional Gas Recovery.® This is followed by the methodology - '. L
of the Enhanced Oil Recovery Supply Submodule, then the Alaska Oil and Gas Supply Submodule. The chapter

. concludes with the presentation of the Foreign Natural Gas Supply Submodule: A set of three appendices are |
- included following the chapter. These separate rcports provide additional detail on special topics relevant to the -

methodology. The appendices present extended discussions on the discounted cash flow (DCF) calculatlon, the

: determmanon of unit costs for dehvered LNG and the fmdmg rate funeuon

Lower 48 Onshore and Offshore Supply Submodule
” g Introductlon

Thts section deecnbes the structute of the models that comprise the lower 48 onshore (excludmg EOR) and the
Tower 48 offshore submodule of the Oil and Gas Supply Module (OGSM). The general outline of the lower 48
submodule of the OGSM is provided in Figure 4. The overall structure of the submodule can be best described
‘as recursive. The structure implicitly assumes a sequential decision making process. A general description of the
submodule's prmcxpal features and relationships computations is provided first. This is followed by a detailed
dlscussxon of the key mathemaucal fonnulas and computauons used in the solution algonthm :

-~ The OGSM receives regronal oil and gas pnm from the PMM and NGTDM respecuvely The PMM calculates

the regional oil prices as functions of the world oil price: Using demand functions received from the demand G

- modules, data on transportauon costs, and short-run supply functions of gas, the NGTDM determines the
. equilibrium wellhead price of natural gas for each region. Using these prices in conjlmctlon with data on’
~ production profiles, co co-product ratios; drilling costs, lease equipment costs, platform costs (for offshore only),
operating costs, severance tax rates, ad valorem tax rates, royalty rates, state. tax rates, federal tax rates, tax
credits, depreciation schedules, and success rates, the discounted cash flow (DCF) algorithm calculates expected
- DCF values in each period associated with _tepresentative wells for each region, well type (exploratory,
~ developmental), and fuel type (oil, shallow gas, deep. gas, and unconvennonal gas)

Intrareglonal E&D dnllmg expendltures by fuel type and regron are predlcted as functxons of the expected
proﬁtablhtles of the fuel and regmn-specrﬁc drilling actmty , o

The fuel and regron-speaﬁc E&D dnllmg expendlturcs are divided by reglonal estimates of representauve
drilling costs to determine the nuthber of wells drilled within each region per period for each well and fuel type.
- Based on reg;on-speclﬁc historical pattems exploratlon wells are-broken down into new: ﬁeld wﬂdcats and other -
exploratory wells ' : . . : : '

' "I‘he forecasted numbers of new ﬁeld wﬂdmts 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
dxsoovered in afield and the field's ultimate recovery, reserves from new ﬁeld dlscovenes are categonzed into

6Enhanoed oil recovery (EOR) supply was not zmplemented as-an endogenous source of produced oil as described in the Component '
Design Report for EOR. EOR producnon for the AEO94 was incorporated into: the model as an exogenous mput t0 OGSM. "
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Figure 4. Flowchért for Lower 4'8"States6nshor'e and Offsh‘ore'Oil,and Gas Submodules
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-_addltrons to proved reserves and inferred reserves. Inferred reserves are converted into proved reserves |
(extensrons and revrsrons) in later penods by dnllmg other exploratory wells and development wells i

Reserve -additions are added to the end-of-year reserves for the prevrous penod whtle the current period's
production (determined in the NGTDM and the PMM) is subtracted to yield the end of year reserves for the

. current period. These reserves along with an estimate of the expected production to reserves ratio for the next
'penod are passed | to the NGTDM and the PMM for use in their short-run supply functions. .

_The Expected Dlscounted Cash Flow Algonthm

. Foreach year t, the algonthm calculates the. expected DCF fora representative well of type I in region r, for fuel .

_ type k. The calculation assumes.only one source of uncertainty--geology. The well can be a success (wef)ora
‘failure (dry). The probability of success is given by the success rate; the probability of failure is given by one
minus the success rate. For expediency, the model first calculates the discounted cash flow for a representatwe
project, conditional on a requisite number of successful wells. The conditional project discounted cash ﬂow is
then converted mto the expected dxscmmted cash flow of a representanve well as shown below

N v L P

Onshore Lower48 Develapment o

A representauve onshore developmental prqect’ consrsts of one successful developmental well along with. the
associated number of dry holes. The number of dry developmental wells associated with one successful

development. well is given by [(IISR) 1] where SR represents the success rate for a development well ina R

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 productton
from the suceessful well assumed to commence in the current year.

For each year of the pro_;ect s expected hfettme, the net cash ﬂow is calculated as:

NCFON__, = (REV - ROY - PRODTAX - DRILLCOST - EQUIPCOST - . _ e
' OPCOST - DRYCOST - STATETAX - FEDTAX),, ; for i = | R
r-lthru6k—lﬂ:ru6$—tﬂ1rut+L . : t

where,
NCFON = annual undiscounted net cash ﬂow for a representatwe onshore development

- . °  project = - ‘
REV = revenue from the sale of the pnmary and co-product fuel

u ROY . = royalty taxes -

'PRODTAX = production taxes (severance plus ad valorem) /

" DRILLCOST = the cost of drilling the successful developmental well
" EQUIPCOST = leascequipmentcosts =
OPCOST = operating costs
DRYCOST =  costof drilling the dry developmental Wells
= ‘state income tax hablhty

~ STATETAX -

’Equahons (1) through (6) in this section and the fo].lowmg one deecnbe the eomputatlon of the expeeted discounted cash flow .

 estimate for a representative onshore exploratory or developmental well, denoted as DCFON, ,, in equations (4) and (6). An equivalent ~ .

.. set of calculations determine DCFOFF,,, ,, the expected discounted cash flow estimate for a representative offshore: exploratory or
. developmental well. In these equations, the suffix "ON" Jsrep]aced everywhere by "OFF,” with all other paructﬂars remaining the same.
" These a]temate equauons are not shown to avoid redundancy in the presentahon p .
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FEDTAX

federal i income tax habmty : '

well type (1 = exploratory, 2 = devel opment)

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

subscript indicating year of pro;ect life
~ current year of forecast . :

expected pro;ect hfetlme,

(I T IO (O | I 1

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

The unmscmmted net cash flows for-each year of the prOJect calculated by Equation (1), are discounted and . .

summed to yield the discounted cash flow for the representahve onshore developmental pro;ect (PROJDCFON) ;
~* This can be written as: :

 PROIDCFON,,,, = SUCDCFON,,, + (<

) - 1]*DRYDCFONu” ao B o @
N l _ i N .
fori=2
* where, 7
 SUCDCFON. = the discounted cash flow associated with one successful onshore developmental _
' R - well
" DRYDCFON = thediscounted cash flow assoc1ated wnth one dry onshore developmental well (dry
o hole costs)

~Since the expected dlscounted cash flow for a representanve onshore developmental well is equal to:

'DCFON, ., = SR,._‘k x SUCDCPON,.,m cq- SR‘h_J;) + DRYDCFON,,, fri=2 )
. itis easily calculated as:
DCFON,,, = PROIDCFON,,, * SR, fori=2r=1tm6k=1tm6 - . (@)

*Abandonmentof a pIO]eCt is expected to occur in that year of its life when the expected net revenue is less than éxpected operatmg
costs. When abandonment does oceur, expected abandonment costs are added to the calculation of the pro;ect s d1scounted cash flow.
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Figure 5. ‘Lower 48 Oil and Gas Supply"Reg_ions with Region Codes
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| }Gulfof Mexico . _
 where,
| - DCFON = expected dlscounted cash ﬂow for a representanve onshore dcvelopmental well

Onshore Lower 48 Exploratlon .

A represcntauve onshorc exploratlon pmJect consists of onc successful cxploratory well [(l/SRl -1) dry
exploratory wells, m, successful development wells, and m *{(1/SR,,,)-1} dry development wells. All exploratory
. wells are assumed to be drilled in the current year with production from the successful exploratory well assumed
" to°commience in the current year. The developmental wells are assumed to be drilled in the second year of the
* ' project with productmn from the successful dcvelopn;ental well assumed to begin in the second year.

The calculations of the yearly net cash flows and Lhc discounted cash flow for the cxploratory pro_;ect are 1dent1ca1
to those described for the developmental progect The discounted cash flow for the cxploratory pro_lcct canbe
‘ decomposed as: ,

pRoJDc\FONI_;h = SUCDCFON,,,, + m, * [SUCDCFONZ_,“ + (( 1 ]-‘ 1) * : (5)'

R)
'DR'YDCPON,M] . ({_1—) /;‘1]';DRYDCF0N',,L‘ | |
: LE SR,.,) o .
K m, = number of successful developmental wells in a representative project.
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The first two terms on the right hand s1de represent the dlscmmted cash ﬂows assoclated w1th the successful ‘
exploratory well drilled in the first year of the project and the successful and dry developmental wells drilled in- B
the second year of the project. Thethlrdteamrepresents the 1mpact of the dry exploratory Wells dnlled in the first
year of the pro_;ect

Agam, as in the development case, the expected DCF fora representatwe onshore exploratory well i is calculated
by:

DCFONl_m = PROJDCPON,m SRy D T 6
. Since the OGSM forecasts an aggregate level of drilling expenditures for unconventional gas recovery ':rather
. than forecasting separaxely drilling expenditures for tight sands, devonian shale, and coalbed methane, an

_ aggregaxe expected DCF for unconventional gas recovery is calculated for each onshore region except reglon

6. This aggregate expected DCF for unconventional gas recovery is calculated for each well class and region
- as'a weighted average of the expected DCF’s for each unconventional gas category. The weights are equal to

the share of total unconvenuonal gas wells mn apartlcular unconventional gas category in the prevxous period.

‘Specifically, «

/EWELL fork=4,56. R NG

WEI"LSuk.I 1 irkt-1?
and
UGDCFON,, = Y w, DCFON,,, fori=12,r= 12345 S ®
, ks ) : . : » S ;- .
where, /
© WELLS = wells drilled ,
UGDCFON = expected DCEF for unconventional gvas recovery

- "While most of the expendlture forecastmg equations use the expected DCF of the specific dnllmg activity at the
" well, region, and fuel type level as the proxy for expected proﬁtaluhty, there are a few instances where 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 Welghted-average calculanons are described below.

Offshore Explorat:on and Development

The calculations of the expected discounted cash flows for the lower 48 offshore reglons (x e., DCFOFF,', ,m) are
identical to those described for the lower 48 onshore. In addition, the economic assessment of an offshore -
development well matches that in the onshore. The sole difference relates to the specific charactmzauon of an
offshore exploranon pro;ect, which is reﬂected in the mput data for the oﬂshore o

Speclﬁ(zlly, an offshore exploration project consists of: (1) two suceessful new field wildcat wells dnlled mn the
first year of the project from which there is no production; (2) three successful other exploratory wells that
 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 developmenta.l wells that are drilled and begin producing in the
third year of the project along with the requisite number of dry developmental wells; and (4) one successful
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developmental well that is dnlled and begms producmg in each of the next seven years of the pro;ect along with
. the reqmsxte number of dry holes

Calculat:on of Regtonal and Natlonal Expected DCF‘s

For each well type I welghted average expected DCF's for each lower 48 onshore and offshore regmn are
calculated. The weights are equal to the share of total wells of type I drilled in reglon rof fuel type k in the

- previous penod Specifically,

=WELLS

.wi‘-“-‘ ikt ,IEWELLS p foreachirk | R o | : o
where, o : L - n ,
WELLS = wells dnlled

The regxonal onshore and oﬁshore DCF's for a representauve well are denved usmg the followmg equanons

. ,RD_CFON. E Wy, * DCFON,,, for =121 = onshore regions, k = 1 thra 6 - a0
 RDCFOFF,, ): w,, + DCFOFE,, fori=12r=ofsbreregons, k=1,2 . (1)
where,
' RDCFON = onshore regional expected discounted cash flow per well

} RDCFOEF'  offshore regxonal expected dxscounted cash flow per well.

Slmxlarly, for each well type I, the national onshore and offshore DCFs are calculated as welghted averages of

" the regional DCF's. The weights are equal to the regional shares of total wells of type 1 dnlled nationwide in the
_previous penod. Algebraxcally, the welghts are calculated as:

izt-1

= WELLS, /z:wmlsm._,, for cach i, 1 \» ‘ o _ SRR .(12) .

’The rlational onshore and offshore expected DCF's for\eacl_l well type areequal to:

 NDCRON,, = ¥ v, *RDCRON,, fori = 1, 2,1 = onshore regions -~~~ o amy
NDCR)EF,.“ =z E’W;,,l*RDCR)EFi}.v- for i = 1,' 2, r = offshore 'regiéns o R ' (i 4)
_ where,
NDCFON national onshore expected discounted cash flow per well -

NDCFOFF - national offshore expected discounted cash flow per well.
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'Lower 48 Explbratian and Developmental Drilling Expenditures
Lower 48 Onshore Expend:ture Forecastmg Equat:ons

The level of drilling expenduures by well class, onshore region, and fuel type is forecasted genera]ly, asa -
function of expected profitability as proxied by the expected DCF for a representatlve well of class I, in region
1, for fuel type k. In some specific cases, a forecasting equation may use an altemative proxy for cxpected
profitability and may incorporate the impact of structural changes through the inclusion of qummy variables.’
For unconventional gas recovery, expenditures for each unconventional gas type are determined by applying
regional historical shares to total unconventional gas dnlhng expenditures for each onshore region. The specific
. forms of the equations used in forecasting onshore Lower 48 drilling expcndlturw are glven in Appendxx B.

" These equauons canbe cxpressed in the following gcnerahzed forms. ’

. year.

SPENDONi_m. =m0, + (ml, * DCFoN,.m ) * '(mzm + DUML, ) + _(msm + DUM2,) L as
~ SPENDON,, = m0,, + @ml,, » RDCFONZ,) . .. . ' o ae)
‘ ’Where, :
SPENDON = -lower 48 onshore drilling expendmnes by fuel type, region and well type
- DCFON - .= - expected DCF for a representative onshorc well for a specific fuel type, regmn,'
o and well type A
 RDCFON - = expected DCF for a representative onshore Well by well class and region.
- DUM1, DUMZ = dummy vanables (equal to 1 or 0)
. m0,ml,m2 =" esnmamdparameters
1 = welltype .
1 = lower48 onshore reglons
k = fueltype :
_t, =

Additionally, a few equations include a éofrecﬁon 'for aatocorrelation as ’gchxjx by: R
SPEN].)ONw'n\% | n:éﬁx+(nﬂi¢*DCFONi&‘) 2, *DUMl,)+puk*SPENDOI\m_, ' | o an _>
™ iy (g + (i +DCFON, iy, )+ (il DUML,., ) ) : :
where, |
| P = autocbrrel'ationb paramstgr. |
_LoWer 48 Offshore Explbratioh and DéVelohMéhtql brilling Expehditures L

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 the Gulf of Mexico regions (Western, Central, and Deep waters), the model forecasts total

, exploration drilling cxpcndnuws as a function of a proxy for the expected profitability of exploratory drilling -
~ . in the offshore. These expenditures are then allqcated to.oil and gas on the basis of historical average shares. For

*Some of these dummy vanablec are only applied to historical years and will appear in the estimation descnpnon in Appendix E but,
because they are equal to zero in the pro;ecuon penod will not appear in the ma!tbemal:lcal d&scnpuon in Appendix B.
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B the Pacific offshore reglon, both exploranon and development expendlmres ate allocated enurely to oil. The forms
of the forecastmg equauons are grven below, wrth further explanatlon provrded where necessary S

Offshore Exploratlon Expendlture Forecastmg Equat:ons

: SPENDOPF;, = e ""'“'W"“forz-lr-Sk-l RERE gy

: SPENDOPFi,g = [e ’“‘kmw"‘w‘“’l * [SHARE ,‘] for i = 1' r=9k=12 o (19)
SPENDOFE,, = [o** "“m"“’w"’%””’““l . [SHARE ) fori=1,r=10k = 2 . Q0) -
SPENDOFF,_m = [ g "“’““‘“‘D] . [SHARE l for 2 Lr=12.k=12 | ey

Offshore Development Expenditure Forecasting Equations '

@)

SPENDOFE, ,, = e v*’“‘mw for1-2r-8k*1 )
’ SPENDOFF%; ='e“°u*"" Pm“w, for i-2 T oK=1 . ' B 23)
~ SPENDOFE,,,, = e“°vx"‘v*"'?m~"“%*‘?“““2, fori=21=9k=2. R @)
 SPENDOFE,,, = ¢ ™" haPTOux 1 esPMB8 o = 2, 1 0k=1 e
SPENDOFE,, , = ¢ s sP O a0 fr § = 2, =10.k=2 . | - (26)
SP_ENDOFFk = ‘e“%x'“‘?mm a2 TREND, fori sr=12,k<=1 - - (27)
' SPH\IDOFF -e“o"*'“m"”‘forl-Z r—12k 2 SRR S (28)
where,
- SPENDOFF = = lower 48 offshore dnllmg expendltures by fuel type, region and well type
DCFOFF = expected DCF for a representanve offshore well by Wellclass, regron, and fuel
: type
RDCFOFF =  expected DCF for arepresentatrve offshore Well by well class and regron
NDCFOFF " = expected DCF for a representative offshore wellby well class -~ o
SHARE =  averageshare of total exploratory dnllmg expendxtures by regron, acoounted for :
by fuel type s
~+ 0.06375 for I-l r—9 k=1
093625 forI=1,1=9,k=2 o s
- 0.134 for I=1, r=10, k=1 o : R
0.866 for I=1,r=10,k=2 \ :
o ‘ 05 forI=1,1=12,k=1and2 -
- TREND = a time trend beginning in 1986 :
DUM81 =  dummy variable equal to 1 from 1981 onward i
DUMS2 = dummy variable equalto 1 from 1982 onward
DUM86 = dummy variable equal to 1-from 1986 onward
DUMS9 =  dummy variable equal to 1 from 1989 onward- ,
«0,al, 02 =

estrmated parameters -
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well typc 1.for exploratory, 2 for developmcnt
lower 48 offshore regions - -
fuel type (1 oil, 2= gas)
year. -

wnnwu

","IWH'H‘ N

' Wells Determmatnon»

 The number of wells dn]led in each region by class and fuel type is 10tecastcd by dividing the relevant regmnal
dnlhng expendlturw by thc cormspondmg dnllmg cost per Wcll Spec1ﬁca11y, '

SPENDON

WELLSON ;C_OSTL‘,J::&'! fori=1,2 r—onshorcreglons,k-lthlr_t.lﬁr : @
. s1>151~1D01=1=,_'Ju L AR . \ o
WEILSOPF -—C-G—Si:;—- for ,1 = ’1, 2, r-= offshoxe @gﬂ)ns, k", 1,2 - X (30)
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 A
, 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 = expccted drilling cost per well, the sum of successful and dry well drilling costs
weighted respectively by the success rate and the fallure rate '
I = welltype (1 =exploratory, 2 = development)\
r = lower 48 regions, onshore and offshore
k = fueltype(l=0i,2= shallowgas,3 decpgas,4 txghtsandsgas,S Devoman ‘
'. shale gas, 6 = coalbed methane) . ‘ ,
t = year

Thc number of successful wells i in each catcgory is dctenmncd by muluplymg thc total wells drilled in the
; catcgory by the corresponding: success rates. Spemﬂcally, .

SUCWELS_ONim = WElLSONim.* SR;“, fori = 1,21 F’OﬁShore regions, : ». . | (31)
B k=1ltr6 - o R IR | |
SUCWELSOFE,,, = WELLSOFF,,, * SRy, for i = 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 dnlled )

SR = drilling success rate
1 = well type (1 =exploratory, 2 dcvclopment)

r lower 48 re_glons, onshore and offshore
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= fuel type (1=qi,2= shallow gas, 3 deep gas, 4= tlght sands gas, 5= Devoman .
|  shale gas, 6= coalbed mcthane) ' ‘

Dry wells by class, reglon, and fucl typc are calculatcd by

DRYWELON - WELLSON,,, - SUCWELSON, ,,, fri=1,2. = = (33
r-onsborereguonsk-lthmGﬁ . S

 DRYWELOFF, ,, - WELLSOFE,,, - SUCWELSOFE,, fori= 12, | L aey

7 r-offshorcreglonsk-l2
where,’ ‘
~~ DRYWELON = number of dry wells drilled onshore
* DRYWELOFF = number of dry wells drilled offshore
SUCWELSON = successful lower 48 onshore wells dnllcd 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 dnlled by fuel type, region, and well typc
: I = welltype (1 = exploratory, 2 = development)
~ 1 = lower48 regions, onshore and. offshore
k = fueltype(l=oil, 2 =shallow gas,3 = deepgas,4 tlghtsandsgas,S Dcvoman
~ shale gas, 6 = coalbed mcthamc) :
to= year .

Drlllmg, Lease Equnpment and Operatmg Cost Calculattons

Thc cost of complymg thh cnwronmcntal regulauons is accounted for in OGSM through admstments to the
“drilling costs and operating costs. These adjustments are based on work done. by Energy and Environmental
Analysis, Inc. (EEA) in support of the National Petroleum Council (NPC) study "The Potential for Natural Gas

- Supplyin the United States.” EEA developed factors that could be applied to drilling and operating cost estimates
“to account for the addmona] costs of complying with impending environmental regulations. The factors are -
cxpresscd as proportional adjustments to estimates of drilling costs and operating costs. These factors were
developed by depth class and rcglon, with the rchons being those of thc EEAs Hydrocarbon Supply Model

- (HSM).

These envuonnmtal complxance adjustment factors were mcorporated into OGSM through a welghtmg scheme.
Each state within an OGSM region was ass1gued the compliance factor of the HSM region in which the state is
‘located. American Petroleum Institute (API) well data were used to welght each state’ levcl factor by that state's
sharc of drilling within the OGSM region. .

The 1mplemcntaum in OGSM of the envxronmental cost adjustmcnt factors occurs mcrementally over the penod
1992 to 1996. During each of these five years an equal share of the total proportional adjustment is introduced.
After reaching their full magmtudes in 1996, the factors remam at those levels throughout the remamder of thc
forecast pcnod ' :

The cnvnonmental cost adjustmcnt factor for dn]lmg costs is dctemnned as speclﬁed below:
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“(

S 0 ft<1992 SR b
| BOCDRLAS,,, = { ECCDRIAR, » (1-1992+1)5; i 1992 s t 5 1996 35
| ECCDRIASw, if t > 1996 o
o R
_where, '
'ECCDRLA8 = incremental cost of environmental compliance measured as a fraction of drilling
The cnvuomncntal cost adjustmcnt factor for operatmg costs is determined as shown below
) _ 0;ift< 1992 ‘ '
1:,‘(:(:0p]_,4,3x.k’t ECCOPLAS, ;, * (t- 1992+1)IS if 1992 s t< 1996} (36)
' Eccopusm, if t > 1996 : ,
where, ’
"ECCOPL48 = incremental cost of environmental compliance measured as a fraction of operating -
Drilling'casts :
Onshore

In each period of the forecast, the dnlhng cost per successful well is determmed by

DRILLCOST = 'e"’“’% . WE{LSON“‘ ‘ ’*‘mx . &m- . | .
N f : N - . P
(1 + BOCDRLAS ), = R » | , @GN
forr-2through5k~123 - o :
frr=16k-12

where,
DRILLCOST = - drilling cost per well :
WELLSON = total onshore lowcr 48 Wclls dnlled
- DEPTH - = depthper well
. TIME' =  time trend - proxy for technology
' r = OGSM lower 48 onshore region
- k= fueltype (1 = oil, 2 ='shallow gas, 3= deep gas)
. 80,81,82,83 = estimated paramctcrs o
t = year

In each period of the forccasf, thé drilling cost per dry Woil is determined by:

DRYCOST,,, = ¢™®% + WELLSON>" « ST, T, | (1 ~BCCDRLAS)., " (38)
o forr—2through5k—123 : - : - : ‘
forr=1,6k=12 C :

" 444 .. Energy Information Administration/Oll and Gas Supply Module Documentation




- where, _
DRYCOST = diling costperdrywcll. e

Oﬁ'shore : ‘
- In each penod of the forecast, the dnllmg cost per: sucoessful wcll is detcrmmed by

Dmcosrm-e‘“‘“’n*wmlsom,se D’-""“n*c’*m‘*.
: (1 +ECCDRLA8, ), e R
for r = Gulf of Mexico, k =1, 2, .

. where,

'DRILLCOST = drilling c cost per well ; -
' WELLSOFF =  total offshore lower 48 wells drilied
DEPTH - = depthper well S -
TIME = timetrend - proxy for technology
; k=" fueltype(l= 0112 - gas)
- 80,61,82,83 = esnmated paramcters :
o ot = year _
* In each period of the forecast, the drilling cost per dry well is determined by: <

DRYCOST, = ¢ « WELLSOFFY, » ¢®* P , ™ 4 g +ECCDRLAS,, ) ;
S Cforr = Gulf of Mexico o it

where,
- DRYCOST o= dnllmg cost per dry well

Lease Equ:pment Cc:sts

L In each penod of the forecast, lease eqmpment costs per succcssful well are determmed by:' '

LEQC,,, = hi * SUCWELL:J, )
forr =2 through 5,k = 1,2, 3%
forr=1,6k=12

where,
' LEQC = il and gas well lease eqmpment costs
- SUCWELL = lower48 ‘successful onshore wells (oil, gas) .
~ TIME = - timetrend- proxyfortechnology = I
e0,el,€2 = estimated parameters - co i
" .r = OGSM lower 48 onshore region ‘ -
k= fueltype (1=oil, 2=shallow gas, 3-deep gas)
‘t = year. : ;
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: Operatmg COSts
o eachpenod of the forecast operatmg costs per successful well are determmed by
_OPC, —~e""°°’=* « SUCWELL" « e"* m’“’“’* * e“‘ ™E, (1 + BCCOPLAS )

forr = 2 through 5, k = 1, 2,3;
forr=1,6k=12 }

“2) )

where, -
. . OPC = oiland gas well operatmg costs
SUCWELL = lower 48 successful onshore wells (011 gas)
o DEPTH = average well depth s
o ~ TIME - = time trend - proxy for technology
- 0,91, 92,93 =  estimated parameters ‘
: .. 1 = OGSM lower 48 onshore region
"k = fuel type (1=oil, 2=shallow gas, 3-deep gas)
t = year

IE

- "Iheeﬂ‘ects of teclmologlml change a.lso are. reﬂected in adjustments to the TESource base, as shown in equatmns '
Am the section below that discusses the ﬁndxng rates. : v : :

, Reserve Additidns

. -

. 'The Reserve Addluons algonthm calculates units of oil and gas added to the stocks proved and mfen’ed o

reserves.!® Reserve additions are calculated through a set of equations accounting for new field discoveries,

- discoveries in known fields, and incremental increases in volumetric recovery that arise during the development
, phase There isa 'ﬁndmg rate equanon for each phase in each regron and for each fuel type.

L stcovenes of prevrously unknown fields per period are modeled as a function of the number of new field
~ wildcats drilled per period. Each newly discovered field not only adds proved reserves but also a much larger

* amount of inferred reserves. Proved reserves are reserves that can be certified using the original dlscovery wells,
while inferred reserves are those hydrocarbons that require additional drilling before they are termed proved.
Additional drilling takes the form of other exploratory drilling and de: velopment drilling. Within the model, other -
exploratory dnllmg accounts for proved reserves added through new pools or extensions, and development
drilling accounts for reserves added through revrsrons o

-The volumetric yxeld from a successful new ﬁeld wildcat well is divided mto 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 -
rmtlal Teserves estimated for a newly dlscovered field relanve to ultimate recovery from the field.!!

. PAn mportant advantage inherent in OGSM's desrgn is its modulanty The present ﬁndmg rate specrﬁcauon of OGSM was
developed to meet the analytical requuements and schedule for NEMS. Modxﬁn,auons will be made to the present discovery procees
methodology and resource accounting in the future. . -
“A more complete discussion of the topic of reserve growth for pmducmg fields can be found in Chapter 3 of The Damesnc Oil and
Gas Recoverable Resource Base Suppomng Analysxs for the Nattonal Energy Szrategy
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Functional Forms
" Ol or gas reserve additions from new field wildcats are a function of the comulative minber of successful new
7 field wildcats drilled, the initial estlmate of economxcally recoverable resources for the fuel, and the rate of

technologlcal change 2 s S o
- Total successful exploratory wells are dlsaggregated into successful new field Wlldcats nd 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 suceessful exploratory wells by SW2,'and successful development wells by SW3
-+ The maJor mputs to the new ﬁeld reserve addmon equatlon are new field wﬂdcats dnlled and the resource base.

This approach relies on the fmdmg rate equat10n

L, - m1,*,_,(1 +.p1)*,exp(—alm*3W1w) DRI o 43
where, . |

FR1 =  new field wildcats findingrate

SW1 = successful new field wildcats

- 81 = finding rate decline parameter -

p1- = finding rate technology parameter -

r = region Dot
k = fueltype (011 or gas)
t = year

- Under the above speqﬁcatlon, the yleld from new ﬁeldcat dnlhng in the absence of technologlcal change declmes v
exponentially as cumnulative drilling increases. Specifically, in the absence of technological change, the finding .
rate at the end of penod t is lower than the finding rate in period t-1 by 81, the decline rate, times the number -
of wells drilled in period t. Technological change expands the economwally 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 rate by B percent. Under this approach, the finding rate in period t can be

- higher, lower, or equal to the finding rate in t-1 depending on the value of B, 8, and the number of wells drilled

" in period t. The increase in the economically recoverable can also affect the decline paramater, 81. Accordmgly, o

0li is recalculated in each penod usmg the followmg equatmn

s o Rl l(1+;31) - PRMINI

ke © QTECH:M CUMRESm L

@)

where,
CFRI = mewfield wildcats finding rate-
© FRMINI = minimum economic finding rate for new field w11dca1: wells-

. ‘QTECH ‘undiscovered economically recoverable resource esumate adjust.ed for expansion '

' _due to technologlcal change

) 2 A more complete discussion of the finding rate equatlons and the enhancement to mclude technologu:al change is avaﬂable in
Appendix 4-C of this report_ L : .
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- CUMRES = cumulatrve proved and inferred reserve dlscovenes over the pro;ecuon penod
oo o (mmal value = 0)

Tt forecast year.

- In the numerator, the minimum economic finding rate is set as a percentage of the initial finding rate. The -
" percentage is constant over the forecast, but varies among fuels and regions. The denominator represents the

B remaining eoonomrca]ly recoverable resource estimate in undiscovered ﬁelds, so the cumulanve reserves found
.-over time must be deducted. 611 is constrained not to fall below 0

The above equatrons provrde a rate at which undxscovered fesources convert into proved and mferred reserves

as a function of the number of new field wildcats drilled. Given an estimate for the ratio of ultimate recovery from.
a field relative to the initial proved reserve estimate, X, x» the X,k 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 dlsoovenes for each penod is grven by mtegratmg the ﬁndmg raxe with respect to wells dnlled each period.

. . _swrm :
AR;.m = 3:. f . mlr-k.t d(SWI) ] ' ) — : ' R ; V o
SWiy, ) ' ' . '

f Fle 1(1+ﬁ1) * exp(-51, *SWl,h)d(swn

X = reserves growth factor -
AR = addmons to proved Teserves.

‘The terms in equation (47) are all constants in period t, except for the SWl X is derived from historical data and
it is assumed to be constant during the forecast period. FR1,, , , and 81, ¢ ATE calculated prior to period t, based

. onlagged vanables and ﬁxed parameters as shown i in equatrons (45) and (46).

Reservee move ﬁ:om the realm of inferred to proved wrth the drilling of other exploratory wells or developmen1a1
- wells in much the same way as proved and inferred reserves are modeled as moving from the resource base as
“described above The volume(nc retumn to other exploratory wells and developmental wells is shown in the
following equauons ‘ N

o

FR2FR2

i1+ B2) ¥ exp(~82,,, ¥ SW2,. ) | T | - 46)
where,
"FR2 = other exploratory wells finding rate -
SW2 = - successful other exploratory wells
B2 = technology parameter for FR2.
HB m:.kt 1(1 +B3) *éiéxP(’GSrkt*swsxkt)\ R : o s i ) ‘ o é@n
where,
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~developmental wells finding rate

.SW3" = -successful development wells
B3 = technology parameter for FR3

The denvatlon of updated decline factors for the exponentla]ly dechmng funcuons are shown in the followmg
equatlons for other exploratory dnllmg and developmental dnllmg respecuvely ' . ‘

X IR :(FRZ,;k,'_l'(1+[32)-FRNHN ) * DECFAC S
Rl ' L e RESCHEE
L +TEVCH)"‘T( T;l( )!Fled(SWI) X [IFRZr’k' dSW2) + [FR3, AW

PR T

| (R0 +B3),-FR‘MIN3,Q . DECFAC

@)

63, =
rkt- R ] ] ] »
. LI’ (+TECH)"T + lzi( )fpmmd(swl) - %le UFR2,, SW2) + JFR3, ASW3)}|
where, L o ' : o Lo . ; | .
I = initial inferred reserves estimate /

"DECFAC = decline rate adjustment factor. S

'FRMIN2 = minimum economic finding rate for other exploratory wells
FRMIN3 =  minimum economic ﬁndmg rate for developmental wells

The conversron of inferred reserves into proved reserves occurs as both other exploratory Wells and )
developmental wells explort a single stock of inferred reserves, The specification of equations (50) and (51) has
" the characteristic that the entire stock of inferred reserves can be exhausted through either the other exploratory
wells or developmental wells alone. This extreme result is unlikely given reasonable drilling levels in any one. -
~ year. Nonetheless, the simultaneous extraction from inferred reserves by both drilling types could be expected-

toaffect the productxvrty 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 expressmn in the derivation of
8, and §;) is decremented by either type of dnllmg : :

DECFAC is present in the computation of 5, and 9, 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. Values greater than 1.0 accelerate the productivity decline in finding rates.
The parameter values for the Annual Energy Outlook 1996 are 1.0 for both the onshore and the offshore. .=
, Subsequent to recent resource updates, the relative drawdown of inferred reserves in any year was Judged

. insufficient to mgmﬁcantly 1mpact the resource accountmg in e1ther case. :

Total reserve addmons in penod tare. glven by the followmg equauon

o . SWiy, Coswag - SW3p . v , v
RA = - f med(swn + f szmd(swz) - f PR3 dASW3) e (50)
-k 0 E N 7 ]

" Finally, total end of year proved reserves for each period equals:
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CRu Ry QutRAn N Y
wh‘ere,

- 1eserves measured asof the end-of-yc'ar
producuon :

R
Q E
‘ Productlon to Reserves Ratio

The producuon t0 Teserves ratio, as the relauve measure of reserves drawdown, represents the rate of extraction,
- given any stock of reserves. For each year t, it 1s calculated as:

where,
PR, =  production to reserves ratio for yearl , : o
Q. = production in year t (received from the NGTDM and the PMM)
R.; = endofyearreserves for year (t-l) or eqmvalently, begmmng of year reserves for

yeart.

PR, represents the rate of eritraetioﬁ from all wells drilled up to year t (through year t-1). To calculate the expeeted
tate of extraction in year (t+1), the model combines production in year t with the reserve additions and the -
expected extraction rate from new wells drilled in year t. The calculation is gi\ien by:

.+ PR,*(1-PR)) + (PRNEW = RA) RN
Ba - ) A (53)

PR!*I’ = ) Rt ]
PRt+1 = expected production to reserves ratio for year (t+1) | ,
PRNEW = . long-term expected production to reserves ratio for all wells drilled in forecast
R, = endofyear reserves for year tor equrvalently, begmnmg of year reserves for year

(t+1).

The numerator, representing expected total production for year t+1, comprises the sum of two components. The
- first represents production from proved reserves as of the beginning of year t. This production is the expected
* production in year t, R, ,*PR,, adjusted by 1-PR to reflect the normal decline from year t to t+1. The second
represents production from reserves d1scovered in year t. No produenon in year t+1 is assumed from reserves

o drscovered in year t+1.

- PRiis constramed not to vary from PR,_1 by more than 5 percenL It is also oonstramed not to exceed 30 percent \
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The values for R, and PR,, ae 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: o . : S o

’, Qx.k.tol = [th]*[PRtx.t*(l M p:.k* ik.hl)] . ‘ o " T . T R (54)
R, = éndofy@arrcservesinpexiodt
PR, = extractionraeinperiodt = e
B ' = estimated short run price elasticity of supply :
AP, = (P, -P)/P, proportional change in price from t to t+1.

The P/R ratio for period t, PR, is assumed to be the approximate extraction rate for period t+1 under normal .

operating conditions. The product (R, * PR, is the expected, or normal, operating level of production for period .-

. #1.-Actual production in t+1 will deviate from expected depending on the proportionate change in price from

* period t and on the value of short run price elasicity. The OGSM passes estimates of B to the NGTDM and PMM
that can be used in solving for the market equilibria. Documentation-of the equations used to estimate P is
provided in Appendix E, pp. E-29 through E-37. I , ‘ , -

Associated Dissolved Gas

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

Y,ADYGAS&!; e bk *OR;PRQD;?, . o o o L . . (55) -

where, g

ADGAS

OILPROD
, r

-t

ap

. This simple regression function is used in the estimation of AD gas production in onshore regions 1 through 4. -
A time dummy is iritroduced 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 mgulalidn Specifically, A

associated dissolved gas production
~ crude oil production -
-OGSMregion -
- year :
" estimated parameters.

.ADG. ASm :__ eh(u()),ehv(nl);nmm‘ - OII‘PROD"goroFI.twm‘ - ) . | 5 s | . G 6) |
g _where,.

 DUMS6 = dummy variable (L if t>1985, otherwise 0)
- «0,01,80,1 = estimated parameters. - .. :
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Enhanced Oil Recovery Su}p‘ply 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 lower 48 states 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 base year reserves and the methodology for development and subsequent production
~ from previously unproven reserves. ‘ SR : . =

Introduction

All submodules in the OGSM share similar basic attributes, but the 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. S : I : :

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 process involvé 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 submodules of OGSM concem the conversion of unproven
 resources to proved reserves, the extraction of proved reserves for production, and the determination of supply

The EORSS uses discovery factors. that convert a specified fraction of unproven resources into proved reserves.
These factors depend on the expected profitability of EOR investment opportunities. This approach is a substitute
for the approach used elsewhere in OGSM in which the transfer 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 toward projects with relatively higher returns. -
An explicit determination of expenditures for supply activities. does not occur within the EORSS as it does
elsewhere in the OGSM. Given the role of the discov‘gry factors in the supply process, the implicit working
- assumption is that EOR investment opportunities with positive expected profit will attract sufficient financial

~ development capital. The exploitation of economic EOR 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 acoeptable 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 converitional projects.

EOR Production from Proved Reserves
Input: reserves differentiaxed by unit 0p§rating costs (constitutes price-supply table)®

v

“The EOR pricé-supply tables used in this submodule are of critical importance 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 Qil Recovery Information System (TORIS).
TORIS is a large analysis system maintained by the Bartlesville Project Office of the DOE Office of Fossil Energy (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. : e T a

N
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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 that have unit operating costs that exceed the current net price donot

' contribute to current production. The net price is the current price less royalty payments and severance taxes,
which are unavoidable costs per unit. Thus, the net price measures the unit revenue that accrues to the producing -

Prbdu_ctibn froma given stock of proved reserves is determined by the application of an aésumed 'prdducﬁon-tpf
reservesratip(Figme6). ‘ S . B _

New EOR Projects
- Input: reserves differentiated by unit operating costs (cdnstituies pricc-siipply table) =

- Use current year price to identify the economic portion of remaining unproven inferred reserves (Figure 7).
Economic projects are transferred to undeveloped inferred reserves status. The economic portion of undeveloped -
inferred reserves become proved reserves based 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). The new additions to this stock are economic given thé current price as indicated by the economic test
in the previous step. Subeconomic portions of the preexisting undeveloped stock are not developed, becanse the
 development fractions (i.c., the inverse of the expected years for development) are zero if unit costs exceed the -
net current price. o ’ : L I g

- Figure 6. Procedul_'e for EOR Production from-Proved Reserves -

E Depictibns of processing steps in each period -

identify remaining
econoric proved reserves

k

" Conduct comparison test .
between current net price
. and unit variable costs

Y -

Extract fraction-of economic
' reserves using P/R ratio
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Figdfe 7. Déveldpﬁlent of New EOR Frojects

i Dépicti6n§ of processing steps in each,period -

R

| 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 |

\

* Production occurs as
‘described in Figure 6

Expected Development Schedule for Economic Undeveloped_
Inferred Reserves EOR Projects

Diffgreﬁoe in Price over Unit : Expected Years for

~Cost - - . Development
$0-1.00 - . o 40
$101200 S 3
s201300. . 82
$s01400 . - 28
- $4.01-5.00 o ~ .24
. >§500 . - 2 . 50

The convéréldn of the appropnate volume 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 mserves is
determmed by use of the assumed productmn—to-reserves ratio.
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 Cogeneration

' Cogeneration of electricity by EOR projects is determined by a streamlined algorithm. This method assigns alevel |

of new cogeneration capacity based on the EOR expansion from new projects. Electricity from existing capacity
occurs according to assumed utilization factors. T S

Alaska oil and Gas ‘Supply‘Submo}dui‘e |

This section describes the structure for the Alaska Oil and Gas Supply Submodule (AOGSS). The AOGSS is
“designed to project field-specific oil and gas production from the Onshore North Slope, Offshore North Slope,
* and Other Alaska (primarily the Cook Inlet area.) This section provides an overview of the basic approach -
including a discussion of the discounted cash flow (DCPF) method.

AOGSS Overview.

The AOGSS is divided into three components: new field discoveﬁes,v 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, as well as the discovery of a new field is dependent on its profitability. Production is

" Jetermined 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 =~

" Costs differ within the model for sucoessful wells and dry holes. Costs are categorized fonctionally within the

. modelas: -

o o Dnlhng °°sts .
o L,éas’ee’qn@nient costs
° Operanngcosts (mcludmg productfbn facxhhcs and gencral: and admmlstrauvecosts) i
All costs in the model mcorporate the estimated 1mpact of env:roumcntal compﬁanée. Whene{rer epVirdnmental E
regulations preclude a supply activity outright, that provision is reflected in other adjustments to the model. For

example, environmental regulations that preciude drilling in certain locations within a region is modeled by
reducing Lhe-~reooverab1e resource estimates for the total mgim. E o S
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Figure 8. Flowchart for the Alaska Oil and Gas Supply Module
For each penod t: _ Economic & Physical Data

y

- Estimate transportation costs -

“"';f“f"“‘f"“l*‘"""ﬂ‘fﬁ""——f-'

- "NEW.FIELDS ' P ‘
: S § Determine DCF for next discovery size' |
Determine outcome for allowable number of New Field Wildcats
Add any successes to Inventory of development pro]ects
Record
- Drilling ’
© - Reserve additions
S - Financial expenditures oo SR RS
._...._____..__.._.f___..._.‘ ______ ........_.._.____
DEVELOPMENT o s e |
PROJECTS = = | .~ _] Compute DCFforproject |~
 Suspend operation.
, Continue project, record ‘
S ’ R | - Drilling
‘ ' ) -« Financial expenditures
Go to next project

'PRODUCING FIELDS .

Record production | - |Shut down, remove field
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" Bach cost function mclud&s a variable that reflects the cost sa‘}ings associated with iechnblogical-iﬂ:pmvcments; - :

Such declines would be relative to what costs would otherwise be. Technological improvements lower average
costs of the affected phase of activity. As such, the lower 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 .
{0 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 |

Dnlhng costs fepresent the expenditures for drilling successful wells or dry holes and for equipping successful
_ wells through the "Christmas tree”, the valves and fittings assembled at the top of a well to control the fluid flow. -

" Elements that are incladed in drilling costs are labor, material, supplies and direct overhead for site preparation,

' road building, erecting and dismantling derricks and drilling rigs, drilling, running and cementing casing, .
- machinery, tool changes, and rentals. Drilling costs for exploratory wells include costs of support equipment such
 as jce pads. Lease equipment required for production is included as a separate cost calculation, andcovers

equipment installed on the lease downstream from the Christmas free. .~~~ - T

The avémge cc')yst\of drilling a well in any field located wit.hinf regionr in year tis given by: o

. DRILLCOST,,, = DRILLCOST, ;. * (1 - TECHI)*(t-T,) e T I (57')7 |
‘where, .
1 = well claSs:'(\éxpl’oratory=1v,‘ &vc_lopmental:Z) '
r = region v - U
k = fueltype (oi1=1_‘,"gas=2)f _
. . .t = forecastyear
 DRILLCOST = drilling costs o
T, = - baseyear of the forecast . T B
- TECH1 = annualdeclinein drilling costs due to improved technology. -

. 'Thc abbve ﬁh‘ldioﬂ"spe(;iﬁes‘ﬂiat dri]hng costs dcciine at the annual rate TECHI.\Obs’erve that dnlhng 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 actmtym Alaska as well as the SpﬁCializéd nature of drilling inputs in Alaska.. -
 Lease Equipment Costs. : o R

Lease equipment costs include the cost of all equipment extending beyond the Christmas tree, directly used to
obtain production from a drilled lease. Costs include: producing equipment, the gathering system, processing .
equipment, and production related infrastructure such as gravel pads. Producing equipment osts include tubing
- and pumping equipmient. Gathering system costs consist of flowlines and manifolds. Processing equipment costs
 acoount for the facilities utilized by successful wells. The lease equipment cost estimate for a new oil or gas well-
is given by: ‘ R e o

mUIPxJu =VEQ-UIPr;k'.Tb * (l b TECHZ) * *(t_i_‘ Tb) . (58) '
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reglon

k = fuel type (oil=1, gas-2)
S t = forecast year :
. EQUIP = leaseequipmentcosts
T, = baseyearof the forecast
CTECH2 = annual decline in lease eqmpment costs duc to 1mprovcd technology
v Operatmg Costs C

EIA operatmg cost data, which are reported ona per well bas1s for eadn reglon, include three main categories of

~ costs: normal daily opcratnons, surface maintenance, and ‘subsurface maintenance. Normal daily operations are .

further broken down into supervision and overhead, labor, chemicals, fuel, water, and supplies. Surface .

maintenance accounts for all labor and materials necessary to keep the service equipment functioning efficiently

 and safely. Costs of stanonary facilities, such as roads, also are included. Subsurface maintenance refers to the
repair and semces reqmred to keep the downhole equlpment functlonmg cfﬁmenﬂy

The estlmatcd operating cost curve is:

' O?COS'T,J;, = 5PCOSTM,, (- TECH3>}£*(f -y R N (59) “
where, ‘
r = ;regxon :
k= fuel type (oil=1, gas-2)
-t = forecastyear :
OPCOSTz = operating cost ,
T, = Dbaseyex of the forecast
TECHB, = annual decline in operatmg costs due to 1mproved technology

' Dnllmg costs, lease eqmpment costs, and operatmg costs are mtcgral components of the followmg d1scounted '
~ cash flow analysm These costs are assumed to bc umform across all fields w1tlun arcglon

Treatment of Costs in the Model for lncome Tax Purpose‘s

N

All costs are treated for income tax purposcs as either expensed or capxtahzcd The. tax lreatment in the DCF

" reflects the applicable provisions for oil and gas producers. The DCF assumptions are consistent with standard

. accounting methods and with assumptions used in s1m11ar modelmg efforts. The following assumptions, reflecting
current taxlaw, are used in the calculatxon of costs . - o BRI

o All dry-hole costs are expcnscd

/

. A portion of drilling costs for successful wells are cxpenscd Thc specnﬁc split between expensmg ‘
: and amoruzauon is determmed on the ba51s of thc data. a

e Opcratmg costs are cxpensed

e Al remaining successful field devclopmcnt costs are capltahzcd
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@ The depletion allowance fortaxpmpos&s is not included in the model, because the current regulatory o
limitations for invoking this tax advantage are so restrictive as to be insignificant in the aggregate
. for future drilling decisions. S : o A =

e ‘Successful versus dry-hole cost estimates are based on historical success rates of successful versus .
- dry-hole footage. ‘ , : ' T Do

e Leasc cquipme_nt for existing wells is in\pl\ace before the ﬁrs; fo,l;eca'st 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 retum. The Trans Alaska Pipeline System (TAPS) tariff is determined by dividing the total 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 dated June 28, 1985 between the State of Alaska and
ARCO Pipe Line Company, BP Pipelines Inc., Exxon Pipeline Company, Mobil Alaska Pipeline Company, and
Union Alaska Pipeline Company. The determination of costs conforms to the specification as provided in the
Settlement Agreement. S R o R

TRR, = OPERCOST, + DRR, + TOTDEP, + MARGIN, + DEFRETREC, + TXALLW, (60)'

 NONTRANSREV, + CARRYOVER, -
where, ‘ \ V
TRR = total revenue requirement
OPERCOST = total operating costs (fixed and variable) ‘
- . . DRR =. dismantling, removal, and restoration allowance -
TOTDEP = _total depreciation (original and new property) ‘
o MARGIN ' = total after-tax margin (original and new property) - ‘
© DEFRETREC = total recovery of deferred return (original and new property)
~ TXALLW = income tax allowance A . BRI
'NONTRANSREV =  non-transportation revenues -
CARRYOVER = = netcaryover. . IR -

Four of the elements are associated with the recovery of a TAPS carrier's costs: (1) operating expenses, (2)
- dismantling, removal, and restoration (DR&R) allowance, (3) depreciation, and (4) income tax allowance. Two

* elements, after-tax margin and recovery of deferred retumn, provide. for a return on unrecovered capital and an
incentive to contimue to operate the pipeline. The last two components, non-transportation revenues and net
carryover are adjustment items. ' o CeLTT B ‘

Operating Costs. Operating costs include both the fixed and variable operaﬁhg costs. The fixed portion isbased .

 on an assurned cost of $325 million (in 1991 dollars). If the expected throughput for the year is greater than 1.4

 million barrels per day, the variable cost is $0.28 per barrel in 1991 dollars; otherwise, the variable cost is $0.24
per barrel in 1991 dollars.! These assumed costs exclude any incurred or expected DR&R expenses, any
depreciation or amortization of capitalized cost, and any setflements with shippers for lost or undelivered oil due
to normal operations during transportation. B o '. S o

“The variable cost was ponverted from 1983 dollars as specxﬁedm the Settlement Agreeni’ent to 1991 dollars.
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DR&R Allowance. The annual DR&R allowance tobe mcluded in the revenue reqmrement calculatron for years :
1984 through 2011 is grven in Exlnblt E: DR&R Allowance Schedule of the Settlement Agreement

: ‘Deprectatlon. Total deprecratron is the sum of deprecratron ﬁom ongmal property and deprecrauon from new
propertyasglvenby ‘ o C ( _

'ADDS

7 - additions to both original and new property in service
PROCEEDS

proceeds from both ongmal and new deprecxable property in service.

TOTDEP, - DEP, *'(DEPPROPl.z + ADDS,., - PROCEEDS, , - TQ'I'DEP,_-l) S 6D
TOTDEP = total depreciation
- DEP = depreciation factor
DEPPROP = total (original and new) deprecrable property in service

After-Tax Margm. The after tax margm is desrgned to provrde the TAPS carrier with an after-tax real return
‘on capital. This margin has two components: (1) the product of the allowance per barrel and the projected
* throughput and (2) the allowed rate of return on the rate base associated with new property in service. The
allowance per barrel i is setat $0. 35 in 1983 dollars and the allowed rate of return at 6.4 percent.

MARGIN, = ALLOW, *'IIHRUPUT + oom*(DEPPRopmt + Dsmrmt DEFTAXgy.) 62
where, |
MARGIN = ' total after-tax margin
ALLOW = allowance per barrel
THRUPUT = projected net deliveries _
DEPPROl"NEW = new depreciable propertymservrce ‘
 DEFRETy . = new deferred retum -
DEFTAXygy =  new deferred tax.

Recovery of Deferred Return. Deferred returns represent amounts whrch could be nghtfully collected and
turned over to the owners but, for tariff profile purposes, are collected at a later date. For example, Construction
Work in Progress (CWIP) is not added in the company's rate base until the end of the constmction penod Asa
result, it is not included in the return on capital and not recovered in current rates. Instead, an Allowance for
Funds Used During Construction (AFUDC) is added to the book value of the construction. This deferred retumn
is then recovered through depreciation of the pipeline's cost over its economic life. The recovery of this deferred -
- return has two components, the conventional AFUDC and the inflation portion of the return on rate base. The
calculation of the recovery of deferred retums is glven by :

DEPRETREC" = DEP, » (D ., + INFLADJ, | + ARUDC,, - D]EPR}ETREC(_I) - O (63)
where, |
DEFRETREC - = total recovery of deferred return (ongmal and new property) .
"DEP = - depreciation factor :
DEFRET = total deferred return (ongmal and new property)
INFLAD] =  inflation adjustment (original and new property)

AFUDC allowance for funds used during construction. -
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Income Tax Allowance. The income tax allowance is equal to the income tax allowance factor multiplied by 'b

the sum of the after-tax margin and recovery of deferred return. The income tax allowance factor is the amount

of tax allowance necessary to provided a dollar of afier tax income at the composite Federal and State tax rates, - - |

adjusted for the deductibility of State income tax in Rederal tax calculations. -

TXALLW, = TXRATE » (MARGIN, + DEFRETREC,) L o ©4)
where, - ; :
' - TXALLW = income tax allowance ;
TXRATE = income tax allowance factor
' MARGIN = total after-tax margin L
DEFRETREC = =  total recovery of deferred retum. -

Non-transportation Revenues. A TAPS owner receives revenues from the use of carrier property in addition
~ to the tariff revenue. These incidental revenues include payments received directly or indirectly from penalties
paid by shippers who were delinguent in taking delivery of crude oil at Valdez. By subtracting these revenues
 from the total revenue requirement, the economic benefit to these non-transportation revenues is passed on to
other shippers through the lower tariff for TAPS transportation. . B e

" Net Carryover. The et carryover reflects amy difference between the expected revenues calculated by this tariff
routine and revenues actually receii/ed. - ' — o I

Discounted Cash Flow Analysis
A discéunted cash flow (DCF) calculation is use_dwtodetéxmine the proﬁtability of oil and gas projects.” A
~ positive DCF is necessary to continue operations -for a known field, whcther _cxploration, development, or .
* production: Selection of new prospecis for initial exploration occurs on the basis of the profitability index which

is measured as the ratio of the expected discounted cash flow o expected capital costs for a potential project.
A key variable in the DCF calculation is the transportation cost to lower 48 markets. Transportation costs of
cither oil or gas reflect delivery costs to an oil import facility or the citygate for natural gas. Transportation costs
for oil include both pipeline and tanker shipment costs, and natural gas transportation costs are pipeline costs
(tariffs). Transportation costs are specified for each field, although groups of fields may be subject to uniform -
transportation costs for that region. "This cost directly affects the expected revenues from the production of a field -
asfollows:®® . ; T T :

, REVn=Qsi*W."mANS'r.J‘ S 4 SRR (65)
where, ‘ - . :
f = field
ot o= Tyear
REV = expected revenues 7
Q. = expectedproductioﬂ volumes
o MP = marketprice in the lower 48 states

*" transportation cost. -

~_ 15See Appendix 4.A at the end of this chapter for a detailed discussion of the DCF methodology. -
16This formulation assumes oil production only. It can be easily expanded to incorporate the sale of natural gas.
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. The expected discounted cash flow associated with a representative oil or gas project in a field f at time t is given

- DCF,, = (PVREV - ‘PVROY - PVDR]LLCOST PVEQUIP TRANSCAP - ; . (66) '
PVOPCOST PVPRODTAX PVSIT - PVFlT PVWPT),“ _
- where,
"PVREV =  present value of expected revenues .-
PVROY = present value of expected royalty payments
PVDRILLCOST = present value of all exploratory and developmental dnllmg expendltures
. PVEQUIP - = present value of expected lease equipment costs
TRANSCAP - = = cost of incremental l:ransportanon capacity ’
PVOPCOST = present value of operating costs . ' '
PVPRODTAX = present value of expected productlon taxes (ad valorem and severance taxes)
' PVSIT = present value of expected state corporate income taxes S
PVFIT . =  present value of expected federal corporate income taxes
PVWPT = present: value of expected windfall profits tax'”-

. ' _ 'I'he expected capltal costs for the proposed field f located m regron rare. -
COST,, = (PVEXPCOS_T +1?VDEV€QST\+ PVEQUIP +TRANSCAP)$ ' - | ' o (67) ,

‘where,

'~ _PVEXPCOST = present value exploratory dnllmgcosts

PVDEVCOST = present value developmental drilling costs
PVEQUIP = present value lease equipment costs
TRANSCAP . =  cost of incremental transportation capacity -

The profitability lrldicator from developing the proposed field is therefore equal to:
| PROF, = DCF,, / COST,, L e e | 68

'VThe ﬁeld wﬁh the hxghest posmve PROF in time t is then ehglble for exploratory dnllmg in the same year. The
proﬁtabrhty indices for Alaska also are passed to the basrc framework module of the OGSM '

'New Field Dlscovery

_ Development of estimated recoverable resources, whrch are expected to be in currently undlscovered fields,
~depends on the schedule for the conversion of resources from unproved to reserve status. The conversion of
_resources into reserves requires a successful new field wildcat well. The discovery procedure requires needed
information, which can be deter.mmed endogenously or supphed at the optron of the user. The procedure reqmres ‘
data regardmg : , o _ -

° techmcally recoverable oil and gas resource estrmates by regron ‘

"Smce the Windfall Proﬁts Tax was repealed in 1988 tlns variable would normally be set to zero. It is mcluded in the DCF ‘
calculauon for completeness. - ] . . :
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distribution of techmcally re¢ov¢rable field sizes'® within each region .

the maximum number of ne\ﬁ ﬁeldwﬂdcat weﬂs dnlledm any year
. n_ew'ﬁeldwildcatéuccessfate" o I
K | any \re/stvtiCti(;ns olr.x‘ thc‘ﬁllliaing of dnlhng 7
: 'f‘he cndogenoqs procédure genératw: :
‘e the set of individual felds to be discovered, speciﬁed with respect o size and locaﬁgn L
'o.‘ an ord& for the dlscovcry sequmce o | 7 : |
e a s@:ﬁe&ule for the discovery séquencc. )

* The new field ,discoi'ery procedure divides the estimate fortechmcally recoverable 6i1 and gas resources into a. )

set of individual fields. The field size distribution data was gathered from the US. Geological Survey work for -
the national resource assessment.*® The field size distribution is used to determine a largest field size based on
the volumetric estimate corresponding to an acceptable percentile of the distribution. The remaining fields within -
the set are specified such that the distribution of estimated sizes conform to the’ characteristics of the input
distribution. Thus, this estimated set of fields is consistent with the expected geology with respect to expected
- aggregate recovery and the relative frequency of field sizes.. S R R

“New. field wildcat drilling depends on the: estimated expected DCF for the set of remaining_pndiscovded
recoverable prospects. If the DCF for each prospect is not positive, no new drilling occurs. Positive DCF's
motivate additional new field wildcat drilling. Drilling in each year matches the maximum number of new field -
wildcats. A discovery occurs as indicated by the success rate; i.e., a success rate of 12.5 percent means that there.
is one discovery in each sequence of 8 wells drilled. By assurnption, the first new field well in each sequence is

" a success. The requisite number of dry holes must be drilled prior to the next successful discovery.

The exécution of the above procedure can be modified to reflect restrictions on the timing of discovery for
 particular fields. Restrictions may be warranted for enhancements such as delays necessary for technological
development needed prior to the recovery of relatively small accumulations or heavy oil deposits. This refinement
is implemented by declaring a start date for possible exploration. For example, development of the West Sak field
~is expected to be delayed until technology can be developed that will enable the heavy crude oil of that field to
' be economically extracted. ST R , o

Development Projects

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

" Every year, the DCF s calculatéd for each development project. nitially, the drilling schedule is determined by
the user or some set of specified rules. However, if the DCF for a given project is negative, then exploration and

185i7e" of a field is measured by the volume of recoverable oil or gas. s ‘ S R .
BE stimates of Undiscovered Conventional Oil and Gas Resources in the United States -- A Part of the Nation's Energy Endowment,
USGS (1989). N o » o
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_ developmmtofthxspro_‘ectxs suspendedmtheyearmwhrchthlsoccurs TheDCFforeachpmjectlsevaluated

~in subsequent years for a positive value; at which ume exploratlon and development will resume.

Producuon from developmg pro;ects follows the generallzed produc tion proﬁle developed for and descn"bed in
j prevmus work conducted by DOE staff.? The specific assumptions used in this work are as follows

o a two to four year bmld-up penod ﬁ'om 1mt1al productnon to peak rate,
* peak rate sustamed for three to exght years, and. | |
L productxon rates decline by 12 or 15 percent after peal; rate is no longer maintained.

“The pace of development and ultimate number of wells dn]led fora pamallar field is based on the historical ﬁeld- ‘
- level proﬁle adJusted for ﬁeld size and other characteristics of the field (e.g. API gravity. )

After all exploratory and developmental wells have been drilied for any given prOJeot, development of the pro_]ect
is complete. For this version of the AOGSS, no constraint is placed on the number of exploratory or
developmental wells that can be dnlled for any prOJect All oomp]‘eted pro_;ects are added to the mventory of
producmg fields. .

Producmg Fields

' Oll and natural gas productlon from fields producmg as of the base year. (including Prudhoe Bay, Kuparuk,
Lisbume, Endicott, and Milne Pomt) are based on historical production patterns, remaining estimated recovery,
and announced development plans. Production ceases when ﬂow ‘becomes subeconomic; i.e., attams the assumed
minimum economic producnon fevel. .

‘ 'Natural gas producuon from the North Slope for sale to end-use markets is dependent on the construction of 2

~ major transportation facility to move natural gas to lower 48 markets.?! In addition, the reinjection of North Slope

. gas for increased oil recovery poses an operatxonalleconomlc barrier limiting its early extraction. Nonetheless,

" there are no extraordinary regulations or legal constraints interfering with the recovery and use of this gas. Thus, -
* the modeling of natural gas production for marketing in the lower 48 states recognizes the expected delay to

. maximize oil recovery, but it does not reqmre any further modifications from the basic procedure.

Forelgn Natural Gas Supply Submodule

This chapter describes the proposed structure for the Forelgn Natuml Gas Supply Submodule (FNGSS) w1th1n .
the Oil and Gas Supply Module (OGSM). FNGSS includes U.S. tradle in foreign natural gas via either the North
American pipeline network or ocean-going tankers.” Gas is traded with Canada and Mexico via pipelines. Gas

2“Potentzal Oil Production from the Coastal Plain of the Arctic Natzanal Wildlife Reﬁtge, EIA (1987) and Alaska Ozl and Gas -
Energy Wealth of Varushmg 0pportumty7 DOE/ID/0570-H1 (January 1991).

“Initial natural gas producuon from the North Slope for Lower 48 ma.rkets is affected by a delay reflecting a reasonable penod for’

CODS‘IIJCthI] .

2The cumtly proposed version of AOGSS does not mclude plans for an explicit method to deal with the issue of marketing ANS
gas as liquefied natural gas (LNG) exports to PacificRim countries. The working assumption is that sufficient recoverable gas resources
- -are present to support the economic operation of both a marketing system tothe Lower 48 states and the LNG export project.

.. PTheissueof fore:gn gas trade generally is viewed as one of supply (to the Umted States) because the Umted States is currently a
- net nnporter of natural gas by a wide margin, a srtuauon that i is expected to conltmue . ;
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. trade wnh other, nonadjacent countnes isin the form of hqueﬁed natural gas (LNG) and mvolves liquefaction,
. transportation by tanker and subsequent regamﬁcatxon To date, the United States has mportcd LNG almost
, cxcluswely from Algcna. B ‘

A detailed representanon of Canadtan gas trade has been dcvcloped Smce forecasts of fixed volumcs are not
adequate for the purposes of equlhbranng supply and demand, the submodule provides the Natural Gas
Transmission and Distribution Module. (N GTDM) with supply functions of Canadian gas at the U.S./Canadian
border points. Natural gas imports via plpclmc from Mexico are handled with less detail. LNG imports are
-modeled on the basis of importation costs, including producﬁon, liquefaction, transportation, and regasification.
Pro_|ected pipeline imports from Canada and LNG 1mports are subject to user assumptions regarding the timing. .~ .
and size of available import capacity. Natural gas exports, via pipeline or as LNG, are included in the National
‘Energy Modeling System (NEMS) as a set of exogenous assumptions. This section presents descnptlons of the
scparate methodologlcal approaches for Canadtan, Mexican, and LNG natural gas trade. : :

Canadlan Gas Trade

Tlns submodule determinies net Canadian natural gas supplies over arange of gas prices to the Umted States at
the six border crossing locations identified in Figure 9. The initial step in this procedure produces pmJectmns of
regional Canadian drilling activity and supply. Canadian demand is subtracted: from supply to determine gas -
~ available for export. Gas supply is allocated to regional Canadian/U.S border crossing points using an allocation

~ algorithm that accounts for the associated pipeline capacities and the price responsiveness of supplies at the
~ border points. The determination of the 1mp0rt volumcs thsmselves occurs in the equmbranon process of the
NGTDM ' \ . :

The approach taken t0 determine Canadxan gas supply differs from that used in the domestic submodu“lcs of the
/OGSM. Drilling activity is determined using an econometric model. Drilling acuvzty, measured as the number - .
of successful wells drilled, is estimated directly as a function of expected profitability rather than being derived
~ from a process of estimating and allocating drilling expendltures Successful wells are disaggregated by two fuel
 types: oil and gas. No distinction is made between exploration and development. Production from three Canadian
regions is estimated -- the Western Canadian Sedimentary Basin (WCSB) (Alberta, British Columbia, and -
Saskatchewan), the Northern Frontier (Arctic Islands and Mackenzie Delta), and Eastern Canada, Drilling activity
for the WCSB is determined using an econometric model. Fmdmg rate equauons are used to determine reserve
- additions; a reserves accounting procedure yields reserve estimates; and an estimated extraction rate detérmines
‘production potential for the WCSB. Production from the Northem Frontier and Eastern Canada regions, for which-
 there are very limited data, is determined exogenously from resource supply curves that relate resource availability
to price. Annual production ; from these regions is combined with WCSB production, yielding total Canadian
o domesﬁc producuon Total Canadlan supply mcludes natural gas received from the Umted States

.Forecasts of Canadian gas dcmand are based on &stnnaws madcby the Canadlan Natwnal Energy Board Westzm

Canadian gas demand is subtracted from total Canadian supply to determine available export supply The gencral» L

methodology employed for esumatmg Canadxan gas trade is dep:cted in Flgure 10
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;I'_-'i’vguly'e 9. Foreign Nat‘u*ral Gas 'Tra_de via -Pipeline’

Western canadién Sedimentary Basin
Calculation of Discounted Cash Flows

Expected discounted cash flows (DCF) associated with drilling representative oil and gas wells in the WCSB are
calculated for each vear t.* The DCF reflects expected revenues; less expected costs and taxes, all in present |
" value terms. Expected revenue is based on expected production, over the life of the well, and expected prices.
" Expected production over the life of a representative well is based on the well's first year of production and the
associated decline rate, by fuel type. ‘ : o o

. The world oil price and regional gas prices at the U.S./Canadian border for year t are received from the Petroleum
Marketing Module (PMM) and the NGTDM respectively. An average Canadian wellhéad gas price is determined
as the weighted average of border prices less the markups from the field to the border crossing points. The
weights are based on the flows of gas from the field to each border crossing point in the prior period. The
Canadian wellhead prices for oil and gas, tqgethcr with the expectations assumed, generate future price streams
on which expected revenues are based. The subject of price expectations is presented in Appendix 4-A. ~ ~ -

*See Appendix 4-A at the end of this chapter for a detailed discussion of the basic DCF methodology. The tax provisions described
in this appendix are based on U:S: tax laws. The applicable provisions of Canadian tax law have been incorporated into the implemented
DCF routine in the FNGSS. .~ ' , ‘ \ R : ,
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Figure 10. A General Outline of the Canadian Algorithm ,of ihe FNGSS.
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Drilling, lease equipment, and operating costs per well for year t are received from the cost routines described s
 below. The drilling and lease equipment costs per well constitute the initial capital costs and are assumed to be ‘
 incurred entirély in year t.2* Operating costs are incurred over the life of the well beginning with a half year of
" operation (assuming uniform occurrence of initial production for each new well throughout the year). The estimate-

~ of operating costs per well in year t yields the future stream of expected operating costs per well:

Calculation of Costs ‘

-Costs dlffCl’ Wxthm the model for successful wells and dry holes. CQs;ts are categorized functionally within the ) o

" model as:

e -Dxillingcosté‘ .
L2 Léasc equipment costs
] Operatiﬁgwsts (includix}g prbducﬁon fééiliﬁes and general and admiﬁislraﬁve costs) :
Relevant cost functions include TECH factors that promonmiy adjust costs to reflect an annual decline due -

to technological improvements over time measured from the base year of the model. Such declines would be
relative to what costs would otherwise be. TECH is a user specific input in the model with a prespecified default

‘value. Enhancements to this approach is an area for consideration in later data and model development.

.Drilling Costs. Dnlhngcosts represent the expenditures for drilling successful wells or dry holes and for

equipping successful wells through to the "Christmas tree” installation. The "Christmas tree" refers to the valves.

" and fittings assembled at the top of a well to control the fluid flow. Elements that are included in drilling costs .

. are labor, material, supplies, direct overhead for site preparation, road building, erecting and dismantling derricks

and drilling rigs, _c‘hilling,nmn:ing and cementing casing, machinery, tool changes, and rentals. Lease equipment
required for production is included as a separate cost component, and covers equipment installed on the lease

~ downstream from the Christmas tree.

The average cost of drilling a well in the WCSB inyeé‘r t 1s _given by:

" DRILLCOST,, = DRILLCOST, , * (-TECHD) . S S ,(6‘9)-’
where, .
.t‘-—'- forecastyear ~ = - _ :
= "k = fueltype(lforoil,2forgas) - " -
DRILLCOST = dilling costs, in Canadian dollars, of a successful oil or gas well
TECHT =

assumed annual decline in costs due to improved technology.
The costs of drilling a dry hole are formulated in a like fashion: | |

DRYCOST, = DRYCQST,_, « (1-TECH1) S ! S 0.

*Western Canadian Sedimentary Basin oil and gas pfos;:ects will be modeled as single year invactmén&.
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~ where,

L t = - forecastyear

" DRYCOST = drilling costs for a dry well in Cahadian dollars R
TECH1 = assumed annual decline in costs due to improved technology.

'Lease Equipment Costs. Lease equipment costs: include the cost of all equipment extending beyond the
Christmas tree, directly used to obtain production from a drilled lease. Three categories of costs are included:
- producing equipment, the gathering system, and processing equipment. Producing equipment costs include
* tubing, rods, and pumping equipment. Gathering system costs consist of flowlines and manifolds. Processing N
equipment costs account for the facilities utilized by successful wells. The lease equipment cost estimate for a
_pew oil or gas well is givenby: - ' B : T

e

LEQUIPCOST, , = LBQUIFCOST,,, = (-TECH2) - o an
where, |
t "'forccasiyear~~ ‘ - )
k fuel type (1 for oil, 2 for gas)

-, lease equipment costs mCanadlan dollars

TR |

~ LEQUIPCOST , Sana , S
’ - TECH2 assumed,an_nu‘al decline in lease eqt_lipmcnt costs due to improved technology.

Operating Costs. Operating cost data, which are input on a per well basis, include three main categories of
~ costs: normal daily operations, surface maintenance, and subsurface maintenance. Normal daily operations are . -
- further broken down into supervision and overhead, labor, chemicals, fuel, water, and supplics. Surface
maintenance accounts for all 1abor and materials necessary to keep the service equipment functioning efficiently
and safely. Costs of stationary facilities, such as roads, are also included. Subsurface maintenance refers to the
repair and services required to keep the downhole equipment functioning efficiendy. : ' S

The cost of operating a well is giyén by:

OPCOST,, = OPCOST,,, « A-TECH®) . . = N )
~ where,
t forecastyear
k fuel type (1 for oil, 2 for gas)

 OPCOST

wowon e

! operating cost in Canadian dollars S
-+ . TECH3 ~assumed annual decline in operating costs due to improved technology.

’ Dnllmg costs, leasc equipment costs, axid/opcrati_ng costs are integral componehis of the discoun,téd cash flow
analysis. L e o \ . :
 ‘Treatment of Costs in the Model for Tax Purposes. The applicable provisions of Canadian tax law for oil and \'
~ gas producers™ have been incorporated into the discounted cash flow (DCF) analysis. The DCF assumptions are
" consistent with standard accounting methods and with assumptions used in similar- modeling efforts. :

26Applicable provisions in{:lude such factors as determination and depreciation. The identification of relevant provis{ons and théir
. representation with the DCF methodology will occur as part of a research effort that is not yet complete. ) s
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Discounted Cash Flow Analysis

| For each year t, the dzsoountcd cash flow fora successful well of fuel type k is calculatcd as the prescnt value of
revenues less the present value to costs and taxes. That is,

: YSUCDCF (PVREV PVROY DRILLCOST - LEQUIPCOST PVOPCOST

- PVPROVTAX - PVPEDTAX)k_‘ RS L IR () R
where,
: 't = forecast year ’ _
! .k - = fuel'type (1 foroil, 2 forgas) e
SUCDCF,, = discounted cashflow for a successful well
PVREV = present value of expected revenues including the expectzd revenucs from the sale .
E . of the co-product fuel .
_ PVROY =  present value of expected royalty paymcnts
DRILLCOST =  drilling costin yeart
LEQUIPCOST = = lease equipment costs in year t , :
"~ PVOPCOST = = present value. of expected operating cost :
- PVPROVTAX = present value of expected income taxes to Canadian Provmccs
B PVFEDTAX =

prcsent valuc of expected fcderal corporatc income taxes.

vThc assoc1atcd DCF for an unsuccessﬁll well in year tis equal to:

'DRYDCFI’= -‘(1’ - PEDTI‘XR) ‘- 'PROVIXR) #{D}RYCOST( R o o (74)
Wherc, ‘
DRYDCE = discounted cash flow for a dry well
FEDTXR =. Canadian corporate tax rate
PROVTXR = weighted average provincial corporate tax rate
DRYCOST = dry holc costs.

The expec’(ed DCE from dnlhng a rcprcsentatlve prospect of fuel type kisa wclghtcd sum of the represcntatnve o
' DCFsofa successf_ul and unsuccessful well, where the weights are the respective probabilities. In other words,

DCE,; = SR = SUCDCE,; + (1 - SR) * DRYDCFt o o as)
where,
| SR = successrate.

This expression accounts for the expected discountéd cash flow from a representative oil (gas) well, and

- incorporates expected revenues, cxpectcd costs (capltal and operanmg) expected taxes, and the risk assoc:lated S

: w1th dnllmg an oil (gas) well.
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Wells Determination: Econometric model ;

The total number of sucocssful wells drilled by fuel type in each year tis forecasted ccon_ometﬁcally using the
representative DCF's for each fuel type. Specifically, : T L .

= B0, + 1, * DCE,, =+ B2, » DUMS3, + p,  WELLS,, -, * a6

B0, - p, *Bl, * DCE,,, - p, * 2, » DUMB3, ,
for(k=yoil,gas o ' T o
wherc,_' |
. WELLS,, = number of successful wells of fuel type k (both exploration and development).
o - drilled in time periodt, . . - N ~ _
DCF,, = expected discounted cash flow from drilling a representative prospect of fuel type
7 kintimeperiodt o | I
DUMS3 = = dummy variable equal to 1 after 1982
.88, = econometrically estimated parameters..
* Reserve Additions

The Reserve Additions algorithm calculates units of oil and gas added to Western Canadian Sedimentary Basin
~_proved rcserves} The methodology for conversion of oil or gas resources into proved reserves is a critically
important aspect of supply modeling. The actual process through which oil and gas become proved reserves is
.. ahighly complex one. This section presents a methodology that is representative of the major phases that occur, -
- although, by necessity, it is a simplification from a highly complex reality. ‘

Oil and gas reserve additions are calculated using a finding rate equation. Typical finding rate equations relate

reserves added to wells or feet drilled in such a way that the rate of reserve additions declines as more wells are

drilled. The reason for this is, all else being constant, the larger prospects typically are drilled first. Consequently, -

' the finding rate can be expected to decline as a region matures, although the rate of decline and the functional
forms are a subject of considerable debate. o ST ‘

Functional Forms. The proposed model adopts the basic structure of the previous EIA Canadian supply model
- to determine Canadian reserve additions. Specifically, Canadian oil or gas reserve additions are a function of the -
cumulative mumber of successful wells drilled, the estimated economically recoverable resource base for the fuel,
and the rate of technological change. ST o R :

The finding rate equation for each fuel type is defined by:

R, - R, - op(-d,, * SUCWELLS,) » (+FRTECH) L an
“where, O L
k= fueltype (1 for oil, 2 for gas)
~ FR = findingrate - T e
SUCWELLS,, = successful wells of type k drilled in time period t
.. & = findingrate decline parameter (6>0)-
FRTECH, =

_ finding rate technology factor.
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Tn this specification, the yield from successful drilling begins at the initial finding rate for each period, l""R,"t 1» and
-declines exponentially as drilling continues, but technological progress can reduce or even reverse this decline.
. This form is consistent with the methodology presented in Appendlx 4C. The decline parameter, 9, is estimable
~from the finding rate equation, given an estimate for ultimate recovery. A smaller estimate for the economically
reeovetable resource base would result in a more rapld decrease in productivity for the same levcl of cumulative
drilling: a. larger valuc of 5.

= 'ERkJ-]_, X . - 5 - N : ‘ S
- Q x (L0~ TECH)™ - CUMRES,, N

where,
t = forecast year -
k = fuel type (1 for oil, 2 for gas) ' ’ :
FR = finding rate (millions of barrels in the case of 011 blllion of cublc feet in the case

: -of gas) - : ,

'FRMIN =  minimum economic finding rate
Q = economically recoverable: resource estimate

TECH = technology factor ‘
- .. T = base year of the forecast ’ ’
CUMRES - = *_cumulative reserve dlsoovenes over the projection penod (mmal value 0).

The denominator is the remammg economically rccovcrablc resource estimate in a g1ven pcnod so the
cumulative reserves found over time must be deducted. :

. The minimum economic ﬁndmg ratc FRMIN, is mcorporated into <,quat10n (80) 0 that the cumulanve reserve
discoveries match the economically recoverable resource estimate when the yield from wells drilled falls to the
economic minimum. Equation (80) also incorporates the benefits of technological change. Technological change
is expected to improve the productivity of drilling by i increasing the physical retumns per drilling unit from what
it otherwise would have been. Technological change is introduced through modifications of the initial
economically recoverable resource estimate, thus affecting the value of the finding rate decline parameter, 8. It
reflects the assumptions that technological change occurs over time and its effect is realized in the expansion of -

" the resource estimate, thus lessening the decline rate of productmty and resulting in higher yields to drilling,

relative to what they otherwxsc would have been. The growing recoverable volume necessnatcs recomputmg o
in each period. : .

Total reserve additions in period t 1s given by:
RA,= [ PR, AWELLS) » | 9
WELLSp 1 Lo o , , : T

Flnally, total end-of-year proved reserves for each period equals proved reserves from the prcvmus pcnod plus
new reserve addmons less productmn

Rkt';Rk.t-l +kRAk.t _‘Qi:,t ’ | .' N ’ S . .\ | (80)
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where,

t = forecastyear S
"k = faeltype (1 for oil; 2 for gas)
R = end-of-yearreserves
Q= production
RA =

“reserve additions.
(All'volumcs in millions of baxrcis or biﬂions of cubic feet.)
‘Gas Production
" Production is commonly modeled using a production to reserves ratio. A major advantage to this approach is its
transparency. Additionally, the performance of this function in the aggregate is consistent with its application on.
 the micro level. The production to reserves ratio, as the relative measure of reserves drawdown, represents the - .

rate of extraction, given any stock of reserves.

 Canadian gas production in yeaf tis given by:

o RPN | P | | S
Quer = Reugy * O * (1 + By, * P =) o e 81 -
: . _ gasit-1 . ’ . . . o v
. where, -
R, = - end-of-year gas reserves in periodt-1 . .
Q. = gasexiraction rate in period t-1 (measured as the production 10 reserves Tatio at

/ the end of period t-1) : o R L
P... = gasnetback price at the wellhead inperiodt

B = estimated short run price elasticity of extraction -

AP, . = (P Ppusy1)s the change in price from t-1 to .

~ The proposed production-equation relies on price induced variation in the extraction rate to determine short run

~ supplies. The producible stock of reserves equals reserves at the end of the previous period. The extraction rate -
for the current period, Q,,,,, is assumed as the approximate extraction rate for the current period under normal
-operating conditions. The product of Ry, ; and Q. is the expected, or normal, operating level of production for -

Supplies from the Northern Canadian Frontier and Eastern Canada

Frontier production in FNGSS was to be determined as a sequence of predetermined estimates drawn from
analysis of other analysis groups, such as the National Energy Board (NEB) of Canada” and the National
Petroleurn Council (NPC). The NEB work published in June 1991 indicates that the economics of frontier gas
~recovery and ‘transportation prevent the occurence of frontier flows until at least 2004. Subsequent
 communication with NEB staff indicate that their reassessment ‘of frontier potential would delay frontier
- development until after 2010. Similarly, NPC analysis™ showed that northern frontier gas would not be developed
until after 2010 under most scenarios. Eastern Canada gas would occur only at the end of this period. '

TSee, for example, Supply and Demand: 1 990-201 0, June 1991.
®The Potential for Natural Gas inthe United States, December 1992.
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"The prcsent 1mplementat10n of OGSM reflects the assumptlon that nexther the nonhem nor eastern frontier
Canadian gas sources will be developed until after 2010. This assumptlon appears reasonable in light of the
results that other productlve areas show sufﬁaent producuve potcnnal to meet expccted internal CanadJan as well
as U S. demands.

' Allocatlon of Natural Gas Productlon to Canada and the Canad:an/U S. Border
Canadlan natural gas producﬂon for export to the United States is (esumated in several stages. First, an nutxal

- estimate of the wellhead price (P,,,) is used to determine. aggregate C,anadlan gas production at the wellhead and
L aggregate Canadian dcmand Total gas production available for export is estlmated as,

‘Qm=ans.:'.Dgs.c e : . .’ | , | (82_)‘
where, N
- Qu: = Canadlan gas available for export -
Qm,t' ‘= Canadian gas production
s = Canadian gas consumptton »o

.The second stage of the procedure determmm the allocation. of the gas available for export among the six
Canadian/U.S. border points; This aspect of the methodology is intrinsic to the U.S. market equilibration that
occurs in the NGTDM. The details of this proccdme are prov1dcd in the methodology documentation for that

- modulc . :

Mexicah Gas Trade

_ Mexican gas u'adc isa h1ghly complcx issue. A range of Noneconomic factors will mﬂuence, if not determine,
- future flows of gas. between the United States and Mexico. Uncertainty suxroundmg Mexican/U.S. trade is so
- great that not only is the magnitude of flow for any future year in doubt, but also the direction of flow. Reasonable
scenarios have been developed and defended in which Mexico may be either a net importer or exporter of
hmdreds of billions of cubic feet of gas by 20103

' The vast lmoettamty and the mgmﬁcant influence of noneconomic factors that influence Mexican gas trade with
the United States suggest that these flows should be handled on & scenario basis. A method to handle user-
specified path of future Mexican imports and exports has been incorporated into. FNGSS. This outlook has been
developed from an assessment of current and expected industry and market circumstances as indicated in industry
announcements, or articles or reports in relevant pubhcauons The outlook, regardless of its source, is fixed, and
so it will not be price responsive. -

*Consumption will be determined e:idogenously from demand functions, depending on avaﬂablhty of appropriate functional forms
and parameter estimates from external sources, such as the Canadian National Energy Board. If these analytical elements are not
available, Canadian consumpuon will be an exogenous input based on publishe! outlooks from other agencies.

. ®For example, the National Petroleum Council study The Potential for Natural Gas in the Unlted States, December 1992.
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Liquefied Natural Gas R

Liquefaction is a process. whereby natural gas is converted into a liquid that can be shipped to distant markets
that otherwise are inaccessible. Prospects for expanded imports of LNG into the United States are beginning to.
" improve in spite of difficulties affecting the industry until recent years. Various factors contributed to the recent
reemergence of LNG as an economically viable source of energy, including contracts with pricing and delivery
flexibility, a growing preference toward natural gas due to the lesser environmental consequences for bumning it-
~ versus other fossil fuels, and diversification and security of energy supply. The outlook for LNG imports also
~depends on customers' perceptions regarding supply reliability and price uncertainty. T

| Detérmining U.S. Imports and Exports of NG

Supply costs are input to the FNGSS These supply, or delivery, costs of LNG measure all costs :including
regasification; that is, gas made ready for delivery into a pipeline. These values serve as economic thresholds that

must be achieved before investment in the potential LNG projects occurs.

Imported LNG costs do not compete with the wellhead price of dome‘stically produced gas; rather, thesé costs

.- compete with the purchase price of gas prevailing in the vicinity of the import terminal. This is a significant

element in evaluating the competitiveness of LNG supplies, since LNG terminals vary. greatly in their proximity
to domestic producing areas. Terminals closer to major consuming markets have an inherent economic advantage

' over distant competing producing areas because of the lower transportation costs incurred. . '

In addition to the cost estimates, however, certain operational assumptions are required to complete the picture.
" Dominant factors affecting the outlook are: expected use of existing capacity, expansion at sites with existing
 facilities, and construction at additional locations. The FNGSS requires specification of a combination of factors: -
available gasification capacity, scheduled use of existing capacity, schedules for and lags between constructing
and opening a facility, expected utilization rates, and worldwide liquefaction capacity. The current version of the
FNGSS implicitly assumes that tanker capacity becomes available as needed to meet the transportation
_requirements. : ~ S o P
- A key assumption for any LNG outlook from FNGSS is that all major operational or institutional difficuities have
been incorporated into the recognized allowable schedule for ‘capacity operation and expansion. No other
difficulties arise that are not resolved expeditiously. ' , , ‘o o
LNG Imports from Existing Capacity -
" There are four existing LNG terminal facilities in the United States, one each at Everett, Massachusetts; Lake
Charles, Louisiana; Cove Point, Maryland; and Elba Island, Georgia. The latter two terminals are currently idle
Given the rather low variable costs (generally under $1.00 for liquefaction, tanker transportation, and
' regasification; but not including production), one can argue that the import volumes for these facilities have not
been, and are not expected to be, determined on the basis of full cost recovery. The schedule for reopening these
facilities are drawn from the announced plans for each import terminal, and modifications can be readily
introduced at the user's request. - ' S o ’
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‘LNG Imports from Capaclty Expansuon

Capacity expanslon refers to addmonal capacxty at the four sites thaLt have capamty at present The presence of

a facility may be judged as reliable evidence that the local commumity has demonstrated tolerance for the facnhty o '

and associated operaﬁons The contmuauon of such tolerance is aceepted as a working assumption. .

The costs of capacity expansmn are assumed to be consistent with those for new conslrucuon Required
- operational assumptions include the lag in capacity expansion and the buildup period for full utilization of the
‘incremental capacity. The difference in timing between the attainment of prices adequate to initiate capacity -
‘expansion and the initial operation of that expanded capacity is assumed to be one year. Given a required
construction period likely exceeding one year, this assumption is consistent with some degree of antmpauon of

- the growth in prices by the operators of the famhty

New Construction

Increases in LNG deliveries beyond expanded capacxty at existing sites require capacny expansmn at sites other

than those where facilities are currently located. New capacity construction requires a set of working assumptions

that are either user spec1ﬁed or default parameters. Major operational assumptions include: - '
o Selected start dates before Whlch construction of LNG 1erm1nals on new sites would not be allowed
o Des1gn capacxty and uuhzatmn rates for the newly conslructed capacxty

¢ Regional loeanons for new construction sites!

e Price increments that would bring forth additional LNG import capacity.

*'The siting of new facilities in the United States s a controversial issue that is not addressed analytically.
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Appendlx 4-A Dlscounted Cash Flow Algorlthm
‘ Introductlon

The basrc DCF methodology used in the Oil and Gas Supply Mogule (OGSM) is apphed for a broad range of

oil or natural gas projects, including single well projects or multiple well projects within a field. It is designed to

capture the affects of mmlti-year capital investments (eg., offshore platforms). The expected discounted cash flow

-~ value associated with exploration and/or development ofa project with oil or gas as the pnmary fuelina glven
region evaluated in year T may be presented ina styhzed form (Equatlon ). .

'DCF-r (PVTREV - PVROY PVPRODTAX PVDRILLCOST PVEQU]P - : : (1)

PVKAP PVOPCOST PVABANDON . - PVSIT PVFI’I').r
where,
T = yearofevaluation
PVIREV - = present value of expected total revenues
PVROY = present value of expected royalty payments
PVPRODTAX = present value of expected production taxes (ad valorem and severance taxes)
PVDRILLCOST = =  present value of expected exploratory and developmental dnllmg expendttures
PVEQUIP = presentvalue of expected lease equipment costs = - o
PVKAP ‘= present value of other expected caprtal costs Q. e, gravel pads and offshore
S platforms) =
- PVOPCOST =  present value of expected operating costs
PVABANDON = - present value of expected abandonment costs - ,
' "PVSIT . = present value of expected state corporate income taxes ,
PVFIT = / present value of expected fedleral corporate income taxes.

-Costs are assumed constant over the mvestment life but vary across both region and pnmary fuel type. This
assumption can be changed readlly if requrred by the user. Relevant tax provisions also are assumed unchanged
over the life of the investment. Operating losses incurred in the initial mvestment period are carned forward and -
used against revenues generated by the prOJect in later years. - :

/

The followmg sections descnbe each component of the DCF calculauon Each vanable of Equatron (1) is
discussed starting with the expected revenue and royalty payments, followed by the expected costs and lastly the -
expected tax payments ' .

Present Value of Expected Revenues, Royalty Payments
and Productnon Taxes

Revenes from an oil or gas project are generated from the p‘roducti_on,and sale of both the primary fuel as well
as any co-products. The present value of expected revenues measured at the wellbead from the production of a
representative project is defined as the summation of :yearly expected net wellhead price! times expected

l'Ihe DCF methodology accommodates price expectauons that are myoplc adapuve or perfect. . The default is myoprc
- eéXpectations, so pnces are assumed to be constant t.hroughout the economic evaluatmon penod .
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productlon2 dlscounted atan assumed rate The present value of expected revenue for exther the primary- fuel or
its co—product is calculated as follows ,

. ._.T’“ ' ‘ o1 1 f l 1fpmnaryfue1 . ' -
PVREVy, = 3 [Qu: * A x Py x [M,sc]] A= {COPRD Hoeoonday ol @
 where,
k = fuel type (011 or natural gas)
t =  timeperiod: ~
n =  number of years in the evaluation period
disc = expected discountrate = .
Q = expected production volumes
P = expected net wellhead price
~ COPRD ' =" co-product factor.?

- Net wel]head price is equal to the. market pnce minus any transportatlon costs. Market prices for oil and gasare
defined as: the price at the receiving refinery for oil, the first purchase price for onshore natural gas, the pnce? :
at the coastline for offshore natural gas, and the pnce at the Canadian border for Alaskan gas.

‘ The present value of the total expected revenue generated from the representaﬂvc pro_;ect 1s
'PVIREV; - PVREVy, + PVREV;, o o B
where,

present value of expected revenues generated from the primary fuel
present value of expected revenues generated from the secondary fuel.

PVREV,,
PVREVTz

Present Value of Expected Royalty Payments

The present value of expected royalty payments (PVROY) is snnply a percentage of expected revenue and is
equal to:

‘PVROY, = ROYRTI*PVREVT., + ROYRT,*PVREV, = . - @
' where,
~ ROYRT = royalty rate, expressed as‘a fraction of gross revenues.

N ~

2I'Zmecte:d production is determined outmde the DCF subroutine. ‘The determ ination of expected productlon is descnbed in
Chapter 4. N

-*The OGSM determines coproduct producuon as proport.lonal to the pnmary product productxon COPRD is the ratio of units of
coproduct per unit of primary product. _ »
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* ‘Deep Offshore Royalty Relief -

The Outer Co'ntiriental Shelf Deep Water Royalty Relief Act (Public Law 104-58) gives the Secretary of Interior
the authority to suspend royalty requirements on new production from qualifying existing leases and requires that
 royalty payments be waived on new leases sold in the next five years. The OGSM evaluates profitability on a
project basis not by lease, therefore assumptions are made as to how many projects will be affécted and when. =
The basic approach is to assume the maximum percent of projects that will be granted royalty relief, the number

" “of years to reach this maximum, the number of years at the maximum,'and then how many years it will take until
10 projects are granted relief. Based on these user specified values, the initial royalty rate (ROYRT) is adjusted. -

ROYRT = ROYRT«(1-frac). L e
frac =  fraction of deep water projects with no royalty requirements.

The present value of the éxpectad royalty payménts is »célculatéd as shown in equation (4). |

~ Present Value of Expected Production Taxes

Production taxes consist of ad valorein and severance taxes. The present value of expected production tax is given

by: .

PVPRODTAX, - PVREV, +(1 -ROYRT-PRODTAX, + PVREVz;e (g
(1-ROYRT,)*PRODTAX, - , - - . -

where, -
PRODTAX = | production tax rate.

- PVPRODTAX is computed as net of ‘royalty payments because the investment anal’ysié is conducted from the

point of view of the operating firm in the field. Net production tgx payments represent t.hé burden on.the firm .
_ because the owner of the mineral rights generally is liable for his/her share of these taxes. - '

Present Value of Expected Costs

Costs are classified within the OGSM as drilting costs, lease equipment costs, other capital costs, operating costs
(inclading production facilities and general/administrative costs) and abandonment costs. These costs differ
among successful exploratory wells, successful developmental wells, and dry- holes. The present value
calculations of the expected costs are computed in 2 similar manner as PVREV (i.e., costs afe discounted atan

' assumed rate and then summed across the evaluatiqn period.)

Present VaiUe of Exbect’ed Drilling Costs

Drilling costs represent the expenditures for drilling successful wells or dry holes arid for vequripping successful
wells through the Christmas tree installation.* Elements included in drilling costs are labor, material, supplies and

“The Christmas tree refers to the valvés and fittings assembled at the top of a well to control the fluid flow.
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direct overhead for site preparatlon road buxldmg, erectmg and dlsmantlmg derncks and dnllmg ngs dnllmg,
nmmng and cementmg casing, machmery, tool changes, and rentals

The present value of expected dnllmg costs is given by:

T ; ; T+p o ) : .
PVDRILLCOST, = 3. {[cosrsmy* SR, *NUMEXP, + COSTDEV,«5R, *
2T oowe=T F S . o . .
NUMDEV;, + COSTDRY, *(1-SR,)» NUMEXP, + o

- . . ) 1 \ 1-T ’
COSTDRY .., *(1-S NUMDEV —
' m(,R2)* ‘ ‘]*(l*fclisc}]

where,

COSTEXP = . drilling cost for a successful exploratory well -
o SR =  success rate (1=exploratory, 2=developmental)

COSTDEV =  drilling cost for a successful developmental Well .
COSTDRY = drilling cost for a dry hole (1=exploratory, 2-developmental)
NUMEXP = number of exploratory wells drilled in a given period =~

NUMDEV = number of developmental wells drilled in a glven penod

pThe number and schedule of wells drilled for a oil or gas pro_]ect are supphed as part of the assumed producuon
profile. This is based on hrstoneal dnllmg actlvmes
. Present Value of Expected Lease Equnpment Costs

,Lease equipment costs include the cost of all equlpment extending beyond the Chrlstmas tree, directly used to
. obtain production from a drilled lease. Three categories of costs are included: producing equipment, the gathering -

. system, and processmg equipment. Producing equipment costs include tubing, rods, and pumping equipment. -

Gathering system costs consist of flowlines and manifolds. Processing equipment costs account for the facrhtres -
- utilized by successful wells The present value of expected lease eqmpment cost 18 -

. R T+n ) ) =T ) . B
. PVFQUIPT E EQUIP, (SR *NUfVlEXP + SRz*NUN[DEVl) [1 ldls } ] | ; (8)
. o ) -+ C ] . . \
where,
EQUIP = lease eqtﬁpment\oosts per well.”’

Present Value of Other Expected Capltal Costs -

Other major capital expenditures include the cost of gravel pads in Alaska, and offshore platforms. These costs -
- are exclusive of | lease eqmpment costs. The present value of other expected capltal costs 1s calculated as:

41+ disc

P
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where,

KAP =  other major capital expenditures, exclusive of lease equipment. -

Present Value of Expected Operating Costs
Operating costs include three- main catsgories of costs: normal daily operations, surface maintenance, and
- subsurface maintenancé. Normal daily operations are further broken down into supervision and overhead, labor,
chemicals, fuel, water, and supplies. Surface maintenance accounts for all labor and materials necessary to keep
the service equipment functioning efficiently and safely. Costs of stationary facilities, such as roads, also are
‘included. Subsurface maintenance reférs to the repair and services required to keep the downhole equipment .
functioning efficiently. ‘ o R :

, Total operating odst in time t is calculated by _rm:ltiplying the cost of operatmg awell by' the number of pfoducing
- wells in time t. Therefore, the present value of expected operating costs is as follows: : : :

SR o S o
PVOPCOST, = 3° |OPCOST;+ 3 [SR, NUMEXP, + SR,*NUMDEV,] *
, TS & - T i , + SRy* NI X

- ao)
‘where,

" OPCOST = operating costs per well.

~

: Present Value of Expected Abandonment Costs - :

‘Producing facilities are eventually abandoned and the cost associated with equipment renioval and site restoration

is defined as ,
o T S L B . : L
PVABANDON, = Y| COSTABN; * [—-——} SR , L (11
AR = 4 B 1+disc). | : e K

where,

' COSTABN = abandonment costs.
Drilling costs, lease equipment costs, operating COsts, abandonment costs and other capital costs incurred in each
- individual year of the evaluation period, are integral components of the following determination of State and
Federal corporate income tax liability. : . . : ’ ' -
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Present Value of Expected Ilncome Taxes

" An unportant aspect of thc DCF calculanon concerns the tax ucauncnt. All expendltm'es are divided mxo
© " depletable’; depreciable, or expensed costs according to current tax laws. All dry hole and operating costs are ,

. expensed. Lease costs (i.e., lease acqmsmon and gcologlcal and geophysical costs) are capitalized and then-

_amortized at the same rate at which the reserves are exiracted (cost depletion). Drilling costs are split between
tangible - costs (depremablc) and intangible drilling costs (IDC's) (expensed). IDC's include wages, fuel,
transportation, supplies, site preparation, dcvelopmcnt, and repairs. Depreciable costs are amortized in accord. .
with schedules estabhshcd under the Modxﬁcd Accelerated Cost Recovery Systcm (MACRS) '

, Kcy changcs in the tax provxslons under the tax leglslanon of 1988 mcludc
s .. Wmdfall Proﬁts Tax on 011 was rcpcalcd
- e Invcstment Tax Cred:ts‘wcrc chmmatcd.
‘@ Depreciation schedules shifted to a Modified Accelerated Cost Recovery S‘)rstem.
Tax ﬁrovisions Vary with typc of producer (inajof, large indepcndcnt, or sinall independent) as ShoWn in Table
1. A major oil company is one that has integrated operations from exploration and development through reﬁmng 3
or distribution to end users. An mdepcndent is any oil and gas producer or owner of an interest in oil and gas
property not mvolved in integrated operauons Small independent producers are those with less than 1,000 barrels

per day of production (oil and gas equivalent). The present DCF methodology reflects the tax treatment provided -
by cun'cnt tax laws for Iarge mdepcndcnt producers A

s'I]:ie DCF methodology does not include lease acqmsmon or geologn:al & ge:ophys:cal expendltures because they are not
relevant to the mcremental dnl.hng decxsxon / )
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Table 1. Tax Treatment in Oil ancl Gas Productlon by Category of Company Under Current Tax ,

| Operating Costs

‘Operating Costs

Legislation
Costs by Tax Treatment Ma]ors . Large_ !ndepéndents Small lndepenqents .
Depletable Costs Cost Deplgtion Cost Dépleﬂon” ’ ,Ma);‘(,imom of ﬁérgentége
/ S ‘ : ‘ or Cost Depletion’
G&G® G&G i G&G ,
| Lease Acquisition . Lease Ac,quiéition - Lease Acquisition
Depreciable Costs | macrs: MACRS MACRS
Lease Acquisjtio_n Lease Aoquisition S I.,ease,Acquisition
| Other Capital Other Capital’ GCther Capital
Expendwtures | Expenchctures Expendictures
Successful We" Dﬂ“lng ’ Successful We“ Dﬂlllng ‘ SuCcessful We“ Dri“ing
Costs Other than IDC’s Costs Other than IDC'’s. Costs Other than IDC’s
| B-year sLme :
20 percent of IDC’s
Expensed Costs Dry Hole Costs * - Dry Hole Costs - Dry Hole Costs
o 80 percent of IDC's 80 percent of IDC's 80 percent of IDC's
N Operating Costs

The resulting present value of,expected'taxabl_e income (PVTAXBASE) is givenby:

-~

PVTAXBASEr Z (TREV -ROY, PRODTAX OPCOST, - ABANDON, - XIDC

=T

where,

Boe -

TREV

ROY
PRODTAX
‘OPCOST

ABANDON

XiDC

AIDC

' DEPREC

A]DC,—’DEPRECt-DHC‘) * (

( 1 t-T|
1+disc}, o

0 T 1 T | A (A |

Wounonon

year of evaluation

~ time period :
number of years in the cvaluauon pcnod
~ expected revenues

N

expected royalty payments

_ expected production tax payments
expected operating costs, ’
~ expected abandonment costs

“expected expensed intangible drilling costs
expected amortized intangible drilling costs® :
expected depreciable tangible drilling, lease eqmpment costs, and other capltal

* expenditures

(12

"I‘hxs vanable is mcluded only for completeness. For large mdependent producers, all intan glble dnlhng costs are expensed
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-« “expected dry hole costs
expected discount rate.

* DHC

TREV, ROY, PRODTAX, OPCOST, and ABANDON, are the nondiscounted individual year values as defined
* in equations (6), (7), (8), (12), and (13)-respé¢tiv¢ly. The following sections describe the treatment of expensed
~ and amortized costs for purpose of determining corporate income tax liability at the State and Federal level.

Expected Expens,ed Costs

; , Expensed costs are intangi"ble drilling costs, dry hole costs, operating costs, and abandonment costs. EXpenséd‘ -
- costs and taxes (including royalties) are deductible from taxable income. o :

Expected Intangible Drilling Costs

- For large independent producers, all intangible drilling costs are expensed. However, this is not true across the

- producer category (as shown in Table 1). In order to maintain analytic flexibility with respect to changes in tax
provisions, the variable XDCKAP (representing the portion of intangible drilling costs that must be depreciated) .

is included. Expected expensed IDC's are defined as follows: " ’ L o

XIDC, = COSTEXPT'*(I—EXKAP)*(I-XDCKAP)*SR,*NUI\/IEXP‘+/ : ;
. COSTDEV; * (1.- DVKAP) » (1 - XDCKAP) * SR, * NUMDEV, | S (13)

where,

. COSTEXP drilling cost for a successful exploratory well

EXKAP = fraction of exploratory drilling costs that-are tangible and must be depreciated
XDCKAP = fraction of intangible drilling costs that must be depreciated’
- SR = success rate (1=exploratory, 2=developmerital) _
NUMEXP = number of exploratory wells o
COSTDEV = drilling cost for a successful developmental well
DVKAP = fraction of developmental drilling costs that are tangible and must be depreciated
- NUMDEV - =  number of developmental wells. - ‘ o , ;

- If only a portion of IDC's are expensed (as is the case for major producers), the remaining IDC's must be

- depreciated. These costs are recovered at a rate of 10 percent in the first year, 20 percent annually for four years,
and 10 percent in the sixth year, referred to as the 5-year Straight Line Method (SLM) with half year convention.
If depreciable costs accrue when fewer than 6 years remain in the life of the project, then costs are recovered using -
a simple straight line method over the remaining period. - : : o

Thus, the value of exf)ectcd depreciable IDC's is represe_nted by:'

"The fraction of intangible drilling costs that must be depreciated is set to zero as a default to conform with the tax perspective of
alarge independent firm. : . : ) . :
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- AIDC, = Y, [(COSTEXPT*(I -EXKAP)*XDCKAPxSR, «*NUMEXP, +
B o . : o

COSTDEV, (1 -DVKAP)«XDCKAP+SR,*NUMDEY) =
DEP AR R T L | L | 14- -
. e / t=j+l | 1 +inﬂ} . X 1 +disc‘v . . ‘ . ‘ } ‘ . . v’ ( )
SR T for tsT+m-1 B - ' ' '
. ~ 1 t-m+1 for t>T+m-1

where,
i =’_' year of recovery -

) : ‘ B index for write-off schedule

DEPIDC for t < n+T-m, 5-year SLM recovery schedule with half year convention;
o otherwise, 1/(n+T-t) ineachperiod *~ - |
infl =  expected inflation rate® - ‘
disc =~ expected discount rate . .
m = number of years in standard recovery period.

AIDC will equal zero by default since the DCF methodology reflects the tax treatment pertaining to lérgé
“independent producers.”. : : : S : '

' Expected Dry Hole Costs

All dry hole costs are expensed. Expected dry hole costs are defined as

DHC, = CosTDRYm*(l-sRl)*NUMEm - COSTDRY,+(1-SR)-NUMDEV, s
‘where, -
 COSTDRY =  drilling cost for a dry hole (1=exploratory, 2=developmental).

Total expensed costs in any year equals the sum of XIDC,, OPCOST,, ABANDON,, and DHC,.

: 'Expectedr Depreciable Tangible Drilling Cbsts; Lease Equipmem Costs and Other o
. Capital Expenditures. ' SR 7 |

Amortization of depreciable costs, excluding capitalized IDC', conforms to the Modified Accelerated Cost
~ Recovery System (MACRS) schedules. The schedules under differing recovery periods appear in Table 2. The
particular period of recovery for depreciable costs will conform to the specifications of the tax code. These
recovery schedules are based on the declining balance method with half year convention. If depreciable costs

*The write-off schedule for the }yéar SLM give recovered amounts in nominal dollars. Therefore, recovered costs are adjusted
for expected inflation to give an amount in expected constant dollars since the DCF calculation is based on constant dollar values .
for all other variables. i o : s o . . ‘
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_ Table2 MACRS Schedules

_ (Percent) e _

8 3-year S-year - 7-year 10-year - 15-year _20-year '

: - Recovery Recovery ~ Recovery -Recovery Recovery Recovery
Year Period Period Period - Period Period Period

1 33.33 . 20.00 14.29 10.00 5.00 3.750 -

2 .- 4445 ~ 32.00 24.49 - 16.00 - 9.50 - 7.219

3 -14.81 19.20 1749 - 14.40 -~ 8.55 " 6.677

4 7.41 11.52 1249 11.52 7.70 6.177

5 . v . 11.52 . 883 . £.22 6.93 ~5.713
-6 : 576 8.92 7.37 6.23 5.285

7 SR ~ - 8.93 . 655 - -5.90 . 4888

8 446 . 655 . 5.90 - 4.522
8 ' o o ‘ €.56 ~ . 501 4.462
10 : : : o - €.55 5.90 . 4461

- 11 T A ' . o 3.28 v 591 . 4462

12 , - o o o © 590 . 4.461
13 - ' , ’ ' - : o 5.91 4.462
14 o : . i : 5.90 4461
15 . . ¢ o ) ‘ B : i ‘ 5.91 4.462
16. ' . o 2.95 4461
17 , ' IR : - 4462
18 : o A - : ‘ 4.461
19 _— ' S . - 4.462
20 S T SN o : 4.461

21 o ’ . . . . 2231
Source: U.S. Master Tax Guide. »

‘accrue When fewer years remain in the life of thc project than would allow for cost reco\}cry over the'stahdard ‘
period, then costs are recovered usmg a stranht line method over the remammg pmod

The cxpcctcd tanglble dnllmg oosts leasc eqmpmcnt costs, and other capltal expendltures is deﬁned as

DEPREC, = E E(COSTEXP *EXKAP+EQU]PT)*SR *NUME)G’ +
’ : i=p :

B V(CQSTDEVT*DVKAPJrEQUIVPT)*SRz*_NUMDEVj + KAP)] *

DEP 1 oo g Yol : e o
‘Ti*l*(lxy-jnﬂ)}. v*'(l-kdisc) ’ (16)

‘- T for t<T+m-1
T 1 t-m+l for t>T+m-1

where,
j = yearof recovery :
B = . index for write-off schedule S
_ - m' = pumber of years in standard recovery period
- COSTEXP =  drilling cost fora successful exploratory well :
EXKAP = - fraction of exploratory drilling costs that are tanglble and must be depreaated B
EQUIP = lease equipment costs per well ) '
SR’ = successrate (1=cxploratory, 2-developmenta1)
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NUMEXP number of exploratory wells

COSTDEV = dilling cost for a successful developmental well : L ’
DVKAP = fraction of developmental drilling costs that are tangible and must be dcpreéiated
\ EV = number of developmental wells drilled in a given period , :
. "KAP = major capital expenditures such as gravel pads in Alaska or offshore platforms,
‘ exclusive of lease equipment ; , B
‘DEP = fort<n+T-m, MACRS with half year convention; otherwise, 1/(n+T-t) in each
: period o o Al
infl = expected inflation rate’®
disc- = ]

expected discount rate. -
Present‘ Value of Expected State and Federal ,lnbome Taxes
The present value of expected state oorporate income tax is deténﬁine,d by |
PVSIT, = PVTAXBASE, * SIRT : } o R | an
where, -

 PVTAXBASE - =  present value of expected taxable income (Bquation (14))
"STRT = state income tax rate. o

The present value of expected federal corporate income tax is calculated using the following equation:
* PVHIT, = PVTAXBASE,  (1-STRT) = FDRT A | | o as)
where, |
FDRT = federal corporate inc(:‘)me‘taxrate.
Summary

* The discounted cash flow calculation is a useful tool for evalﬁat_ing the éxpeéted profit or loss frdm an /o‘il' ‘br gas 

B project. The calculation reflects the time value of money and provides a good basis for assessing and comparing
projects with different degrees of profitability. The timing of a project's cash inflows and outflows has a direct . .

affect on the profitability of the project. As aresult, close attention has been given to the tax provisions as they
apply to costs. N L . i ) ,

“The discounted cash flow is used in each submodule of the OGSM to determine the economic viability of oil and
- gas projects. Various types of oil and gas projects are evaluated using the proposed DCE calculation, including
. single well projects and muiti-year investment projects. Revenues generated from the production and sale of co-
~ products also are taken into account. R o , :

" *Each of the write-off schedules give recovered amounts in nominal dollars. Therefore, recovered costs are ad‘jusvtedyfor expected
_ inflation to give an amount in expected constant dollars since the DCF calculation is based on constant dollar values for all other
. variables. ' i ) ) : . : .

{
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- The DCF routme requires 1mportant assumptnons, such as costs and tax.provisions. Dnlhng costs, lease’
equipment costs, operating costs, and other capital costs are integral components of the discounted cash flow
analysis. The default tax provisions applied to the costs follow those used by independent producers. Also, the
decision to invest does not reflect a firm's comprehensive tax plan that achieves aggregate tax bcneﬁts that would
not accrue to the partlcular pro;ect under consideration. :
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Appendlx 4-B LNG Cost Determmatlon Methodology
Introductlon

. The expected LNG import volumes w111 respond to the prcgected gas pnces at the point of dehvery into the US.
pipeline network. That is, the unit cost of imported LNG' will be compared to the cost of other gas available to-

_the pipeline network at that location. Unit LNG costs will be computed as the project revenue at the breakeven
point, averaged over expected throughput The proposed methodology, comprises a generalized computation. of
LNG project costs. These costs serve as the minimum pnce at which the assoc1ated volumes would flow ‘

The LNG project mvestment will have a pos1t1ve expected discounted cash flow when the price exceeds the .
computed delivered cost (including taxes), which is comprised of three components distinguished with respect

‘to the separate operational phases: liquefaction, shipping; and regamﬁcatwn Each cost oomponent will be B

, expressed as the cost mcurred at each phase to supply aumit of LNG

The proposed method is mtended to be transparent, representauve of economic costs, and accounting for some
degree of tax liability. The specific level of costs may be affected by local factors that vary costs or tax liability
- between countries. The sole operational phase on U.S. soil is the regasxﬁcatlon terminals. The cost of taxes for
these facilities will be determined on the basis of the relevant tax law provisions, including the Modified
~ Accelerated Cost Recovery System (MACRS). Operational phases involving non-U.S. capital (liquefaction -

" facilities and tankers) will represent the tax liability associated with these facilities as property taxes.”

DCST, = LIQCST, + SHPCST, + RGASCST, - o ' B o 6
where,
t = forecast year
DCST, = . delivered cost per unit of LNG
LIQCST, = _ liquefaction cost per umtof LNG
SHPCST, = - shipping cost per unit of LNG
RGASCST = regamﬁcauon cost per unit of LNG

A brief descnpuon of these components is presented below, followed by the actual formulas used for these
~ estimations. :

| Liqu'efactiori |

The liquefaction revenue requirement is composed of caprtal costs operanon and. mamtenance costs, and
‘ mlscellaneous costs, as follows :

‘A umt of LNG will be measured as a thousand cubic feet equxva.lent of the regas:ﬁed ING.

This approach, while a severe simplificationof a highly complex reality, is a practlcal alternative that i is cons1stent with the method
used ina Gas Research Instrtute study (1988) and the recent National Petroleum Counc:.l study (1992) )
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‘ I_.IQCST‘ N 'CAPcsrs,”t + OMCSTS, , + MSCSTS, ,

UTlLL CPCTY,, : R @
“where, .

o LIQCS-T, = hquefachon cost per unit of LNG N o : o . Vo

CAPCSTS,; = capital costs (millions of dollars) ‘

OMCSTS,, = operation and maintenance costs (mrlhons of dollars)
- 'MSCSTS,, = miscellaneous costs (including producnon costs) (millions of dollars)

UTIL,, = utilization rate (percent) :
CPCTY,, = gas input capacity (billion cubrc feet).”

Capital costs are derived from a rate base that includes equipment costs for gas pretreatment, liquefaction
- process, utilities, storage, loading facilities, marine facilities, overhead, engineering, fees, and infrastructure costs.
- The debt/equity ratio, cost of capital, and the tax rate are essential in calculating these costs. Additionally, a
method of depreciation, such as the straight lme method, must be established for the mvestmenL Capital costs
are represented by the followmg equauon :

} CAPCSTSL‘ = >~DEPL,; + INTRU ¥ ‘ROYEI;t . TAX, - ' . o _ o - ‘(3)
where,
CAP.CSTSL’t = capital costs
" DEP, = -depreciation (lNVST,_/n,) S .
INVST, =  capital investment (mrlhons of dollaz s) .
. n, = useful life of investment - '
~ INTR,, = interest ondebt (RBASE,, * d *kd,)
"RBASE;, = ratebase (INVST, - ACCDEPL,)
ACCDEP-Q = accumulated depreciation (z DEPLY ) :
d, = debtfinancing amount (fractmn) -
kd; = costof debt (percent) ‘
’ -y = yearof investment
~ ROE,, = retum onequity (RBASE, * e *ke,)
' -e, ‘= . equity financing amount (I - dl) (fraction)
" ke; = " .costof eqmty (percent) - .
TAXM' = tax on capital (INVSTL * TRATE,)
TRA'I'EL = tax rate (percent) :

Operatron and maintenance costs include raw matenals, labor, matenals, general' plant., dJICCt costs and
. insurance. M1scellaneous costs mclude production and feed gas costs. -

The. utilization rate is represented as a percentage of the sustamable capacity. For both liquefaction and

regasxﬁcauon a buildup period toward the maximum utilization rate may be included as an assumption to reflect -
a scenario that is more consistent with the historical expenence of LNG pro_lects ’ :
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Shlpplng

The shrppmg component of the dehvered cost also consxsts of caprtal costs operauon and mamtenance costs and
rmscellaneous costs as represented by the followmg :

| CAPCSTS,, - omcsr.ss't + MSCSTS,

SH L st s, st - R ‘ : ' RS
SHPCST, T VOLYR,, - R T @
- where',
- SHPCST, L= shipping’cost per unit of LNG
CAPCSTS,, = - capital costs (millions of dollars) :
- OMCSTS,, = operation and maintenance costs (millions of dollars)
- MSCSTS,, = ‘miscellaneous costs (millions of dollars)
~VOLYR,, = shipping volume per year (brlhon cubrc feet). -

: Agam, key components in calculatmg caprtal costs are the type of ﬁnancmg and the cost of ﬁnancmg Capltal
costs are represented as follows:. : .

CAPCSTS,, = DEP,, « INTR,, + ROE,, + TAX,, ~ - : )

CAPCSTS,, = capital ¢ costs
DEP” = deprecranon (lNVSTs/ns)
INVST = capital investment (rmlhons of dollars)
_n, = usefullife of investment
INTR,, = interest on debt (RBASES,t *d * kds)
'RBASE,, = ratebase INVST, - ACCDEP,)
ACCDEP,, = accumulated depreciation (E DEPs 5 )
d,. = debt financing amount (fraction) .
kd, = costofdebt (percent)
-y = yearof investment
ROE, = retumon equity (RBASE,, * ¢, *ke,)
. e = equity financing amount (1 -d,) (fraction) -
ke, = costof equity (percent)
TAX, = taxon capital (INVST, * TRATE,)
TRATE, = taxrate (percent) '

| Operaﬁon and mamtenance costs for shlppmg mclude those for crew, reparr, adrmmstranve and general overhead

© . and insurance.
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A key element in the operatmg costs for shlppmg is the distance that the LNG must travel. Thls distance will
affect the amount of LNG that can be transported annually, and ultimately will affect the annual ‘unit cost of
transporting gas. Assumptions about average speed, operating days per year, and boiloff LNG used for fuel also
affect the calculation of shipping volume' per year The calculation for ﬁndmg the volume that can be shipped per

year is represented as follows
'»VOLY\RQ ='VLTREF&‘*TRIPSS"‘ T TR o , O ®
~where, ‘ !
VOLYR,, . = . shlppmg volume per year (billion cubic feet)
VLTRIP,, =  volume per trip (CPCTY,, - BOILTRP,) (billion cubic feet)
CPCTY = shipping capacity (billion cubic feet) ,
BOILTRIP, = - boiloff Per trip [BO]LDAYS,, * (HOURSM/ZA)] (billion cublc feet)
BOILDAY,, = boiloff per day (billion cubic feet)
-« HOURS,, = hours per round-trip (2 * MILES, /SP '),
'MILES,, =  one-way distance (nautical miles)’
SPEED,, = -average speed of trip (nautical miles per hout)
. TRIPS,, = ' trips per year (OPDAYS, /DAYS,,)
- OPDAYS,, = operating daysper year.
" DAYS,,© =  days per trip (HOURS, /24 + PORT, J
PORT,, = port days per round-trip

Muscellaneous costs inclu(le tankers fuel oOsts (nitr‘ogen and bunker) and port costs.
" Regasification
Regasification terminals consist of capital and operation and maintenance costs, as shown in the following:

CAPCSTS,, + OMCSTS,,

RGAS,R.R“:\ UL, - CRCTY,, - R | o I OB
:'Where; ‘ v
RGASRR, = ' regasification cost per unit of LNG
CAPCSTS,, = capital costs (millions of dollars)
OMCSTS,, = operation and maintenance costs (rrulhons of dollars)
UTIL,, =  utilizationrate (percent)
CPCTYr ¢ = terminal capacnty (billion cubic feet)

' For extstmg termmals ongmal ‘capital expendltm'es are cons1dere(l sunk costs The capital outlays for both re- o
activation and expansion are examined, along with costs of capltal method of financing, and tax rates. These
capital costs can be. represented as follows /

- CAPCSTS,,

o, cmew, e

Energy Infonnatlon AdmlnlstratlonIOll and Gas Supply Module Documentation




where,

E RSCAP,, = restart capltal costs..
' EXCAP,, ~_ = expansion capital costs.

Both of these capxtal cxpendltures can be rcprcsented in thc same way as the capltal costs for hquefacuon or '
sh1ppmg The formulae are as follows:

RSCAP,J=RSDEP +RSlNTR +RSROE +RSTAX”I S R, ©)
whére, o
RSDEP,[ = depreczatmn (RSlNVST *RSDRATE,,) ,
; RSINVST = ,capltal investment in re-actlvauon (nulhons of dollars)
RSDRATE,; = deprecxatlon rate
. RSINTR, ‘, = interest on debt (RSRBASE”* d*kd)
RSRBASE,, = rate base (RSINVST, - RSACCDEP, )
' RSACCDEP,, . =  accumulated depreciation (L RSDER,,
4, = debtfinancing amount (fraction) !
kd, .= costofdebt (percent) )
-y = ¢ yearofre-activation
RSROE,’[ = retumon equity (RSRBAS *e *ke)
e, =  equity financing amount (1 - d) (frac&on)
"~ ke, =" costof eqmty (percent) 7
'RSTAX, = taxon capital (RSINVST *RSTRATE)
RSTRATE, = taxrate (percent)
ad,
- EXCAP,-= EXDEP,, ;EXINTR,; +EXROEN + EXTAX,, S S o - : | (10)
where,
EXDEP,, = - depremauon (EXINVST *E)G)RATE)
- EXINVST, ~ = = capital investment in expansion (rmlhons of dollars)
- .EXDRATE,, = dcpremauon rate : :
EXINTR, = intereston debt (EXRBASE,,*d *kd) -
. EXRBASE,, = . rate base (EXINVST EXACCD M
EXACCDEP,, = EEX,DE 5y )

accumulated deprccmtlon (&

: % practlce, itisnot expected that both mtarhng anexisting facx.hty and capacity expansion at the same sxte 'would occur in the same
, year. Thus, RSCAP and EXCAP are not expected to both be nonzero in the same year .
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* debt financing amount (fraction)
- cost of debt (percent)
year of expansion -

i
kd,
Yy

refurn on equity (EXRBASE,, * ¢, * ke,)

 EXROE, =
& =  equity financing amount (1 -d)) (ﬁ'acuon)
v»ke, =  costof eqmty (percent)

EXTAX,,

tax on capital (EXINVST, * EXTRATE)
- EXTRATE, . -

tax rate (percent)

| , Operatmg and mamtcnance costs for a rcgasxﬁmuon tcrmmal mclude termmalmg and proccssmg, labor storagc,
admlmstrauve and gencral overhead. '

7
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Appendlx 4-C Fmdmg Rate Methodology
Introductlon

" The purpose of this appendxx isto descnbe the ﬁndmg rate methodology in the Oil and Gas Supply Module
* - (OGSM). The finding rate methodology represents the process by which oil and gas in the unproved portion of
the economically recoverable resource base! convert to proved reserves.? This appendix begins with a dxscussmn
of the basic finding rate methodology ufilized in OGSM. This includes a presentation of a simple finding rate .
equation, as well as successive adaptations to accommodate the particular nature of the resource estimates and
to incorporate the effects of technological change. Next, there is a description of the implementation of this
- methodology in OGSM, focusing on modifications consistent with the model's resource accounting systeni. -

‘Basic Finding Rate Methodology |

The ﬁndmg rate measures the yield from exploratory drilling, that is, the amount of reserves dlscovered per unit
of exploratory drilling. A basic assumption underlying the finding rate methodology in OGSM is that the larger
the oil or gas field, the greater the probability that it will be discovered. Another is that large oil and gas fields, -

B though fewer in number, contdin a d1$proport10nate amount of total resources. These assumptions suggest that

- finding rates will decline as drilling progresses. The exact nature of this decline is subject to debate, but one or
another form of exponential decline has been utilized by several well known discovery process models.> OGSM.
borrows from these models in assuming an exponentmlly declining finding rate relationship between cumulative -
reserves discovered and cumulative exploratory drilling. The basic finding rate equation in OGSM reflects this

relationship. Cnven an initial finding rate, FRO, an increase in the cumulative drilling leads to an exponennal R -

* decline in the finding rate Thls may be expressed in equatxon form as:

v

'FR#FRO*exp(-ﬁ*S\Kf) R o | R ’p‘/(ly) '_

- where,
FR = ﬁndmg rate (Mbbl per well or MMcf per well)
SW' = cumulative successful exploratory wells ’
5,FRO = parameters

The derivation of the parameter 9, the. exponenual declme factor, is based on the propertxes inherent in

Equat10n (1). In the limit, the amount of economic oil or gas discovered equals the level of undiscovered oil or
- gas (Q). This relationship canbe expressed as themtegtal of the ﬁndmg rate over an mﬁmte number of successful o
' wells (Equatlon (2)) ’ . . : .

Economically recoverable resources are those volumes consxdered to be of sufficxent size and quahty for their production to be -
commnercially profitable by current conventional technologies, under specified economic assumptions. Economically recoverable

* . volumes include proved reserves, inferred reserves, as well as undiscovered and other unproved resources. These resources may be

recoverable by techniques considered either conventional or unconventional. On the other hand, technically recoverable resources are
those volumes producible with cutrent recovery technology and efficiency but without reference to économic vzabxhty

?Proved reserves are the estimated quantities that analys1s of geological and engmeermg data demonstrate with reasonable certainty
to be recoverable in future years from known reservoirs under ex1stmg economic and operatmg condmons

*See, for example; Arps, J.J. and T.G. Roberts. 1958.

‘As will be shown, the finding rate 1mplemented in OGSM dechnes exponentially within each penod but not exponentially over
the entire forecast, asdis re:zleulated each year based on a different estimate for the remaining econom1cally recoverable resource base.
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Qéﬁfo”FR:Q*‘exp(-a‘*swjd(sW) - - | : | : 2

It follows that the rate of declme & can be expressed as the' simple rauo of the initial ﬁndmg rate (FRO) to the
rema1mng unmscovered Tesource base (Q) From Equation (2),

: Q f” FRO *,exp(—.o*SW)d(SW)( I

— f exp(- 6*SW) * ( 5) x d(SW)

=)

5 .,) *‘ exp(-—o *SW)EW=O

(_

,- o ¥6)
ED o .

| FRO

5

"

or,

" From Bquation (4) one can see that a smaller resource base estimate would result.in a more rapid decrease in
. productivity, indicated by a larger value of 8. An important aspect of Equation (4) is that the denominator
- represents remaining recoverable resources as of the period corresponding to the origin for the specified function.

This attribute is especially germane to the mtroducuon of technology into the. ﬁndmg rax,e which is discussed later
in this appendix. o

The basic finding rate methodology in OGSM can be further illustrated by a simple graphic presentation of the
‘preceding concepts. The curve FC. in Figure 11 represents the finding rate function described by Equation (1).
The point at which FC intersects with the y-axis is the initial finding rate, FRO. In accordance with the previous
* discussion, the finding rate decreases exponentially along the x-axis, which represents cumulative drilling (SW).
The decline in the finding rate curve FC is determined by the exponential rate of decline (6) denved in Equatmn

(4) above as a fl.ll’lCthIl of the initial finding rate and the ultlmate resource target Q.

Given thls methodology, the level of reserve addmons in period t can be calculated as the integral of the finding

rate Equation (1) over the range of cumulauve successful exploratory wells from the prev1ous period, t-1, through
the current forecast year. This may be expressed in equaﬂon form as:

Fgo)ik*‘[exp(—o >:=SWH) - exp(¥5 kaWt)]. A “ SR , | " 3)
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Figure 11. Basic Finding Rate Function

FRO
FR = FRO * exp(-
o : ' o
- @
@
o))
=
o
£
L
: Cumulative Successful Wells
where,
to= forecast year ,
RA = reserve additions from exploratory dnlhng
- SW = cumulative successful exploratory wells
6,FRO. = parameters

/

Reserve additions are graphlcally represented in Flgure 12. The area beneath the curve FC stands for the

remaining undiscovered resource base (Q). Any segment of this total ar¢a, as determined by movement along the
x-axis, represents the amount of réserve additions (RA) discovered as a result of the indicated change in

cumulative drilling. Accordmgly, an increase in cumulative drilling from SW, to SW, would result in a quantity

of discoveries defined by the segment A-B-SW,, —SW In thts case the ﬁndmg rate declmes from FR to FR; as

dnllmg increases ﬁom SW; to SW2 '

Minimum Econbmic Finding Rate

The Q parameter as descnbed previously is the total resource base which is recoverable only with an infinite
number of wells. The resource estimates employed in OGSM, however, represent only the resources that are
economically recoverable. Implicit in these estimates is the existence of some minimum physical retum to
- exploratory drilling that would make such activities profitable enough to be undertaken. This concept is
v repreeented in OGSM in the form ofa mlmmum eoonormc finding rate (FRM]N) The minimum economlc finding
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Figure 12. Reserve Additions.

Finding Rate |

Cumulative Sulccessfujl Wells

-~ rate is presented in Figure 13. FRMIN is reached when cumulitive successful wells increase to SW*. The
undiscovered economically recoverable resource base (QF) is represented by the shaded area beneath the finding
rate curve (FC) and left of the drilling level at which the curve intersects with FRMIN. "

-

By uuhzmg the concept of a minimum economic finding rate, it is posmblc to obtam an estlmale of d that is based
on the economically recoverable resource base, yet is consxstent w1th the methodology proposed in Equations (3)

“and (4). Equation (3) now. becomcs

- QE = fSW FRO * exp( 5*SW)dSW

= FI;O SW exp(- 6*SW) * ( 3) * dgy

- R0y« éXp(eSj*SW)Ew.o
= (¥F§O)_ * (¢Xp(-§*sw -1

_ FRO - FRO * (exp(-3*SW?) .
5 | ‘
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~ Figure 13. Minimum Economic Finding Rate
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]

 level of cumulative drilling at which minimum economic finding rate is -
- - attained , v . S
QF = undiscove,rcd economically :ecoverable resource base.

SW’ .

Since FRO*exp(-5*SW*) is equivalent to FRMIN, Eqilatioﬁ’(él) converts t0:

RO -RMN) R BN

Technological Change-

While the OGSM methodology assumes that increases in cumulative drilling lowers the finding rate, the -

methodology permits this decline to be partially, fully, or more than fully offset by improvements in technology. -

Specifically, the methodology adopts the “Technological Stretch” approach advanced by William Fisher.® In this
 paradigm, technological change shifts the finding rate function upwards, mitigating the progression from larger

to smaller fields. The advantage of this approach is that it is capable of modeling finding rates that rise, remain

constant, or decline over time depending on the values of the technology and resource decline parameters.

i

SFisher, W.L. “U.S. Oil and Gas Resources: Theu Critical Dependency on Technology,” unpublished manuséripi, 1994.
4C5
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The treatment of technological change is illustrated in Figure 14. Givén an intial economically recoverable
resource base QF, the section A-B- SW,-SW, represents the reserves that that would be added as a result of a
~ drilling increase from SW, to SW., If, concurrent to this increase in drilling, there are technological advances that
. cause the remaining- econormcally recoverable resource base to increase by an amount A; QF, the operative finding

rate curve becomes FC, FC, reflects the increase in the finding rate brought about by expanded resource base.

The amount of extra reserve additions due to technological change is then defined by the area A-A’-C-B..

Slmanly, when cumulative dnllmg increases from SW; to SW,, and accompany advances in technology cause -

the remaining economically recoverable resource base to expand by an amount A, QF, there is a further shift in
the finding rate function to FC,. Reserve additions are again increased over what they otherwise would have been, -

~ this time by the area C-C’-F-E. This latter increase is incremental to the extra reserves discovered as aresult of
- the technologrcal advanm that transprred as drilling progressed from SW, to SW,. (The area defined by B—C-E-:
D).

. From equation (1), in the absence of technological change, the ﬁndmg rate at the end of period t is lower than the
- finding rate in period t-1 by 6 times the number of wells drilled in penod t Le.

FR, FR”EXP(o(SW SWH)) ) | S gl

- In the presenoe of technologlcal change this relanonshlp is amended to incorporate the technology paramel:er B: ,'

FR,=FR,, (14 Q)Emcéa(swt‘;swt.;))._ = - @

 The inclusion of this parameter permits the finding rate in period tto be higher, lower, or equal to the finding rate - ‘

int-1 dependmg on the value of B, 8, and the number of wells dn]lled in penod t.

Technological change also 1mpacts the rate of decline in the ﬁnchng rate W1th respect 0 cumulauve drilling.
- Specifically, because the remaining recoverable volume is expanding relative to what it otherewise would have
- been, 6 must be’recalcnlated in each period as shown in equation (9). Note that the denominator of (9) is the
remaining economically recoverable resource base estimate calculated as the initial economically recoverable
resource base adjusted for expansion due to technological change, less the cumulative reserves found over time.

=FR¢.1(1'+I3)—FRM1N’_» - CoT e o
* QTECH, - CUMRES,, R , -

-where,. -

. FR' = finding rate at the beginning of period
FRMIN minimum economic finding rate :
QTECH initial economically recoverable resource base adjusted for expansion due to
technological change ‘
t - forecast year : ‘
CUMRES cumulatlve reserve dlscovcnes over the pro;ecﬁon period (initial value = 0)

As indicated in Equation (8) the resource base is assumed to expdnd over time due'to the development of new

discovery and extraction technologies, as well as the increased penetration of existing technologies. This
technologically induced expansmn is modeled in two ways in OGSM. '
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Figure 14. Technological Change
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One method of modeling technological expansion involves simply allowing the initial resource base to expand

each year at-an assumed constant rate. This methodology is used in OGSM to expand inferred reserves, those
‘unproven resources convested to proven reserves by developmental and other exploratory (non-new field wildcat)

drilling. In this case the representation of the technologically expanded resource base becomes: - ' L

QTECH, =1+ (1 +TECH)YT o
where,
1 = initial inferred reserves eétimatcinyc_arT S R
TECH =  annual percentage expansion of resource base due to technologipal change. .

A different method is used to represent the effect of teéhnology upon undiscovered economically recoverable
_ resources, the resource base from which reserves are added in OGSM by the drilling of new field wildcats. In

ordef to not allow undiscovered recoverable resources to expand infinitely yet at the same time »,allow' fora

reasonable degree of technologically induced growth, these resources expand asymptotically toward a target
resource value. The target represents the ultimate long-term expansion that is expected to occur m the

- undiscovered economically recoverable resource base as a result of technological progress. The functional form ~ -

shows continuous expansion of the recoverable resource base, but at diminishing rates. This specification is

- consistent with a view of the endless potential of technological improvement and the increasing difficulties

- encountered with additional recovery from a finite resource base. The OGSM representation of this new field
resource base, as adjusted for technological expansion, is as follows: . SR

R
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 QTECH, = Q%+ (Q" - Q%) * (1 - emp(-yD))

where, -

ultlmate undlscovered economically recoverable resource level glven long-term '
technological change :

parameter that determines the incremental expansmn of the undiscovered
' economlcally recoverable resource base due to technological change '

The value of y in Equation (11) can be denved based on several ‘Lssumpnons The first assumption is that the

‘expanded resource base.will in the last forecast year (2015 t- T-25) reflect an 1mphed rate of annual percentage
expansmn, TECH such that: , ;

"QTECHZS=QE*,(1‘+TECH)2? N

The second assumptmn is that the expanded recoverable resource base i in 2015 equals a glven ﬁacuon, ¢, of the.
ult1mate expansmn target. Tms relation can be expressed as:

QTECH25 st | L m

Which 1mphes

,Q*‘=_'Q__$__H25__‘ ae

Subshtutmg the nght 51de of Equatmn (1 1) into Equatmn (13), and using that express1on to replace for Q m'
Equation (10) yields: , o

QTECH25-= QF + ( QB+(1+TECHP 6 - Q) * (1 - exp(-y+D) ) B )

. Because Q"I‘ECH25'= Q‘;:*(I\-i-TECH)”, Equation‘(‘14) for 2015 appears as the following equation:
QEx(1+TECH)® = QF + ( QB+(1+TECH™/$ - Q) = (1 - exp(-y*25) )

One can then solve for y as follows: |

| QEx(14TECHYS-1) = QF « (( (1+TECHF$ - 1) = (1 - exp(-y*25) )

(1+TECH - 1
(1+TECH®/¢ - 1

= 1 - exp(-y#25)
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(unmmﬁii"

(19)*

exp(~ %25) = 1- - ,
(RN = L TECHy e - 1

- asTECH® -1 ] S T
BRI (Q+TECH)®/¢ -1 | R o Qo)

- . . " . T L

The level of undiscovered, economically recoverable resources in any given year depends on the initial Jevel and -
certain factors that determine the rate of resource expansion. In the previous version of OGSM these factors
inctuded onty the expanded economic resource level in the last year of the forecast period and the proportion (¢)
of ultimate economically recoverable resources that this level represents. The value of ¢ is based on analytical
_judgment. The economic resource level in the last forecast year was assumed to equal an amount that would have
* been achieved by a continuous annual percentage expansion at a given rate. The assumed ultimate level of -
‘economically recoverable resources could be inferred from these two values. - A ' :
In the current version of OGSM the resource expansion that would have been calculated for each year under the -
previous methodology is scaled. It is scaled by a ratio. The first element of the ratio is the difference between the.
~ technically recoverable resource level under existing technology and the initial resource level. The second element
" is the difference between the level of economically recoverable resources that had been assumed for the last year
of the forecast period and the initial resource level. If the calculated scaling factor is greater than 1.0 then it is -
 reset to'0.99. This adjustment to the resource expansion curve introduces a constraint to reflect the existing limits
 of technical recoverability. The resulting curve is still hyperbolic and it is closing at the same rate. However, it
is approaching a target which may be significantly lower, if the level of technically recoverable resources under

existing technology is significantly below what would have been assumed for economic resoﬁ:ces inthelastyear .

of the forecast under the previous methodology.®

In Figure 14 the total expected expansive effect of advancing technology upon the recoverable resource base is
introduced in increments. This approach compares to one in which a larger initial resource value is used to
determine a § that remains constant over time. With that the full long-term benefits of tecnological change are
factored into the determination of the finding rate curve for all years of the forecast horizon. Figure 15 provides
a graphical comparison of these two approaches in the early years. FC, is the finding rate curve derived by
calculating a constant & based on FRO and a resource base, QTECH,;, that reflects the full expected benefits of -

technological change for the entire forecast horizon. In this case the section defined by FR0O-G-SW,-0 represents -

the reserve additions that would be estimated as a result of uqﬁzmg the "full benefit" approach.

~ The finding rate curves relating to onshore conventional inferred reserves and 6ffsh9re gas inferred lfeser\feé '
partially reflect the “full benefit” approach. This is because estimates of these resources inherently contain some

“In the ABO97 version of OGSM, the value of ¢-also affected the ultimate upper limit of the technological exparision of economic
resources. When the resource expansion was calculated. for-a particular year, the value representing the ultimate level of resource
expansion was inadvertently rultiplied by ¢. This latter adjustment was the result of a previously undetected coding error. The same
coding error, however, had resulted in an unintended upward bias in the ¢ values. That is, the original intent for AEO97 was to calculate
" ¢ as the ratio of the existing technically recoverable resource level (or some proportion thereof) to an assumed ultimate economically
- recoverable resource level. ‘A misinterpretation stemming from observation of the incorrect code resulted in the (lower) last-forecast-year

assumed level of economic resources being used instead for the denominator in the ¢ calculation. The end.-result of these two
developments was that the resource expansion reached a higher proportion than intended - of a lower ultimate level than intended.
Fortunately, these effects largely offset each other in the determination of the level of resource expansion actually allowed to occur
during the forecast period. Tn the current vession of OGSM, the aforementioned coding error has been corrected and the methodology -

described in the text above has been implemented.
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allowance for long-term technological progress due to their incorporation of historical rates of reserve growth.
In previous versions of the model this approach was considered inappropriate from a theoretical standpoint. That
- is, it was thought that technological developments in the later years of the forecast period should not be
“providing benefits” in the early years of the forecast. After further analysis, however, it has been determined that
this approach is acceptable in these cases, given the nature of inferred reserves and the manner in which estima
of inferred reserves are utilized to determine the rate of decline in the finding rate function. " :

Implementation of the Finding Rate Methodology

The finding rate proccss actually implemented‘ in OGSM is vsonlewhat Iiio_ré complex than the simple sfructure

portrayed above, although the underlying concepts remain the same. The changes to the basic design mostly

rteflect the reserve accounting system instituted in OGSM. In the previous Energy Information Administration

(E1A) supply model, the Production of Onshore Lower 48 Oil and Gas Model (PROLOG), reserve additions were

treated 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. Reserve additions from -

“developmental drilling were not rgléxed directly to exploratory activity.

‘In the Oil and Gas Sﬁpﬁly, Model (OGSM) there is a distinction between exploratory dﬁlling for new fields and
exploratory drilling for additional deposits-vs&hin old fields.” This enhancement recognizes important differences

7Expioratory wells are drilled in relétively untested or unprovén areas and can result in the discovery of new fields or new pools
within known fields. Exploratory drilling in OGSM is divided between two major types. New field wildcats are exploratory wells drilled

for a new field on a structure or in an environment never before productive. Other exploratory wells are those drilled in already .

productive locations. Developmental wells are primarily within or near proven areas and can result in extensions or revisions.
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in exploratory dnllmg, both by nature and in‘its physrcal and economic returns. New ﬁeld wildcats convert :
resources in prevrously undlscovered fields into both proved reserves (as new discoveries) and inferred reserves.®
Other exploratory drilling and developmental drilling add to proved reserves from the stock of inferred reserves .
by a phenomenon termed reserves growth, the process by which initial assessments of proved reserves from anew -
" field discovery grow over time. The volumetric returns to other exploratory and developmental drilling in OGSM
are referred to as extensions and revisions, respectively. Other exploratory drilling accounts for proved reserves
> added through new pools or extensions (genera]ly referred to only as extensions within the context of the model),
and development dnllmg accounts for reserves added as net revisions (including adjustments) The finding rate
equations vary in OGSM among new field wildcats, other exploratory drilling, and developmental dnllmg '
Fmdmg rates are defined separately for each fuel type category (k) in each region (r)

~ New Fleld Wlldcat Flndmg Rates :

The finding rate equatron (Equanon (21)) for new field wildcats® follows rather closely the basic methodology 7
described above. In the OGSM specification, the yield from new field wildcat dnllmg begins at the initial finding
rate FR1, and dechnes exponentrally thereafter Thrs specrﬁcatlon conforms to the desrgn of Equatmn (1)

FRL,, = FR r,k’t_,a +Bl)*exp( mm*svvlm) , e ‘ (21); ~,
 where, .
FR1 = ) ﬁndmg rate(Mbbl per well or MMcf per well)
SW1 = - successful new field wildcats . N
. 81 '= finding rate decline parameter SRR
Bl = technology parameter for FR1 o e
r = “region. . . ' e
k= _fuel type (oil or gas)

" New field reserve addmons are determmed as. the integral of the ﬁndmg rate functron over the given dnlhng

~. interval, (SWlw) The resource base enters the equation as an exogenous input that influences the ‘derivationof

81, the finding rate decline parameter. The value of the technology parameter, 1, was based on an econometric
~ analysis of the impact of technology on the new field wildcat finding rate. The decline parameter, 81, is estimable
from Bquatron (9) in combination with the terms of Equatlons (10) and (13) Substltutmg values spemﬁc to new
ﬁeld wildcat wells yrelds the followmg equatlon :

FR1, .. l(1+(31) - FRMINI

81, = - ~ 1 ,,
wht , _ . , G = RN 22
Q%x + (Q Erk*'(lfTECH)Zs/d) - QF) x (1 -exp(~y_t)) - ;IFRlnk,td(SWl) - @2)

where,

¥

FRMIN] = - minimum eoonomle findmg rate for new field wildcat wells.
- ' ' : . . . ‘ . g ’ v j

*Inferred reserves ate that' part of expected ultlmate recovery from known ﬁelds in excess of cumulat:lve production plus current
reserves.

" *Total successful exploxatory wells as described prev;ously are drsaggregatedmto successful new ﬁeld wﬂdcats and other exploratory )
- wells. The disaggregation is based on average historical ratios of successful new field- ‘wildcats to total successful exploratory wells. For
the rest of this appendix, successful new field wildcats will be designated by the variable SW1, other successful exploratory wells by
. SW2 and successful development wells by SW3. ) B
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- The initial estimate for provcd Teserves are reserves that can be oemﬁed usmg mamly the ongmal discovery wells, .

_ while inferred reserves are those hydrocarbons that will require additional drilling before they can be considered
proved. Subsequent drilling takes the form of 'other exploratory diilling and development drilling, The finding -
rates for these latter two types of drilling are based on the same methodology described above, with appropriate. ‘
modifications to' account for differences m the nature of the resource target and the process by which it is
convertcd to. proved reserves. - -

: Thc volumetric yield from a successful new ﬁeld wﬂdcat well is divided into proved reserves and mfex:red reserves
* based on historical reserves growth statistics. More specifically, the allocation of reserves between proved and
',, - inferred reserves is based on the average ratio of initial reserves estimated for a newly discovered field relative
© o+ toultimate recovery from the field.° Given an estimate for the ratio of ultlmate recovery from a field relative to
* the initial proved reserve estimate, X the X, reserve growth factor is used to separate newly discovered
- resources into either proved or inferred reserves. The new ﬁelds discovered by new field wildcats yield not only -
proved reserves but also a much larger amount of inferred reserves. Spec1ﬁcally, the change in proved reserves

from new ﬁeld dlscovencs for each period is ngen by B >
AR, = = f FR1,,, d(SW1) |
: L .kmo“r (23)’
SWi, a '
f me (1 +p,1) *exp( mm*SWlm)d(SWl)
X
where,
X = reserves growth factor
. AR = additions to proved reservcs

- The terms in Equatnon (23) are all constants mpenod t, exccpt for the SW1. X is dcnved from the historical data
and it is assumed to be constant during the forecast period. FR1,, , and 81,,, are calculated pnor to period t,
based « on laggcd vanables and fixed parametcrs as shown in Equauons 21 and (22)

Flndmg Rates for Other Types of Drlllmg
Reserves are assumed to move fr()'m the realm of inférred to proved with the dﬁlling of other cxplorétory wells
- or developmental wells in much the same way as volumes of both proved and inferred reserves are modeled as

moving from the undiscovered economically recoverable resource base as described above. The volumetric return
to other exploratory wells and developmental wells is shown in Equations (24) and and (25), respectively.

FR2,, = FR2, (1 +p)rexp(-02,s$W2,) e
Wherc,' i

 other exploratory wells ﬁndmg rate
successful other exploratory wells -

“FRY
S SW2

X x"A more complete discussion of the topic of reserve growth for producmg ﬁeldx can'be. found in Chapter 3 of The Domestic Ozl and .
Gas Recoverable Resource Base: Suppomng Analysis for the National Energy Strategy.”
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B2 = technology parameter for FR2.

FR3 ke = FR3,,,- (1 +B3) ;CXP(—53rJet*SW3rkt) _ o MY o (25).
where,
"FR3 = 'de'velopinent well finding rate . 4
SW3 = successful development wells .
[33 = technology parameter for FR3.

The derivation of updated decline factors for the exponentlally declmmg functions are shown in Equatmns (26)
and (27) for other exploratory dnllmg and developmental dnllmg, respectlvely ‘

82, _{ , (FR2,,,.,(1+42) FRMII\IZ’k) * DECFAC S , ] .
ke ‘ ‘ ’ 26
{Lk(l +TECH)t-T + T;:( )fFRl,,ktd(SWI)\ - E[fmzmd(swz) + fFR3md(SW3)] - (29
5 ‘- [ : (mm 1(1+[53) - FRMIN3r,k) * DECFAC
’ r,k,t -

@

T+l

l (1 +TECH)"T + 2( )fFerx’,d(SWI) - E[ ,,k,td(SWZ) + [FR3,, A(SW3)]

where,
I = initial inferred reserves estimate
DECFAC- = decline rate adjustment factor.
FRMIN2 = minimum economic finding rate for other exploratory wells
FRMIN3 = minimum economlc finding rate for developmental wells

The conversion of mferred reserves into proved reserves occurs as -both other exploratory wells and
developmental wells exploit a single stock of inferred reserves. The spec1ﬁcat10n of Equations (26) and (27)

" has the characteristic that the entire stock of inferred reserves can be exhausted through sufficiently large - ”

numbers of either the other exploratory wells or developmental wells alone. This extreme result is unlikely
given reasonable drilling levels in any 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. g1ven year the same initial recoverable resource
. value (i.e., the denominator expression in the derivation of 8, and 8,) is decremented by either type of drilling.
DECFAC is present in the computation of 8, and 8, 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. Values greater than 1.0 accelerate the productmty declme in the finding
- rate. , ; ;
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Integraﬁon of the precedmg ﬁndmg rate functions Wlth the new ﬁeld w1ldcat function ylelds the followmg o
equation for total reserve addmons in perlod t: S ,

swi’ f ‘ SW1

Tt o ’ |
f FRl,,k.t SW1) + f FR 2 W)+ f FR3,. S ¢
| Con’clusion.‘

- This completes a descnphon of the ﬁndmg rate methodology utilized in OGSM. A 51mple basic methodology
was presented upon which the OGSM finding rate functions are based. Included in this discussion were
descriptions of two modifications to that basic structure—one to account for the economic nature of the ‘
resource estimates and another to incorporate the effect of technological advancements. Subsequently, the
' lmplementanon of this methodology in OGSM was described, with the resulting finding rate functions shown
to vary from the basic structure pnma.nly because of the resource accounting system employed in OGSM.

The methodology for conversion of oil or gas resources into proved reserves is a critically 1mportant aspect

of supply modeling. While the actual process through which oil and gas become proved reserves is a highly

complex one, the methodology presented here is representative only of the major phases that occur. By
necessity, itis a s1mphﬁcatxon froma hlghly complex reahty
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,Appéndix ‘A. Data InventorY

-

,An mventory of OGSM variables is prcscntcd in the followmg tables These vanablcs are dmded into four categoncs: :

Variables: . Variables calculatedm OGSM "

Data: Input data
. Parameters: Estimated parameters o
Output: ~ OGSM outputs to other modules in NEMS

All regions specified undcr classxﬁcatlon are OGSM regions unlcss otherwise noted. s
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Appendle Mathematical Description

,Calculatlon of Costs R

‘Driuing Costs
Onshore = -

DRlLLCOST,h = o™ . WELLSONS™ » ¢% “ "M , 85" T | 1oy y cosT? |
ot MO0 ¢ WELLSON. "% v ot 3 P, ot 8o R

-+ ECCDRI.A8)

* DRYCOST,, = ¢™® « WELLSON." o s et D“?“* . eth DRYCOSTY,., *
' ,‘Px'h(w)rxv* WELLSON Pt'“k*\ Pt 8% 2 DEFTH, | o Py v 8%« TME,

=2 .
(1 + ECCDRLAS)
- Offshore
DRILLCOST,,, = (s, -, WELLSO}:}:‘M* v % PP 8 TME, DRy eoSTR,, *

.pk.h(bo),_,, . WELLSOPR_Z" ‘3 . -pk‘x 82, » DEPTH,, e Ppx 83 » TIME, ) -«
( + ECCDRLAS) ) o !

k-1

- DRYCOST,, = ™ 'WELLSOFE®: + o " D% ot T, DRYCOSTP“

- "Pn: * B0y WELLSOPF-& 8, *'e'Px * 82 ‘Dﬂ’mrx e 'nMEn.,*
t . v .
(1 + BCCDRLAS) g ~
" Lease equipment costs

o N Py ) : El \\\ - ’ - . ) . ’
LEQC,,, = ™7 » SUCWELL,,", * > " ™% « LEQC]},., *
L et EO, SUCWELL R, Mt x Pt R TR

Operating Costs

OPC,, = ¢ bos sucwm S m* v 5 TE L, Opch
' et b(¢°)zx*sucwmk"k ‘”k* Py b % Mx*eh‘¢3e TIME”*

(1 + ECCOPL48) ) o

\
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D|scounted Cash Flow Algonthm

- Expected dlscounted cash flow .

PROIDCE,, = (PVREV - PVROY - PVPRODTAX - PVDRILLCOST - PVEQUIP - (

PVKAP PVOPERCOST PVABANDON PVSIT - PVH'I’)um

Present value of e’xpected revenues -

' i , v . | o I b 1 if primary fuel
PVREVL:*: = TE Qyr*A*(Pyr - TRANS *[1 +disc] ] : _)‘ {COPRD lf secondary fuel

=t

Preseni value of expected royaity payments
PVROY,,,, = ROYRT«PVREV,,,

Present value of expected productlon taxes
PVPRODTAXm“ PVREV,,, * (1- ROYRT) * PRODTAX ,

Xkt

Present value of expected costs . o .
-;Dnllmg costs - o :

PVDRILLCOST,, = ) ﬁDRHLl‘h*SRm wzsx,meT * pRn_Lm“,,,*SR
IWELLz_k "+~DRY,_,J;,*(1-SR1 LW*¥WELL, o+

.\ | T-t
© DRY,,, «(1-SR, )= WEU%T] ( — d:sc] ]

Lease eqiiipmenit costs

t+n

PVEQUIP“ lEQUIP (SR,,k mm + SR, * WEILM) . [—1 . ]T‘} g

T=

-

~

LCapital costs

s t+n -i 1 T-t
fPVK.APi.x‘k.‘t =Y [KAPi.i.k.T * {1+ dJSC] ]

- Operating costs

T=t

i . ’ . 1+D 'i'-lv P
- PVOPERCOST,,,, = E[OPCOSTUJM E[ SRm WELLM+SRM WELLM] [ — dlsc) ]

Abdndonmenz costs
o K t+n . : 'i'-}
PVABANDON, , = 2[ COSTABN,,, [ L ] ] |

CT=
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~ Present value of expected tax base k S

c o ten ‘ : 4
PVTAXBASE, ,, = Z (REV ROY PRODTAX OPERCOST ABANDON XIDC ~ A]DC
: T=t :
) ‘ - 1 \T-t ) : : -e : .
DEPREC - DHC) [ ) s »
1+disc : SR o - (16)
,'Expected expensed costs _ _
XIDC,,, = DRILL, , (1 - EXKAP)+ (1 - XDCKAP)*SRm*WELLm | | | EETETE
Rm.,_m*a -DVKAP)+(1 XDCKAP)*SRL* Ly R o an
Expected dry hole costs S ‘ ) o , =
DHC,,, = DRYx:x.:*(l SR!“)*WELle ¥ DRYZ“_!*(I SRm‘)*WEle IS, o el as)
~ Expected 'depreciable costs

. . :
" DEPREC,,, = 2; &(DRILLI_‘_,‘T*EXKAP+BQUIPIIH)*SR“I*WELL1M
) -

(DRELZJxT*DVKAP+l‘12 _,L.,.)='=SR;,J‘k WELLuJ KAP ]

’ DEP * _——“\1 ,‘ !'j/ * 1 L-.j" : ‘ C ' o V ’ ’ V
- T TeA 1-disc) | oo : o e

B = T for tsT+m 1
~ | t-m+1 for t>T+m -1 .

 Present value of expected state incomie taxes ‘ ; 7
PVSIT,, -PVTAXBASEI_‘M*STRT. R Lol T e
Present value of expected federal income taxes. 7 o ‘

PVHIT,,,, = PVTAXBASE, ,, * (1-STRT) » FDRT R ey

Dlscounted cash flow for a representatnve developmental well
DCE,;, = PRO]DCFzm * SRz.:x ; o : B " ' , ' @)
Dlscounted cash flow for a representatwe exploratory well

Dc1=mu = PROIDCE, , * SRm L S o > SR - (23)
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Lower 48 Onshore & Offshore Expendltures and Well Determmatlon ‘

Share of unconventlonal gas well

Wigke = WELES, "E ey fork = 4’;‘5f 6 : T o ',(24)“‘

Expecteg_l DCF for uncOnventional gas reco,very

_UGDCFON, , = ZmeCBONm', feri 12,1 = 12345 - : o o o @5
Share of total wellé
Wiy = WELLS, ,/EWELLS s foreach ik R e , 26

Reglonal expected dlscounted cash flow

RDCFON,_, E u&" * DCPONUJ“, for i = 1 2, = onshore reglons, k=1 thru 6 o - @7
RDCFOFF,, = 2wy, * DOROFE,,,, fori = 1, 2, 1 = offshore regions, k = 1,2 - 28)
Region'al share of total wells
WELLSml/EWELLml, fereaehi,f, e o )

Naiional'expected discounted cash flow .

- NDCFON,, Ew +RDCFON,_, fori =1, 2,1 = onshore regién_s ' B S (36)

i £

' NDCFOFF,, = ¥ w,,,« RDCFOFF,

1t

fori=1,2 1 = offshore regions - . N : B ‘ g - (31)

Lower 48 Onshore Exploratlon Expendltures by Reglon and Fuel Type

SPmDONh&‘-; mQ, , + (ml;, * DCFONHM . ) for i=1, ‘-‘ ' / . . . ©(32)
, (rlkl)(r-5k3) S C , .
SPENDON, =m0, + (inli.h * DCFON:;J:: ) . @2, * DUMSZ;) , for i =1L B ‘ (33)

©or=1,3,5 k=2 .
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 SPENDON,_,,

SPENDON,_,,

| SPENDQN;J_%,
SfENDONhLl

: VISPEb»I;DONi_m
| SPENDOﬂh .

-:-SPENDON.

SPENDON,_,,

SPENDON,

= [mo,

irkt

o + (0l * RDCFON2 )| * SHARE,, , fori=1,
r=1ks= 4,56 ' Lo
m0,, + (ml,, » DCFON,, ) * pu_k*SPENDON

ixkt-1

= Py (MO0, + (1, + DCRON, ., ), fori= L

Cr=2k=1

. + (ml,, + DCFON,, ), fori=1, -

mo
=2, k=2-3), (r‘-3, k=4), (r=4, k= 2) (=5, k=1), (r=6, k=1-2) -

[m0,,, + (ml,, * RDCFON, )] = SHAREu_k , fori=1,
r=2, k=456 o S

= m0,, + (ml,, * DCFON,,,, ) + (m2,, * DUMS7) , fori=1,
r=3k=1 : o : ‘
m0,,, + (ml,, * DCFON,, ., ) + @2, * DUMS4) , fori=1,

r= 3,k = 3

m0,; + (ml; * DCFONum R pu_k*SPENDONI_m_

- Pyt @O, + (ml; * DCFON, ., )) » fori =1,

r=4, k=13 : S
- m0,,; + (ml,, x DCRON, .. ) + (m2,; DUMSQl)] « SHARE,, , fori= 1
Cr=4,k =456 v b o :

v

= [m0,, + Gml;, * DCRON,,,) ] * SHARE,, , for i = 1,

r=5%k= 4,5,6

' LbWelf 48 Onshore Development Expénditur% by Region and Fuel Type

SPENDON, _, ,

SPENDON,

= mOi_'\k * (ml, > DCR)N;;J;,;‘) + (m2,,, » DUM87), fori=2,
re135 k=1 - e |

"

- |mo,,, + (1, UGDCPONm )] * SHAREW , for i=2,

‘~nr—1k 456

'SPENDON,

SPENDON, .

SPENDON, ;.

= mo,

i+ (@l * DCFONM) fori=2,

(r=1, k=2), (r-2 k= 1-3) (r 3, k=2), @=5, k= 3)(r—6 k=1)

[m0,, + (mlm‘ * RDCPONm )] . SHAREW ,fori=2,

1=24 k=456

'\moi.r‘.k + (ml,, » DCPON_ ., ), fori=2, o o o L
‘r=3k=3 | | - ‘
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(35

o 636)

a@n
(38)
(39

_@0)

41

(42) |

’ (43) :
@)
@)
@6

CH))
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SPENDON,,, = m0,, + (ml,, * DCFON,,, ) + (m2, o * DUM80) . for i=2, @8

r=3, k=4

SPENDON,,,, = m0,, * (ml,, * DCHJNuh )+ p, ex*SPENDON, , : . o
‘ ’ = Py (MO, + (ml, , = DCR)N,‘M L), fori= 2, o ' R . ' “9) .
(r=4. k=1), (=6, k=2) _ R

SPENDON,,,, = m0,, + (ml;, *DCR)NW) . (m2. e ¥ DUM76) L foris2 (50)

. r=4,k=2

" SPENDON,, = mO,, + (ml,, « DCFON, ) + m2,, * DUM?9), fori=2.

r=4,k=3 Gh

VSll’E‘NDON'Uh = m0,_, + (ml,; = DCFON“M) + (mz x ¥ DUM82) + P, k*SPENDONu_nl 452
B P (mOi_“k + (ml | = DCRON, ;.. ) * (m2;,, * DUM82H)) fori=2 (2)
r=5k=2" S g o L :

SPENDON, _, , = ;[m‘ + (mi,,, + DCFON, 2] * SHAREM, for i = 2, o (53)
S S5k - 456 , : S

Offshore Exploratlon Expendxture Forecastmg Equations

‘spmbo;;m; a0, '“‘x‘“"‘-""“’wfon-n-z;k-l ’v ) o | v (54)

~ SPENDOFF,_,, = {e““u'“’v"""b?"‘vﬁ’“fv"?% * {SHARE | for i = 1,1 =‘9. k = 12 1 R } . (55)
: S.PENDOPFL,&; . [ean“.az‘,!‘iDCFOr-‘E;.-mﬁ,Duwol [SHARE“] fori = 1 r =10, k =12 : : ‘ (56) |
SPENDOH‘L; = [ '“um’m“’w = m} - [SHARE x] fori=1l.r=12k=12 - o (57

- Offshore Developmént Expenditure F_orec_asﬁﬂg Equations

o 69

SPENDOFF, = ¢"0ux"huaRDFORFy, fori=2.r=8%k>=
SPENDC;H-‘UM. = e P uxs for j = 2,1 = k=1 | B )
/"SP‘ENDOPF“‘_;_C x1ebiaaNDCFORFy - %x""m fori=2r=9k-= 2“ [ | (60) |
SPBQDOEFQ&,};“%"’ ADCRORE,, “wr""“’“ fori=2.1=10k=1 | | S (6i)
: SPEN}SQFF“&; =e e "% ,Dam’w =lux°""8‘ fori=2r=10,k =2 | ‘ '4(62‘) »
SPENDOFE,, = ¢ O DR 1, 1T for/x =2,r=12,k = 1 | _ R o o (63)
’ 'SPENDOFFBL, = e““ux‘“lumw Lfori=2r1=12.k = ‘2’ | | E - ' ' (64)
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_ Calculation of total onshore wells
' SPENDON,,, . . .- o

2 for i= 1, 2, T = onshore regions, k =1 thru 6
irkt ' . . ) N

' Célculati_on, of successful onshore wells :

irkt

© SUCWELSON, ,, = WELLSON,,
‘ ~k=1thm 6

*'SRi_"k,’for i = 1, 2, r = onshore r,egibns, . I k . (66).

Calcu'létion of 6nshore &ry holeS

DRYWELON, ., = WELLSON,,, - SUCWELSON,,, , fori=1,2, ~ - e - ‘(67)' ,
_H'r=onshoreregions,k=~1thru6‘ ' I : ’ :

Calculation of total offshore wells

A SPENDOFF, , T o A : ‘
WELLSOFE,_,, = ————3%% for j = 1, 2, r = offshore regions, k = 1,2 g n (68)
. e COSTu.k.l E . L o . : N . o :

/Cal’culéti'on of su¢ce$sful offshore wells SR ,
' SUCWELSOFE,,, = WELLSOFE,,, * SR, for i = 1, 2,r = offshore regions, k = 1,2* 69
' Calculation of offshore dry holes

DRYWELOFF, ; , = WELLSOFF, _, , - SUCWELSQPFQM fori=12 - S (70)
= offshore regions, k' = 1, 2 . R . ]

Lowér 48 Onshore & Offs'hore Reserve Additiohs ’
New réserve discbveries_I |

Fer.k’t = Fer_k.t_l(l +Bl)%erbl~"k"‘SWI'” ,v . : . . . ,\ ‘» - ‘ i - R . (71)

5 . (Rl (1+p1) - FRMIN,) + RSVGR
skt = T QTECH,,, - CUMRESL, ,

(72);',‘ . ‘

CUMRES1 = -121 (NRDr_k,'f* RSVGR) » ) - : - . a3

NDR _ R, (148D « 1 o Yl swi)’
o 8L, : '

(04
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Inferred reserves
L = NDR,, « RSVGR = 1) SR L o 0%
Reserve extensions
FR2,,, = mm_li(l,;pz) w e Ohxe* W2y, . v B . i ‘ ' : o ’ (76)
_ FR2,, (1+p2) * DECFAC -
820 = = = Pre— , - (7
L, *(1+TECH)"" + CUMRES2,,, , - CUMRES3,,,
CUMRES2,_,, = Elx.k.'r : _ : o o - (78)
ext,, - Rl ooy a5
* 62:.!:.&/ ' . . ) '
Reserve revisions ‘ ‘
PR'3'X,1(,I. = FR3r.k.'.-l(1 +B3) *_e;-ésrx!‘mr,‘k.( . . . . ‘{ ’ o - /, . BN . ‘ ’ ‘(80)
 FR3_, (1+B3) » DECFAC ‘
83, = = ~ : (81)
1, ~(1+TECH)T + CUMRES2,,, , - CUMRES3 |
- CUMRES3, '_',1; (EXT,;r * REV;p o ‘ B IR 82)
. R3 1+63) - _‘. <« swil N ‘ ’ .
REV,,, = __5%‘?_‘5_). * (1 - ot sws) S , ’ S 83
Total reserve additions
: SWiy, 'swzw" L CT L SWa, : . : :
. 1 ity : :
RAL: %= [ BRLASWI) + [ FR2, ASW2) + [ FR3, d(SW3) - _ R 7))
. Ttk -9 [Y . 0 . )
End-of-year reserves = , }
R = Rr.k,t;1~ _'Qr,k.p *RAL, o . o e ‘ - (85)
B-8 ‘ . Enérgy Information AdmlnlstratlothIl and Gaé Supply Module Documentation
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Lower 48 Onshore & Offshore Production to Reserves Ratlo
Ryt P&*(l -PR)) + (PRNEW = RA,)

, Assoclated-dlssolved gas productlon
Am.AS h(c()),'h(al),'m( . OILPROD p0t+pl nm D . ) - ’ » R ‘ o (87) .
Alaska Supply
Expected Costs
Dﬁflling costs ‘ \ ‘ o
DRILLCOST,,, = DRILLCOST, ;7 * (1 - TECHD=*¢-T) = o @
\ _ L'ea.’s'e,equipm_eni costs R , v ,
EQUIP,, = EQU]P:&.;I‘, * (1 - TECH2)*x(t ‘,TQ : s ) o E ; o (89)
" Operating costs , N ‘ ‘
OP'COSTXM .= OPCOSTxJ:.T; « (1‘ -kTEC:I‘B)* *‘(t :‘_ T b) : ‘ ) . . | ‘ - = (90)
Tanﬁ's
~ TRR, = OPERCOST, + DRR, + TOTDEP, + MARGIN, + DEFRETREC + 'IXALLW /
 NONTRANSREY, + CARRYOVER . O
 TOTDEP, = DEP, » (DEPPROP, , + ADDS,, - PROCEEDS,,, - TOTDER,} .~ (92
' MARGIN, = AL.IDW-‘*THRUPUT, + 0.064 *'(DEPPROPNEW_‘ + DEFRET )y, - DEFrAxm_t)‘ - (93)
| DEFRETREC, = DEP, « (DEFRET, , + INFLAD], , + AFUDC, , - DEFRETREC, ) R T,
TXALLW, = TXRATE * (MARGIN, + DEFRETREC,) S D 05
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- Canadian Gas Trade
Net cash flow.
NCE,, = REV - ROY - DRILLCOST - BQUIPCOST -

. OPERCOST - DRYCOST - PROVTAX - FEDTAX),, = - - : N : - 96) -
Expected dlscounted cash flow
. PROIDCE,. = 3> [NC e I " ’~ |
CE,, TE Fm [1 dm] ] | _ : ©7)

' Expected revenues ‘
REV,,“ = Q,m*(Pw TRANSk) * Qop,*Poors “TRANS ), COP-= coproduct | : - T
Expected reyalty payments |
- ROY,, = ROYRT*REV,, o e S 9
R Expected costs

Successﬁd dnllmg costs

DRILLCOSTM = DRILL,., SRy, * WH,LIH * DRILLm SRzk* 2 , o o0y
Dry hole costs o T s
) * DRYCOST,,, = DRY,»(1-SR,)»WELL,,; + DRY, *(1-SR, )+ WELL,, 3 0 ao,
Lease equipment costs _ o ‘
EQUIP,, = EQUIP, (SR WH.LIH . SRn*WEUu) S 4 S (102)
- Operating costs
o C '. ) . . T ) s : R -
OPERCOST,, = OPCOSTm* ¥ [ *WELLI X1t Ssz* ZJa] - ‘ (103)
, k=1 o ;
Expected federal tax base ‘ v
= (REV - OPERCOST - XIDC - DEPREC -RA -DA - DmrcosnJu . S | (104)
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Expected expensed costs

- XIDC, = DRlle*EXP *SR,,‘*WEIL,MDRMQJ; *EXP *SRu WEUu ' (105) .

Expected depreciable costs

'DEPRECM Eﬁ (DR]LL,LT*(I EXPX)+EQU]P1LT)*SRR*WHLI_‘J
IS

(szxr*(l ~EXP,) +EQUIP *SRu*WE]LLm]

VDEP/ 1\ RTINS oL DT |
) t=j+1 (1+inﬂ) : (1+dxsc] ’_ " R = , (106)

. ) Bv_- T for t<T+m-1
: ‘ " | t-m+1 for t>T+m-1

Expected resource allowance , R _ ‘
Ry, = 025 « REV,- "ROY,,,-OPERCOST-DEPRECy) oD

Expected depletlon allowance - B ,
4 DA, = (DR]LLCOSTm*»DRYCOST m) « (- lNVESTCR) x: DEPLRT: - I ; L (108)

, Exp_eeted provincia!_tax base - , |
PTL,, = FII,-ROY,, -RA,, -DRYCOST,, B R - (109)

Expected provincial income taxes ) o L ,
'PROVTAX,,, = FII, » PROVRT T - (110)

‘Expected federal income taxes , _
. FEDTAX, = FI, » FDRT SR / . ooam

Calculation of successful Canadian wells ~

WELLSL = ﬁO + Bl *. DCF - [52,‘ » DUMB83, + p, ,WELLSM_I o o IR 112)
BO, - p, *B1, * DCFk.c A B2k DUM83” R : ' ' ' v . s
for k = oil, gas

Energy Information Administration/Oll and Gas Supply Module Docﬁmenﬁﬂon : L \'8-11




~Reserve additions
R SRR, e e T L (1 FRTECH)

5 o Ry, - FRMIN, ~ RSVGR

Qo (10 + TECH)"T - CUMRES,,,

RA,, = XL o (1ot TS

s

- End-of-year reserves

R, =R, ~RA, -Q

| Prdduction to reserves ratio
Q * (1-PR,) + PRNEW * RA_,
T R,

PRk.Hl =

Energy Information Administration/Oft and Gas Supply Module Docqmentatlon .
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| Appendix D. Model Abstract
. Model Name. | S “ R o = 1
0Oil and Gas Supply Module . o IR <

Acronym |
OGSM

. Description ! ' o ’

o OGSM projects the following aspects of thc crude 011 and natural gas supply mdustry
‘ ] produchon Y : ;

@ reserves o

‘® drlling act1v1ty -

e natural gas imports and exports

Purpose . ' ' '
© OGSMis used by the Oil and Gas Analysxs Branch in the Ofﬁce of Intcgrated Ana1y81s and Forecasﬁng f
~ as an analytic aid to support preparation of projections of reserves and production of crude oil and
natural gas at the regional and national level. The annual projections and associated analyses appear in
 the Annual Energy Outlook (DOE/EIA-0383) of the Energy Information Administration. The projections
also are provided as a service to other branches of the U.S. Department ‘of Energy, the Federal
- Government, and non-Federal public and pnvate mstmmons concerned w1th the crude oil and natural -
- gas mdustry B : N
Date of Last Updaxe
- 1996

Partof Anothcr Model ‘
Natxonal Energy Modchng System (NEMS)

' Model Interface Rcfermccs
Coal Module B
- Electricity Module " -
Industrial Module
" International Module
~ Natural Gas Transportation and Dlstnbuuon Model (N GTDM} .
" Macroeconomic Module
Peu'oleum Market Module (PMM)

.. Official Model Representauvc

e Office: Integrating Analysis and Forecasting
Division: Energy Supply and Conversion

" Branch: 0.11\ and Gas Analysis ~ ~ S
 Model Contact: Ted McCallister B
Telephone: (202) 586,-4820

Documcntauon Rcfcrencc ' ’ ‘ ' T
U.S. Department of Energy. 1996 Documentatwn of the Oil and Gas Supply Module (OGSM),
DOE/EIA- M063 Energy Informatlon Adlmmstratlon, Washington, DC. '

U S Departmcnt of Energy. 1995. Documentatzon of the Oil and Gas Supply Module ( OGSM ),
DOE/EIA-M063 Energy Informanon Adrmmstraﬁon, Washmgton, DC.
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U.S. Dcparﬁnent of Energy. 1994. Dbcume_ntatioh of the Oil and Gas Supply Module ( OGSM),
Appendix: Model Developers Report, Energy Information Administration, Washington, DC.

10. Archive Media and Installation Manual - -
NEMS97 \

11. Energy Systems Described . R S . o
The OGSM forecasts oil and natural gas production activities for six onshore and three offshore regions
“as well as three Alaskan regions. Exploratory and developmental drilling are treated separately, with
exploratory drilling further differentiated as new field wildcats or other exploratory wells. New field
wildcats are those wells drilled for a new field on-a structure or in an' environment never before
productive. Other exploratory wells are those drilled in already productive locations. Development wells
are primarily within or near proven areas and can'result in extensions or revisions. Exploration yields
new additions to the stock of reserves and-development detérrnines the rate of production from the stock
of known reserves. ‘ ‘ SR - ‘

- The OGSM also projects natural gastrade via pimhe with Canada and Mexico, as well as liciueﬁed E
natural gas (LNG) trade. U.S. natural gas trade with Canada is represented by six entry/exit points and -
trade with Mexico by three entry/exit points. Four LNG receiving terminals are represented.” f

12. Coverage . . S T - : ]
' @ Geographic: Six Lower 48 onshore supply regions, three Lower 48 offshore regions, and three
‘ Alaskan regions. o ' : .
e Time Units/Frequency: Annually 1990 through 2015 "~
e Product(s): Crude oil and natural gas = .
e Economic Sector(s): Oil and gas field production activities and foreign natural gas trade

- 13. Model Features - S o :
" Model Structure: Modular, containing five major components
- Lower 48 Onshore Supply Submodule -
~ Lower 48 Offshore Supply Submodule

Foreign Natural Gas Supply Submodule

- Enhanced Oil Recovety Submodule : o

- Alaska Oil and Gas Supply Submodule I ,
‘@ Modeling Technique: The OGSM is a hybrid econometric/discovery process model. Drilling
© activities in the United States and Canada are determined by the discounted cash flow that measures,

the expected present value profits for the proposed effort and other key economic variables. LNG - -

imports are projected on the basis of unit supply costs for gas delivered into the Lower 48 pipeline
e gcp;‘zoékFcatures Cén run stand—él’onekor’ within the NEMS. Intcg:ated NEMS uns cmploy short |
term supply ﬁmcﬁons for efficient markct equilibration. S :
14 Non;DOE Inpuf Data | | |
e Alaskan Oil and Gas Field Size Distributions - US. Geological Survey
o Alaska Facxhty Cost B-/y' Oil Field Size - US. ‘Gcoll‘ogical‘ Survey
0 - Alaska Operatmg cost - U.S. Geological Survc:y : |

e State Cofporate Tax Rate - 4Co'1'nmerce Clééring House, Inc. State Tax Guide
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State Severance Tax Rate - Commerce Clearing House, Inc. State Tax Guide E

' Federal ~Corp’orate Tax Rate RoyaltydR'ate -U.S.Tax Code

OnshoreDnllmg Costs - Ameucm Petmleum Instrtute Jomt Assoczanon Survey of Dnllmg Costs

(1 970—1 990), Washmgton, D. C

Offshore Dnlhng Costs - Department of Interior. Minerals Management Servrce (Correspondence

- ﬁ'om Gulf of Mexxco and Pacific OCS regxonal oﬁices)

Offshore Platform Costs - Department of Interior. Minerals Management Servrce (Correspondence o
from Gulf of Mextco and Pacrﬁc oCs reglonal ofﬁces) ' ’

Offshore Lease Eqmpment and Operatmg Costs Department of Interior. Mmerals Management '—

Semce (Correspondence from Gu]f of Mexxco and Pacific OCS regtonal oﬁ'rces)

Offshore Wells Dnlled per Pro;ect Department of Intenor Mmerals Management Semce o

, (Con'espondence from Gulf of Mexrco and Pacific OCS regtona] oﬁices)

OffshoreExpected Reoovery of Oil and Gas - Department of Intenor Mmerals Management Service

. (Correspondence from Gulf of Mexnco and Pacific 0CS reglonal offices)

Canadxan Royalty Rate Corporate Tax Rate, Provmcral Corporate Tax Rate- Energy Mmes and

- Resources Canada. Petroleum Fiscal Systems in Canada (Third Edition - 1988)

' Canadran Wells dnlled Canadran Petroleum Assoc1atton Statzsncal Handbook (1976—1990)

:Canadtanbease Eqmpment and Operating Costs - Sproule Assocrates Lumted The Future Natural
Gas Supply Capability of the Western Canadlan Sedunentary ‘Basin (Report Prepared for

Transcanada Prpelmes anted January 1990)

Canadran Recoverable Resource Base - Nauonal Energy Board Canadzan Energy Supply and
Demand 1990 2010, June 1991 : ‘

‘ Canadlan Reserves Canadtan Pelroleum Assoc1atton Stausncal Handbook (1976-1990)

15. DOEInputDatav- R RIS P

'Onshore Lease Eqmpment Cost - Energy Informatron Adrmmstrauon Costs and Indexes for

Domestic Oil and Gas Field Equzpment and Producnon Operatzons (1980 - 1991 ), DOE/EIA—

’ 0815(80-91)

Onshore Operatmg Cost Energy Informatton Administration. Costs and Indexes for Domesnc Ozl :

: and Gas Field Equzpment and Production Operatwns (1980 - 1991), DOEIEIA-0815(80-91)

Emrssxons Factors Energy Informanon Admmlstratron A

Canadxan Gas Imports Border Crossmg Pomt Capacmes ‘Energy Informatron Admrmstratton

' Capaczty and Service on ‘the Interstate Natural Gas Pipeline System 1 990 DOEIEIA—0556

0l and Gas Well Imttal Flow Rates Energy Informatron Adrmmstratlon Ofﬁce of 01l and Gas - -

Energy vlnfélrm'at!on AdmlnlstatlonlOll an'd’Gas 3upply Module Documentation - : - D3




16.

17,

’ ”18.

19!

: Computmg Env;ronment

Wells Drilled - Energy Information Administration. Office of Oil and Gas

‘Expected Recovery of Ol and Gas Per Well - Energy Information Administration. Office of Oil and

Undiscovered Recoverable Resource Base - Energy Information Administration. The Domestic Oil |
and Gas Recoverable Resource Base Supportmg Analyszs for the National Energy strategy, ,

) SR/NES/92-05

Oil and Gas Reserves - Energy Information Adnnmslrauon U.S. Crude Oil, Natural Gas, and,
Natural Gas quuzds Reserves, (1977 1995) DOE/EIA-0216(77-95) ‘

Hardware Used: RS/6000

,Operatmg System: UNIX"

Language/Software Used: FORTRAN

-Memory Requirement: Unknown

Storage Requirement: 992 bytes for input data storage; 180 864 bytes for output storagc, 1280
bytes for code storage; and 5736 bytes for compiled code storage :
Est.mated Run Time: 9.8 scconds ‘

Reviews conducted

Independent Expert Rewews, Model Quality Alldlt \

Status of Evaluation Efforts
Not applicable

Blbhography ,
See Appendix ¢ Cof this documcnt
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Appendlx E. Parameter Estlmatlon

. The major pomon of the lower 48 011 and gas supply component of the OGSM cons1sts of a system of equauons ‘
- that are used to forecast exploratory and developmental drilling expenditures. The equations, the estimation
~ techniques, and the statistical results are documented below. Documentation is also provided for the estimation
" “of the drilling, lease equipment, and operating cost equations as well as the associated-dissolved gas equations
_ and the Canadian oil and gas wells equations. Finally, the appendix documents the estimation of oil and gas
- supply price elasticities that are passed to the PMM and the NGTDM for (poss1blc) use in their short un supply»
functions. The economctnc software packagcs, SAS and TSP, were used for the estimations. . - -

\

Onshore Expend|ture Equatlons

- Lower 48 Onshore Exploratmn Expendltures by Reglon and Fuel Type'

SPENDON,_,, = mo,, + (ml,, * DCFON, .} ) . fri=1 | R )
2 : (=1 k=), G=5,k=3) o - . ' ' )
SPENDON,,, = m0,; + (ml,, * DCFONM) + (m2,, + DUMB2), fori=1, T ®
o =135 k=2 A RET : ,
SPENDON,,, = m0,, + (ml,, RDCFONm) forik= Lo ey
. rslks= “UGR : ;
- SPENDON,, = m0, + (ml_ * DCPONHL‘) * puk*SPENDONux“ B T °y
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=2, k=2-3), (=4, k=2), (=5, k=1), (=6, k=1-2)

(@l

SPENDON,,, = m0,, s RDCFON,, ), fori=1, -~ . L ®
C =2, k=UGR , , , ‘ : - S
SPENDON,,, = m0,, + (ml_, » DCFON,, ) *+ (u2,, * DUM87), fori=1, wm
T or=3,k=1 R — D ,
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» ‘ﬁ SP?NDQNhk.t
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= Pix
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SPENDON,,,, = m0,,, * (@l * DCFON,;5 ) fori=1, 12)
7 r=5k=UGR. : |

LoWer 48 Onshore Deve‘lopment EXpeh’ditures by Region and Fuel Type o
~ SPENDON,,, =, m0,,, + (ml,; * DCFde )+ 2y * DﬁMén)- c fwi<2 o a3
C . r=1,35 k=1 oE T N 3

: SPENDONS:L& = ml_, + (ml;, * DCIPON;&")‘ + (mz“k * DUM7579J>’ + (m3,, * DUM8388¢)" for i=13, (1\4 ) s
' o r=1,k=2 IR e S ’ :
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. r;=1,k=UGR, N . . B :
: SPENDON“;H = ml,; + (ml;r.k * DCR)NUJ“ ), for i=1, : _ ' o .i - (16) . |
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| SPENDON,, =" m0,, + (ml,, * DCFON,;), fori = 2,

r=5 k=UGR @9

SPENDON, ;, =m0, + (ml,, * DCFON,;, ) + (2 + DUM?983) + ,,*SPENDON, ;. ,

o P @0 ¢ (ml;,, * DCFON; ;) * @2y * DUM7983,_) ), fori=2, | . (26)
Cr=6k=2 o o R :
«
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- O’ﬁshoreEXpenditure Equations |

Paxameter estimates for the oﬁ’shore expendltute torecasung equanons were obtained usmg tthSP’ Seemmgly
* “Unrelated Regressnon method. The rcsults for each offshore reglon are gwen below '

 Pacific.
" Exploration - o | |
- LSPENDOFF,, = a0, ~al,, RDCl'-’Ol'-l"‘u_ml mri =1, r=8k=1 @D
TSI . Standard S
Parameter Estimate ~ Emor . . t-statistic
a0 179402+ - . 232012 77.3243
al » 279045’E-07 ~999985E-08 2.79049
E Standard Errors computcd from quadra!m form of analyuc first
" denvauves (Gauss)
Mean of dependent vanable =183979  Std. error of regression = .591625
_Std. dev. of dependent var.= . 777172 : R-squared = .372199 I
- Sum of squared residuals = 4.55027  Durbin-Watson statistic = .927777 . ° : , )
Variance ot residuals = :350021 '
,b Development - ‘
' LSPENDOFF,,, - a0, Jgu:-a:’opp friz=2r=8k=1 (28)
: ) . - Standard o
Parameter Estimate ~ ~ Emor. . - t-statistic -
o0 - 17.9593 227513 78.9378
el 111280}3‘-06 - .227849E-07 - 4.88394

Standard Errors computed from quadratxc torm of analyuc first
-denvatxves (Gauss)

Mean of dependent vanable =18.9492  Std. error of regression = 372665
Std. dev. of dependent var. = .650911 -~ R-squared = .644896
Sum of squared residuals = 1.80543  Durbin-Watson statistic = 836535
Variance of residuals = .138879 - ' : '

E8 . -, Energy lntomiaﬂon Admlnlsh’aﬂonléll and Gas Supply Module Documentation




Western Gulf of Mexico -
Exploration v L Lo
| LSPENDOFE,,, = 0, +a1,DCFOFE,, 02, DUMS for i = 1,1 =9,k = 12

Standard

- Parameter  Estimate Error - t-statistic-
«0 © 194068 - 312688 62.0645
2 35029OE-07 .148540E-07  2.35822

o2 : -872022 - 307087 S 83966 ‘

~ Standard Errors computcd from quadraua form of analyuc first
derivatives (Gauss) v \ o

- Std. error of regressmn 501824
R—squared 391980

Durbin-Watson statistic = 1.45152

" Mean of dcpendent vanablc 19 5542
Std. dev. of dependent var. = 667761

_ Sum of squared residuals = 3. 52559

- Variance of re51duals =.251828

Development Oll
. LSPENDOFE,,, = a0, +ol, DCFOFE,, forig: 2,r= 9,k=1.

B o . Standard'
Parameter .~ Estimate - Error t-statistic -
«0 151774 350463 43.3067
4.61070

ol - 489784E-06 .106228E-06

- Standard Errors computcd from quadrauc form of ana]y‘uc ﬁrst
denvatwes (Gauss) - ,

Mcan of dependent: variable = 16 7286 . Std error of regression = 367245
\ R-squared = .605782

' Std. dev. of dependent var. = .606968 ,
Sum of squared residuals = 1.88816 Durbin-Watson statistic = 2.37875

T Variance of res1dua]s = 134869

Energy information Administration/Oll and Gas,Su’pply' Module Documentation
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) Develqpmeht -Gas

LSPENDOFE,,, = 0;,,+01,,,NDCFOFF,, + 02, DUMS2, for i = 2, 1 =9k=2 ’ ‘ (31
Standard ,
+ . Parameter Estimate Error : t-statistic
«0 ~  18.8303 239689 78.7699
. al- . 788467E-07  430295E-07  1.83239
o2 ' -490411° 210369 ©-2.33120

Mean of dependent variable = 19.0126 Std. error of regression = 340698
Std. dev. of dependent var. = 434007 . B R-squared = 338557 -
" Sum of squared residuals = 1.62505 = Durbin-Watson statistic = 1.69675 ’

Variance of residuals = .116075 - E '

‘Central Guif 6f Mexico

| EprOratioti NN ‘ : ‘
- LSPENDOFE,_,, = .a0i3+a1;,RDCFOPF;_1,+a2;¥DUM89,‘for i=1,1=10k=12 (32)
v . ; ‘Standard
Parameter  Estimate , Error t-statistic
el 200397 - 096929 206.745
~al " 361585E-07 .194169E-07 1.86221
Sl L -.844842 o .196200 ¢ -4.30602
Mean of dependent variable = 20.0013 std. error of regrgsSiOn =.309244 -
Std. dev. of dependent var. = 443900 - R-squared = 488141
Sum of squared residuals = 1.33885 " Durbin-Watson statistic = 1.92762
* Variance of residuals = .095632 - . L
‘Development - Oil | « o . ,
LSPENDOFE,,, = 40, +al, ,DCFOFE,  +a2,,DUMSS, for i = 2, r= 10, k = 1 S £
R Standard .
Parameter ~~ Estimate -~~~ Ermor, t-statistic
«0 - 19.9828 ©.197034 101418
ol .T71624B-07.  389498E-07 198107
o2 o -555048 - 164449 . -337520

Standard Errors computed from quadratic form of analytic first
derivatives (Gauss) ‘ . : B
' Mean of dependent variable = 20.1029 . Std. error of regression = 294100
Std. dev. of dependent var. = A76060 R-squared = .590916
Sum of squared residuals = 121092  Durbin-Watson statistic = 1.50551
Variance of residuals = .086495 IR o

E-10
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Developmen? - Gas

LSPENDOFE,,, = 0, +al,_DCFOFF,, +02, ,DUMSI, fori = 2, r= 10,k = 2 3
- - , Standard -
Parameter  Estimate ~  Emor t-statistic
o0 - - 20.3054 175785 115513 .
el .170862E-06 - .554934E-07 © 3.07897 .
- a2” B -912176 L 176070 oo «5.18075

Standard Errors computed from quadrahc form of analyuc ﬁrst
~ ‘derivatives (Gauss) L

. Mean of dependent variable = 20 2558 Std error of regressmn 279990
~ Std. dev. of dependent * var. =.410704 "~ R-squared =.512182
~ Sum of squared residuals = 1.09752 Durbm-Watson stat:stw 1 79689

Variance of residuals = .078394

- Deep Water Gulf of Me).(ico:,,,

‘Explor.ation . » o
. LSPENDOFE,, = 0, +al uRDCFO . v TREND, fori=1r=12k=12, (39
e . Standard o
~ Parameter Esumate , Error t-statistic
«0 . 18 8262 . 222349 " 84.6694
al 144612E-07 750478E-08 - 1.92693
a2 , :504133E-03 182495E-03 276244

- Std. error of regression = 648486
R-squared = .466245

Durbm-Watson statistic = 2. 20941

Mean of dependent vanable 19 3039
_ Std. dev: of dependent var. = .921 132 -

- Sum of squared residuals = 5.88748
Variance of residuals = 420534

" Energy Information AdmlhlsiratlonlOll and Ges Supply Module Documentation S
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 (36)

Development - Oil S .
LSPENDOFF,, = e0, , +al,, DCFOFE, ;. +02,,;TREND, for i -2, 12,k=1
‘ ; o ,Standard . | ' ,

- Parameter‘ . Estimate . Error t-statistic -
a0 164725 . 339151 485697
ol .546722E-07 .16862815-07 -~ 324218 B

o2 - A04752E-03 989956E—04 - 408859

‘Standard Errors computed from quadranc form of analyua first
denvanves (Gauss) L
‘Mean of dcpcndent vanablc 177390 . Std. error of regression = - 385975
Std. dev. of dependent var. = .629309 B R—squared .594888
Sum of squared residuals = 2.08567 . Durbm—Watson statistic = 2. 12398
Vanance of re31duals =.148977 , ; o

\Development -Gas ‘
LSPENDOFE,, = 00,01, DCFOFF 1o fori=2 1= 12, k 2 <
‘Standardf | |
Parameter - Estimate Error  t-statistic
a0 . © 14.9066 415808 - 35.8498
©al 130858E-06 286249E-‘07 - 4;57146 o
Mean of dcpendent vanablc 16 6838 Std. error of regressxon 552108
Std. dev. of dependent var. = 901396 “R-squared =:595981
Sum of squared residuals =4.26753  Durbin-Watson statistic = 1.65392
- Variance of residuals = .304823 ‘ R
Sﬁpp\h_j Module Documentation
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Drllllng Cost Equatlons

Drilling costs were hypothesxzcd tobea ﬁmcuon of dnllmg, depth, and a time trend ‘that prox1es for the .
- cumulative effect of technologlcal advances on costs. The form of the equation was assumed to be log-linear. The

- equations were estimated in log-linear form using Seemmgly Unrelated chressxon (SUR) techmque avatlable S

Jin, SAS The forms of the equations are:

\' ‘Onshore Regions 2.thr_ough 5 N e

- LDRILLCOST,, = In(30),,, * 21.3(60) _k*DUM + 81 *LWELLSON‘L R , : |
' © -+ 8, °DEPTH,,, : 53, <TIME, +pk*LDRILLCOSTWl : e -G8

- p,* [m(ao)n Zln(ﬁO) k*DUM + 61kLWELLSONl .
+ 82,*DEPTH,, ‘, + 63 +TIME._]

. Results

Mappin of vanable names from the abovc equauon .to the fo llow'-gg SAS output”

IR Successful o " Dy - . “ .
Variable/Para i ' R ' ‘ N
*meter ol | Gas |- Deep | Ol | = Gas |- Deep
LDRILLCOST | Lo_ch | reasc . LDEPC | LDOLC ‘LDGSC. %DDPV
In(30), 00 | G | o DOO DGO | DDO
Lomew. o3 Lo | ps | pos | pes | op3
oo 1o Lo o [oos [ou [om
“ meo, | os | o | ps | pos | bes | ops |
r 81 | W.SG | WG "Dl"‘ | woe | W_DGV"' DDl ||
&2 | o | G | Do Do2 | DG2 | DD2
s rar | taw | Tamw | Taw | Tar | TaAL)
o | orwo | crHO | DREO - DORH, | ISGRH_ 'gDR'H

Enérgyllnforméﬂon \Adn"ailnlsh'atlorVOIl and Gas Supply Module Dpcuméﬁtaﬂon o E-13




. LOWER 48 ONSHORE DRILLING COST - REGIONS 2-5

MODEL Procedure
SUR Estimation

Nonllnear SUR Summary of Resxdual Errors

Equatlon

Leasc”
LOILC
LDGSC
LDOLC
LDEPC
LDDEC

Nonl:.near SUR Parameter Estmates -

[elt)
G2
G3
c4. -
GS

GRHO =

Do
Dl
b2
D3
D4
D5 -
_ DRHO
00
02/
03 .
04
ORHO
DGO
D&2
Da3
DG4
. DG5S
DGRHO
DDO
DDL
DD2
DD4
-DDS.
DOo-
Do2
DO3
DORHO
© W_SGO
W_DGO
T_ALL

Used
Missing

E-14

'6.667

4.667
- 7.167

_Parameter

DF

: DF
‘Model

Error

61.33
62:33
61.33

5.667
6.667

i 60.83
5.167

Estimate
-10.325980
0..00015052

~-0.573811
~0.576572
- =-0.348722

0.659289 -

-+ 1.00949
0.08682:

0.00001917

6.082956

. 0.577466
0.00021102
-0.209031
-0.405231
0.204136
0.295817
8.927733
0.00035097
- ~0.204729
-0.142748
0.692312

7.647188
0.00023738 -

~0.500289
-0.360355
~-0.197634

0.639874 -

6.604710
0.637369
0.00012392
--0.199621

0.551357 | .

7.06513%
0.00030270
-0.397469

0.680692
'0.221945

0.371348
-0:026888

umber of Observatlons
[

63.33.
62.83

;SSE,
0.80068

~ 0.53702
0.96777

1.63616°

2.74803

~7.56055

Approx. o

std. Exrr
0.74968%
0.00002161
0.12064

0.11130

0.09356
0.07165

0.08785

0.09946 -
0.0989¢

0.10180
0.72772
0.0000187

0.09331
0.07752

“ 0.07288
0.91397
0.00003051

0.12829.

0.11178
0.089396
0.06755

1.17838:

0.10632
0.00002027
0.10129

" 0.00003555
0.14637
0..07296
0.06258

0.07888 -

0.0056351

e

0.10064 °
0.91178

MSE

©0.01305
0.0086153
0.01578

0.02583

0.04517..

-0.12033

_|Tt
Ratio
13.77 -

6.97
-4.76
-5.18
-3.73

9.20

6.03:

6.65

©.311.01
-2.38
-4.07.

2.06
2.91
'12.27

. 18.77
- -2.18
-1.84

. 8.50

8.37

7.78
-3.90

. =3.22
22,20

9.47

5.60

6.00

6.11
-1.97
, 5.48

7.75%

8.51°

-2.72
9.33
3.55
4.71

~4.77

o L Durbin
Root MSE R-Square Adj R-Sq  Watson
. 0.11426 0.9359 0.9300 - 1.307
! 0.09282 0.9656 -+ 0.9630 1.191
0.12561 0.9487 0.9440 1.271
0.16073 ~  0.9123 0.9072 -1.432
. 0.21254 . 0.8272  0.8096  1.895
- 0.34688 0.6843 - . 0.6633 1.855
Approx.
-Prob>|T| Label
S0, 0001 CONSTANT -vSHALLOW GAS
0.0001 - AVG DEPTH - SHALLOW GAS .
0.0001‘ DUMMY REGION 3 - SHALLOW GAS
0.0001 -DUMMY REGION 4 = SHALLOW GAS
040004 DUMMY REGION 5 - SHALLOW GAS -~
0.0001 AUTOCCRRELATION - SHALLOW GAS
0.0001 - CONSTANT - DEEP GAS.
0.0001  LAGGED LOG TOTAL WELLS - DEEP: GAS
0.0001 AVG DEPTH - DEEP GAS
0.0205 - DUMMY REGION 3 - DEEP GAS
-0.0001 DUMMY REGION 4 -. DEEP GAS
0.0434 DUMMY REGION § - DEEP GAS
" 0.0051 'AUTOCORRELATION - DEEP GAS
0.0001 CONSTANT - OIL
0.0001 AVG DEPTH - .OIL
0320 - DUMMY REGION 3 - oIL
0.0703  DUMMY REGION 4 - OIL
0.0001 ,AUTOCORRELATION,- OIL
\0.0001\wCONSTANT - DRY SHALLOW GAS
0.0001 AVG DEPTH - DRY SHALLOW GAS
. 0.0002 DUMMY REGION 3" - DRY SHALLOW GAS
. 0.0020 " DUMMY REGION 4 -~ DRY SHALLOW GAS
-0.0318 DUMMY "REGION 5 - DRY SHALLOW GAS
0.0001 ADTOCORRELATION -. DRY SHAL. GAS
0.0001 CONSTANT - DRY DEEP GAS
0.0001 LAGGED LOG ‘TOTAL WELLS - DRY DEEP GAS
0.0001 _AVG DEPTH - DRY DEEP - GAS
0.0531 ‘DUMMY REGION 4 - DRY DEEP GAS
0.0001 DUMMY REGION 5 - ‘DRY DEEP GAS
0.0001 CONSTANT - DRY OIL
0.0001. AVG DEPTH - DRY OIL
.0.0085  DUMMY REGION 3 - DRY OIL:
0.0001 . AUTOCORRELATION - DRY OIL
0.0007 LAG LOG TOTAL WELLS - SUC. SHAL. GAS & OIL
'0.0001 LAG LOG TOTAL WELLS - DRY ‘SHAL. GAS & oIL
0.0001 . TIME TREND

‘sStatistics for system B

‘Objective

5.0727

objectlve*N 344 9429

Energy Informélion Admlntshéﬂon/b“ and Gas Supply Module Documehhtlon



~__Onshore Regions 1and 6

LDRILLCOST,,, = In(30),, + kx(éO)“*DUM + 81 *LWELLSON” ‘ - '
: "+ 82,»DEPTH,, + 83,»TIME, + p,«IDRILLCOST,,, - - S 39
-y *{in(80),, + ln(60)6_k*DUM6 51, LWELLSON, , : =
e+ 52k=«DEPer , + 83,TIME,_] .

s Results

' Ma ing of vanable names from the above equanon to the followm SAS output
Variable/Para -1 1 1
: Ooil | - Gas
LDRILLCOST | LOILC | LGASC| LDOLC LDGS -
m@0), | 00 GO ‘poo’ | DGO
In(80), o6 | G | Dot DG6
8 | WoOL | WGA | WDR | WDR |
| | s e Y
22 | DALL| DALL| DAL | DAL |
83 T ALL | TALL | TAL | TALL
l‘ o | orHO | GRHO | DORH | DGRH
| , » Tl SR

Energy Information Adinlnlsh'aﬂdnlOIl and Gas Supply Module Documentation B85




LOWER 48 'ONSHORE DRILLING COST - REGIONS 1&6

MODEL Procedure
* SUR Estimation

Nonlinear SUR Summary of Residual*Erfors

. DF DF

. Equatlon Model Error
- LGASC 4.5 29.5
LOILC - 4.5 29.5
LDGSC 4 ‘30
31

_LDOLC 3

SSE

0.23562
0.35381

v 0.49474

1.72973

Nonllnear SUR Parameter Estlmates

Parameter 'Estimate

Go 8.374207
cé 0.639338
GRHO 0.451936
00 9.712163
06 0.397184
ORHO 0.480526
DGO 8.356993
DG6 0.331623
DGRHO 0.408926
DOO 7.598299
Doé .. - - 0.867189
D_ALL ~ ~ 0.00021980
- W_GAS 0.279384
W_OIL 0.131556
W_DRY’ . 0.261473
T_ALL <0.021851

Number of observatlons
34

Used
Missing

Approx.
std Err

0.80760
:© 0.13536
0.12046
0.81072
0.08606
0.09237
10.89454
0.14184
0.13792

0.87381
'0.08098"

0.00004557
T .0.06502
0.07080
0.07808
0.0058953

'MSE

0.0079872

0:01199
0.01649

0.05580

.ITI v
- Ratio

10.37
- 4.2
'3.75
11.98
4.62
-5.20
9.34
- 2.34

2.96

. 8.70
10.71.
4.82
4.05"
1.86
3.35
-3.71

Root MSE R-Square Adj R-Sg. Watson
.0.08937 0.9826 .. 0.9805 1.551.
0.10951 0.6234. 0.5788 1.596.
0.12842 0.9423.° -0.9365 .1.651
0.23622 0.7733 0.7586 - 1.233

Approx.
Prob>lT| Label
0.0001, CONSTANT - SHALLOW GAS
. 0.0001 DUMMY REGION 6 -~ SHALLOW GAS
.-0.0008 AUTOCORRELATION - SHALLOW GAS
0.0001 CONSTANT - OIL
0.0001 DUMMY REGION 6 - OIL
©0.0001 AUTQCORRELATION - OIL
0.0001 CONSTANT - DRY SHALLOW GAS
0.0262 . DUMMY REGION 6 - DRY SHALLOW GAS
0.0059 AUTOCORRELATION - DRY SHALLOW GAS
0.0001 CONSTANT - DRY OIL :
0.0001 DUMMY REGION & - DRY oIL
0.0001 AVG DEPTH
0.,‘0004 LAGGED LOG TOTAL WELLS - SHALLOW GAS
0'.0733" LAGGED LOG TOTAL WELLS - OIL
- 0.0022 LAGGED LOG TOTAL WELLS - DRY
0.0008 TIME TREND

Statistics for System

Objective 3.

2443

Objective*N '110.3054

purbin -




‘ Offshoré Gulf of Mexico ,

LDRILLCOST - In(30), + 51, LWELLSOFF, , + 62k*DEP'1Hm
* + 83,+TIME, + p,*LDRILLCOST, , - p,[in(®0),
+ 81 LWELLSOPF + zsz,‘*mapmlu | + 83,TIME,_]

- (40) - |

'Resixlts

Mapping of vanable names ﬁ'om the above equanon to the followmg SAS output .

Vanablc/Para
meter
 LDRILLCOST | LOILC | LGASC | LDOL
|meo | oo | Go | DO

88 | W.AL | WAL | WAL

i X . L L N L )
&2 | paL| paL| DAL
8 | TAL| TAL | TALL
o | ormo | crHO | DRHO |

Energy Information Administration/Oll and Gas Supply Module Documentation 3 ‘ E-17




LOWER 48 OFFSHORE DRILLING COST - GULF

MODEL Procedure’
SUR. Estxma&lon

Nonlinear SUR summary of Re51dual Errors

DF DF : ST R - . Durbin

Equation Model Error . ' SSE MSE  Root MSE “R-Square &dj R-Sq - Watson
LGASC 2. 9 0.16325 = 0.01814" 0.13468 0.7104 0.6782 2.282
LOILC , 2 -9 $.03517 . 0.0039083 0.06252 0.9271 0.9180 2.138

LDRYC - 2.9 0.09637 0.01071 0.10348 . 0.8714 0.8572 2.158

Nonlinear;SUR'Parameter Estimates

Approx. - e ApProx.

Parameter ‘Estimate std Err ° -Ratio Proh>|T| Label - _

- - 12.367200 ©0.75098 16.47 0 0001 CONSTANT - GAS
DO’ 12.243413 0.75156 . 16.29 0.0001 CONSTANT - DRY GAS N
00 : 12.203351 . 0.74653 16.35 - 0.0001. CONSTANT - oIL
D.ALL  0.000059431 6.00002514 - '2.36 . 0.0424 DEPTH. ]
W_ALL 0.421795 0.09320 4.53 0.0014 LAGGED LOG “TOTAL WELLS
T_ALL -0.042342 0.0065106 -6.50 0.0001 TIME TREND

. Number of Observations _ ..Statistics for System
. Used. -, i1 7 Objective - . 2.3169

Missing . . 0 Objective*N '25.4863

CE-18 ' - Energy Information AdmlnlstrétionlOll and Gas Supply Module Documentation.




Onshore Lease ‘Equipmeni 'Cbst"Equation_S‘ -

Lease equipment costs were hypothesized to be a function of total successful wells and a time trend that proxies
for the cumulative effect of technological advances on costs. The form of the equation was assumed to be log-
linear. The equations were estimated in log-linear form using Seemingly Unrelated Regression (SUR) technique
available in SAS. Where necessary, equations were estimated in generalized difference form to correct for first
-~ order serial correlation. The forms of the equations are: .- o e e '

‘Onshore Regions 2'»through 5

‘LLEQC,,, = In(€0),; + Zs:ln(ep)rifDUL@ + €l sLSUCWELL,,
| + €2,*TIME, + p,*LLEQC,,, - Py fin(e0),,
: 3 ) N . B -
B Z;M(eO),*’*DUMr + €l LISUCWELL,  , + €2,*TIME, |

@1

Re'sults
" Mapping of variable names from the above equation to the fqﬂoWing SAS outpﬁt
Vaﬁéble/Péré Oil | ~ Gas *-Dc§p~ -
- Ineter : - ) )
uEoC | romc | 1scas | LDGA
1 c SC_
'1n(eo)2_‘~ - o0 | sco- | pgo
ey, | 03 SG3 DG3
l! men, | o4 | ses | pos |
1w | os | ses | wmes | i
I a |l wo | wo | wo
¢ |1 | T | 710
o | ommo | scrm | DorH
, - 0 0
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'L48 ONSHORE LEASE EQUIPMENT COST DATA, REGIONS 2-5

MODEL Procedure
* SUR Estimation

‘Nonlinear SUR Summary of Residual Errors

DF  DF

© Equation Model Error

LSGASC.  5.667 70.33"
LOILC  4.667 71.33
LDGASC . .2.667 73.33

SSE

0.76706
0.17752
0.48731

+MSE

<

"'0.01091
0.0024886
0.0066451

Nonlinear SUR Parameter Estimates

Parameter Estimate -

s60 - - 9.721436
" SG3 -0.228770

sG4 -0.129545

ses 0.199034

_SGRHO “0.664950

00~ ' 10.277236 °
o4 10.281201

o5 . . 0.463313

ORHO 0.646574

DGO " 10.483673

_ DGRHO 0.698442

TO < -0.017028

. WO : 0.120358

Number of Observations
Used . 76
Missing -~ -0

‘Approx.

std Erx

'0.25249

0.07539

'0.07652
" 0.07672
'0.06405

0.26494
0.03897
0.03909
0.06129

.~ 0.25133

0.043872

0033965
0.02418 -

" Ratio

..38.50.

~3.03
-1.68

2.59
10.38
38.79

7.22

11.85

10.55
41,71
14.05

-5.01
4.98

"T' o

Durbin

'Root MSE R-Square Adj R-Sq Watson
©0.10443 0.8441 0.8337 1.953

0.04988 0.9571 0.9548 1.789
0.08152 0.6730 ~0.6656 2.485%5

approx. .
" Label

Prob>|T|

0.0001
0.0034
0.0966
0.0115
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001

Statistics for System

- Obje

ctive

2.8214

Objective*N ' 214.4283

CONSTANT - SHALLOW GAS
DUMMY REGION 3 - SHALLOW GAS
DUMMY REGION 4 - SHALLOW GAS

DUMMY REGION.5 - SHALLOW GAS

AUTOCORRELATION - SHALLOW GAS
CONSTANT - OIL

DUMMY REGION 4 .~ OIL

DUMMY REGION 5 - OIL
AUTOCORRELATION - OIL

.CONSTANT - DEEP GAS

AUTOCORRELATION - DEEP GAS
TIME TREND o
LAGGED SUCCESSFUL WELLS -



~ Onshore Regions 1 and 6 N
LLEQC,,, = In(e0),, +-m(€0)6x*DUM6 * elx*LSUCWELLL; R . e V‘ : Y] |
+ €2,«TIME, + p,<LLEQC,,, - A *fln(e0), R o S

+ ll'l(e())s_k=t<DUM6 + €:lkLSUCVVELLm’_2 + EZk*ML-x]' v :

“Results
Mapping of véﬁable:namesfrom the above ¢ uation to the following SAS output
‘Variable/l}’ara‘
meter
LLEQC | LOILC | LSGA
5 L SC
in€0), | 00 | SGO
n(e0), | 06 | SG6 J‘
a1 | wo | wo. “
e |10 | 1O “ |
p ORHO | SGRH “
— o
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i

.48 ONSHORE LEASE EQUIPMENT COST DATA, /REGIONS 1&6 . - BT = -

MODEL Procedure . ) . S o o
SUR Estimation : ‘ .

Nonlinear SUR Summary of Reéidual Errors

e DF DF v ‘ : Co _Durbin
Bquation . Model Error SSE- - - MSE Root ‘MSE' . R-Square adj R-Sq. Watson
LSGASC .-.4 34 - 033267 0.0097845 §.09892 ~~ 0.9108 - 0.9030 2.419
Loxre = 4 34 009134 - 0.0026864 - 0.05183 0,9617 - 0.9583~ 1.381
Nonlinear SUR'Parameﬁe;'Estimates - sy
. - ‘AppProx. ‘T Approx{
Parameter  Estimate std Err Ratio’ Prob>|T| Label
se0 - ' 5.973246 - 0.45707 - 21.82° . 0.0001 INTERCEPT - SHALLOW GAS
SG6 - . . 0.504009 0.11253 4.48 . .0.0001 DUMMY REGION € - SHALLOW GAS
SGRHO < 0.714153 0.08399 8.50. - 0.0001 AUTOCORRELATION - SHALLOW. GAS
o0 11.178442 0.47558 23.50 0.0001 INTERCEPT - OIL -
06 o 0.470496 0.06012 7.83 0.0001 DUMMY REGION 6 - OIL.
ORHO, 0.717743 0.09023 - 7.95%: 0.0001 AUTQCOI!RELATION - OIL
3 . TO -0.018528 . 0.0076118 . =2.43- 0.0203 TIME.TREND
! WO. - 0.021374 ~ 0.03987 0.54 0.5953 ~ LAGGED SUCCESSFUL WELLS
'Number)of Observations ' statistics for: System
Used ’ 38 Objective- S 1.7799

Missing 3 0 \ ijective*N 67.6376
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Onshore Operatmg Cost Equatlons

. Operating costs were hypothesmed to be a function of dnlhng, dcpth and a time trend that prox1es for the . -

. cumnulative effect of technological advances on costs. The form of the equation was assumed to be log-linear. The
equations were estimated in log-linear form using Seemmgly Unrelated RegresSxon (SUR) techmque avaxlable ‘
in SAS The forms of the equatlons are: o : ‘

"',:Onshore Reglons 2 through 5

LOEC,, = ln(¢0)2k Zm(qm) _k*DUM o1, *LSUCWELLK
+ ¢2k*DEPTH + $3,*TIME, + p,*LOPC,,,.,
- pyfin@0),y + Eln(q)O),_k*DUM + ¢1kLSUCWELLk
T ¢2k*DEPTH:xt a7t ¢'3 * z-x]

Results |

\ Ma' ing of vanable names from thc above equauon to the f;)]llowmg SAS output
' kVan‘ablc/Para, |
meter )
n(@0), \; _ 00 - sco. | pGo |
m@0), | 03 | so3 | b
m@o, | o4 | sGs _Do4
S R B ses | DGs
e wse | wse | wse |
- o | O o |
2o | o | su | oo N
"‘4;3 | tan TALL | TAL
o | orHO. sGrRH | DGRH
, o o
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148 ONSHORE OPERATING COST DATA, REGIONS. 2-5

’HQDEL Procedure
SUR Estimation

Nonlinear SﬂR‘Summary'of'Residual Errors

e . DF - DF

Equation . Model Error SSE

LScASC . 5.833 66.17  0.43560

LOTLC 5833 66.17 0.14784
0.41407

LDGASC '5.333 66.67

’

. N?nlinear SUR Parameter ‘Estimates

"ApproxX.

Parameter ' Estimate ’ “Std Err
- 8GO 8.777050 0.26775
sG3 --0.202353 .0:07997
sG4 -0.114140 0.06125

SGS ©-0.123381 0.06115
SGRHO ' .7 . 0.695104 0.06137
00 8.802819 = 0.2859%
03 -0.499312 0.05795
04 o -0.382850 . 0.08715
05 -0.10160° 0.05717
ORHO - 0.726669 ' 0.06864
DGO - 3;342671 0.41984

DG1 70..000010088 4.82678E-6' -
DG3 -0.251100 0.04557

. DGRHO 0.532580 - 0.08006"
W_SGO 0.129416 '0.02508
W_DG ©0.238847 0.04179%
0.0037069

T ALL -0.012881

flumber of Observations
. Used 72
 Missing - 0

.

E-24

-3.47

0.0009

statisti‘cs(for System
Objective :
Objective*N 192.25394

2.6703

Durbin

. MSE Root MSE R-Square Adj R-Sq- Watson
0.0065834 - 0.08114 0.8329. - 0.8207 2.272
0.0022343 . 0.04727 - 0.9626 0.9599 1:638
0.0062111 0.07881 0.8524 0.8428 2.335

> {
‘T Approx. ~
Ratio - Prob>|T} Label o
32.78 - 0.0001 - CONSTANT - SHALLOW GAS
- =2.53 - 0.0138 DUMMY REGION 3 ~ SHALLOW GAS

-1.86 0.0668 DUMMY REGION 4 -~ SHALLOW GAS

2.02 . 0.0477 '~ DUMMY REGION 5 -~ SHALLOW GAS
- 11.33 0.0001 AUTOCORRELATION - ‘SHALLOW. GAS

130.78 - 0.0001: CONSTANT - - OIL
-8.62 0.0001 DUMMY REGION 3 - OIL
-6.70 0.0001 DUMMY REGION 4 - OIL
.=1.78 0.0801 DUMMY REGION 5 - 0IL

© 10.59 0.0001 AUTOCCRRELATION - OIL
19.87 0.0001 - CONSTANT - DEEP GAS

S 2.09 0.0404 AVERAGE DEPTH - DEEP GAS.
~5.51 0:0001 - DUMMY REGION 3 - DEEP GAS'.

6.65 - 0.0001 AUTOCORRELATION - DEEP GAS
- 5.16. 0.0001 -LAG SUC. WELLS - SHALLOW GAS & OIL

'5.72 0.0001 LAG SUC. WELLS - DEEP GAS

TIME TREND

« N
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| _'Onshore-Reg’idn’sd and 6

In($0),, + ln(¢0)5_k*DUM GLALWELLSON,, B
* ¢2k*DEPTHr.k.t + $3,*TIME, + p*LOPC,, ., RN k (44)
= P¥ []n((w)l.k + m(¢0)s.k*DUMs o1, *LWEU-'SONm @ o ‘ ' o

* $2,-DEPTH,, + ¢3 +TIME, ,],,

:r,k.r .

: Results . v ‘
Mapping of vanable names from the above cquanon to the followm SAS output

Variable/Para

0il

Gas | on | cas -

| LDrRoLcOST

(90 ;: “ j oo | G0 DOO DGO i

Cn@0), L 06 | G6 ‘| pos . | DG - “

o1 | wor | woa | WOrR | WDR |

2 DALL | DLALL | D.ALL | DAL F

¢3 | TaL | TAL| TALL | TALL

o | ormO GRHO - DQRH{‘,. DGRH |
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L48 ONSHORE OPERATING COST DATA,‘ REGIONS .1&6

MODEL Procedure \
, SUR. Estimation ’

‘Nonlinear SUR Summary of Residual Errots

‘Durbin

o ' . . DF DF : . ' ' -
. Equation = Model Error SSE "MSE ~ Root MSE R-Square adj R-Sq Watson
LSGASC 3.5 34.5 0.34595 ~  ©0.01003 . 0.10014  0.8729  0.8636 2.037
LOILC. 3.5 34.5 0.33608 0.0097414. 0.09870 0.9214 0.9157  2.436 e
Nonlinear SUR Parameter Estimates
. o L Approx. L AT - Approx.
‘ .Parameter = Estimate std Exrr - Ratio Prob>|T| " Label ’
SGO - . 7.492457  0.38254 19.59° . 0.0001 CONSTANT - SHALLOW GAS
. SG6 - 0.457907 ,0.04108 11.15 0.0001 DUMMY REGION 6 - SHALLOW GAS.
SGRHO 0.208539 0.15749 ©.1.32 . 0.1%43. AUTOCORRELATION - SHALLOW GAS
o0 7.642764 .0.41409 18.46. 0.0001 = CONSTANT - OIL
06 0.627746 0 0:11453 ©-5.48 0.0001 DUMMY REGION 6 - OIL ,
- ORHO 0.708934 7 0.10370 6.84 0.0001 - AUTOCORRELATION - OIL
- W_ALL - 0.17»6752( 0.04126 4.28 0.0001 LAGGED SUCCESSFUL WELLS
Number of Observations . . Statistics for System
- Used o 38 Objective - 1.8152

Missing o 0 Objective*N, 68.9779
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- p*(BO, + p1,DCE, + §2,xDUMS3,_)

and 2 dummy variable 10 control for Canadian oil and gas policy changes o the
. WELLSM = ‘301( + ﬁlk*DCFk,‘ + BZk*DUM83‘ + p‘*WEILSM.__; ) . §

'V"'Canad'ifan-Success,fdl Oil and Gas Wells EquatiOné |

A successful oil wells eq jonand a suc’:oe;esfulv gas wells equation &crc estimated in generalizeg di
’ : on of th

using SURE. Successful ol (gas) wells were estimated as a functi ¢ expected DCF

fference form
; for an oil (gas) well
early to mid 1980's. ‘

@

‘where,
. WELLS _° successful Canadian Wc{i'cOmpleﬁOns:
. DCF = discounted cash flow for a well:
DUMSB3 =". 11if t.>1982,0'othcrwise
go,p1,82 = - economctrically estimated parameters
P = autocorrelation parameter
g = fueltype
t = year.~
“Results
Parameter ‘ oL GAS
. | a0 1829.02°
: _ ' ' (1.33979) ‘ (2.\94956,)"
Bt 0.170973E-02 o3meE2 |
- : L (4.18866) (3.23435) o 5
2 949572 e
' (2.05196) . (-3.06764) - o
o ) 0298608 0726749 " J
' ] (1.41467) - (4.50509) :

NUMBER OF OBSERVATIONS =20

Depcnderit variable: WELLS (oil)

Mean of dependent variable = 2235.30
Std. dev. of dependent var. = 1467.19
Sum of squared residuals = 976854E+07
" Variance of residuals - = 488427. ‘
Std. error of regression = 698.876 -
- R-squared = 764132
= 2.10944

: Durbm-WatSOn statistic

Dependent variable: ,WELLS (g‘as)b

Standard Ervors computeci from quadratic form of anatytic first derivatives (Gauss) -

Energy lniérm’atlon Admlnlstratlonlon and Gas Supply Module Dpcumentatlon )
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Mean of dependent variable

235375

Std. dev. of dependent var. = 958.064 . -
- Sum of squared residuals = .391239E+07
. Variance of residuals =  195619.
* Std. emror of regression = - 442.289
 'R-squared = .789470
= 195590 -

Durbin-Watson statistic

Price Elasticities of Short Flun;Sup"plyt N

As noted in chapter 4, the PMM and NGTDM calculate production levels through the use of short-run supply .-
" functions that require estimates of the price elasticities of supply. One option is to employ the price elasticity

estimates that are passed from the OGSM to the PMM and NGTDM. The section below documents the

estimation of these elasticities. ’ S ' e o ‘

- ‘Onshore Lower 48 States
oil | |
Price elasticities were estimated hsing the AR1 tcchnicjtie in TSP which corrects for serial correlation using the .

- maximum likelihood iterative technique of Beach and MacKinnon (1978). Equaﬁonsffo‘r onshore regions 1 and
6 were estimated separately due to the regions' unique characteristics. The functional form is given by:

LCRUDE, - 20+ al*LOILRES, + a2+LPOIL, + p+LCRUDE, ,
‘ - p*(a0 + al*LOILRES,  + a2+LPOLL,.,)
- where,
LCRUDE = natural log of crude oil production ,
LOILRES = natural log of beginning of year oil reserves -
LPOIL - = natural log of the regional wellhead price of oil in 1987 dollars
p = autocorrelation parameter . - . .
- t. = year. D :
" Region 1 : ~
Results
Variable Estimated Sendard Error | - tstatistic “
’ Coefficient |- ‘ ‘ ' :
a0 | -977125 680644 -1.43559 “
| LOILRES 814563 114311 7.12584
LPOIL 08385 040682 2.06115
p 334416 . 297765 ©1.12309 JJ

~ SAMPLE: 1978 to 1990

E-28:
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NUMBER OF OBSERVATIONS =13

7 Dependcnt vanable LCRUDE ,
/(Statistics based on transformed data)

Mean of dependent vanable = 3.03941
Std. dev.of dependent var. © = 365187
Sum of squared residuals = 015765
. Variance of residuals = .157651E-02
Std. efror of regression . = 039705
’ . R-squared ‘= 990477
AdJustcd R-squared = 988573
Durbin-Watson statistic = 158775
“F-statistic (zero slopes) = 502.556
Log of likelihood funct10n = ,«‘25 1414
~ (Statistics based on original data)
Mean of dependent variable = - 4.43559
* Std. dev. of dependentvar. = .142410
-Sum of squared residuals = 015832
Variance of residuals = .158323E-02 -
Std. error of regression = = .039790
R-squared = .936035
Adjusted R-squared =  .923242
‘Durbin-Watson statistic: = 1.57879
Re’gion 6
Results
Variable : Estmated Standard Error | t-statistic
Cocfﬁmcnt N ; ' : s
S 6.69155 2.14661 3.11727
LOILRES -123763 255535 484329
_LPOIL_ 031845 038040 837163
o 833915 135664 | 614691

'SAMPLE 1978 to 1990 -
' NUMBER OF OBSERVATIONS 13

~ Dependent vanable LCRUDE
' (Statistics based on transformed data)

' Mean of dependent variable
Std. dev. of dependent var.

_ Sum of squared residuals

" Variance of residuals

- Std. error of regression

R-squared.

LTI T T T

605103 N
013218
036356
997230

1.13005 .+ -

.132176E-02
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Adjusted R-squared 996676

Durbin-Watson statistic = = .896816
F-statistic (zero slopes) = 1657.10
- Log of likelihood function = = 257519
(Statistics based on original data)
Mean of dependent variable = -~ 5.78242 = .
. Std. dev. of dependent var. = .061666
- Sum of squared residuals = 014455
Variance of residuals -~ =  .144552E-02 -
Std. error of regression = .038020
. R-squared = .707387 -
Ad]usted R-squared = .648864
Durbm—Watson stausuc = '.892422 ’

‘ For onshorc regions 2 through 5, the data were pooled and regional dummy vanablcs were used to allow the
- estimated production elasucuy to vary across the regxons Region 2 is taken as the base region. The form of the
equation 1s gwen by -

LCRUDE, = a0 + a1+LOILRES, + 22+LPOIL, + s3=LPDUMS, + 4 -LPDUM - ,
25+LPDUMS_ + psLCRUDE,, - p*(0 + al«LOILRES_, + (75.2)
22+LPOIL,, + a3+LPDUM3,_, + a4+LPDUM4,, + SLPDUM: . o

where,
LPDUMr = DUMr*LPOIL ‘
DUMr = adummy variable that equals 1 if rcg,lon—r and 0 otherwise
-1 = onshore regions 2 through 5 *
p = autocorrelation parameter
ot = year.
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| Regions 2 throﬁgh 5

Results
| “ Varible - Esﬁz;;a;ed‘ | Standard Error B t—s.tatiAsvtic o “
N Coefficient i B S o ' 1
0 138487 | ese290 | 21w “
‘r.'LOH;RES B B R Comsm | 705360 |
| o | 105051 | emen | 3210
LPDUME o1 | 034067 | 226660
LPDUME ¢ -/.028‘657 | osa3s 835047
‘PDUMS | -oszor om0 ;:-2.'"7\3387.
o | seoz 080470 | omsm

SAMPLE 1978 to 1990
- NUMBER OF OBSERVATIONS 52

 Dependent vanablc LCRUDE
. (Statistics based on transformed data)

Mean of dependent varisble = 936528 , \ o
- Std. dev. of dependent var. = 612526 o . o j
Sum of squared residuals = 109259 R S
Variance of residuals =~ = .237519E-02
Std. error of regression - = ..048736
R-squared = 994731
” Adjusted R-squared - = .994159
Durbin-Watson statisic = 142150
E-statistic (zero slopes) =  1602.00
Log of likelihood funcuon = &3 7253
(Staumcs based on ongmal data) y
Mean of dependent variable . = = 5.93153
Std. dev. of dependent var. = 428916
* Sum of squarcd residuals = .110274 .
Variance of residuals =  .239725E-02
Std. error of regression = -.048962
R-squared .= 988524
Adjustcd R-squared = 987277
= 140740

- Durbin-Watson statistic
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- The wimated coefficient on LPOIL is the price elasticity of crude oil p;od_glction for region 2. "_I‘he elasticity for
regionr (r=34,5) is obtained by adding the coefficient on LPDUM to the coefficient on LPOIL.

Dry Non-Associated Natural Gas |
The .data for opshdie regions 1 through 6 were pool and a éixxgle regression cquation éstimated with dummy
variables used to allow the slope coefficients to vary across regions. Region 1 was taken as the base region. The
equation was &sumated using the non-linear two stage least squares procedure in TSP. The form of the equation -
is given by: ' - - : T T S

LPROD = A0 + (Al +3" ArsDUM)*LGASRES + @1+ Br«DUMY) *

s : (15.3)
LPGAS + C+DEDSHR | :

~ where,

LPROD = naturallog of natural gas production 7
‘LGASRES = natural log of beginning of year natural gas reserves S
LPGAS = natural log of the regional wellhead price of natural gas in 1987 doliars
DEDSHR . = = natural log of the share of natural gas production that is accounted for by pipeline -
' ; - saleé(included‘ to capture the effect of open access on production) .
DUMr = dummy variable that equals 1 if region:=r.and 0 otherwise
r = -

onshore regions 2 through 6.
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Results

Vaidble | Estimaed - | StndadBmor | statistic J o
_ ; Coefficient o ‘ L r o
lLao | 30203 346358 | 872044 4\ .
At | oeors | sos0 66213 |
N - 067699 | 016754 YT :
| R T orso | osasa | o
“ ae | ooewes | o0 | 341733
“ A 4S0603E-02 | 016987 _ | 2es262 T
o A6 | 041330 | 054670 | sesmm
g e | sse | 326050 | 260668
| “ B2 | .ssee0s | 331077 ] aammes
“ B3 - | -e45308 306376 | 21062
e | mmes | smmm | s
BS | e 265693 | 276208
B | -asssas _ AT71104 | soomny
Lc 1 o3 ome | sem

© SAMPLE: 19851t01990 -
NUMBER OF OBSERVATIONS = 36

Depcndent;vaxi‘able: LPROD o
137972

‘Mean of dependent variable. =
Std. dev. of dependent var. = 1 08967
Sum of squared residuals = 089311
Variance of residuals = A405960E-02
Std. error of regression = 063715 -
g R-squared = 997851
* Adjusted R-squared = 996581 -

' Durbin-Watson statistic - = 242140~

The price e,,lasticity‘ 6‘f natural gas production for onshore rcgion 1 is given by the estimated parameter B1. The

price elasticity for any other onshore region r (r = 2 through 6) is derived by adding the estimate for Br to the
valeof B1. . B . R
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Offshore Gulf of Mexico

Oil

Price clashcmes were estlmated usmg OLS The functlonal form is given by

‘ LCRUDE a0 + al*LOlLRES + a2*LPOIL + a3*LCRUDE( l) +

a4+DUM
whére!
LCRUDE = natural log of crude oil ’productioﬁ ‘
o LOILRES =  natural log of beginning of year oil reserves
~ LPOLIL ‘=" patural log of the regional wellhead price of oil in 1987 dollars
LCRUDE(-I) = natural log of crude oil producuon in the previous ycar '
’ DUM = adummy vanable that equals 1 for years after 1986 and 0 otherwise.
Results
" Variable ' Estimated- ~ Standard Error t-statistic
. _Coefficient : L
a0 648638 2.65947 243807 .
| LOLRES 821851 313405 262233 jg
: “ - LPOIL 115556 051365 1224969 ‘
“ _LCRUDE(-1) 974244 1137890 7.06538
“ DUM 079112 045683 1731750

SAMPLE: 1978 to 1991 -
' NUMBER OF OBSERVATIONS = 14

Dependent vanable LCRUDE

Mean of dependent vanable
. Std dev. of dependent var.

* Sum of squared residuals

Variance of residuals
Std. error of regression
" R-squared

Adjustcd R-squared

Durbm-Watson statistic

’ Durbin's h
Durbm s h alternative

. F-statistic (zero slopes)
Schwarz Bayes. Info. Crit.

Log of likelihood function -
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5.65758 .
106897
021640

.240446E-02 -

049035
854325

- 789581.
147269
1.04017
725714
13.1954
-5.52974
25.4407

‘ (754)



Pacific Offshore
oil

Price elasncrues were estrmated usmg the AR1 procedure in 2 TSP whlch corrects for ﬁrst order senal
correlation usmg a maximum likelihood 1terat1ve techmque The regressron equation is grven by

LCRUDE, = 20 + a1 <LOILRES, « 2+LPOIL, + + p*LCRUDE, ; - _ PR o (155)
p*(ao + al*LDlLRES” + az*LPOIL,_I) o ' T AR

where,
LCRUDE = natural log of crude oil productron :
LOILRES = - natural log of beginning of year crude oil reserves
LPOIL = natural log of the regional wellhead price of crude oil'in 1987 dollars
p = antocorrelamn paramener
ot = year. . .- . S
i Results -
‘Variable - ,Esrimated : : e ) Standard Error , ; t-statistic ‘
o 3 Coefficient _ ‘ ‘ .
0 | useses | aasms 3.02995
LOMRES | 310216 | 067090 . - | 462390
LPOIL - | .181190 | 067391 | 2.68865
p | sss962 320266 -1.11146

- \SAMPLE 1977 10 1991
NUMBER OF OBSERVATIONS 15

Dependent vanable LCRUDE
(Statistics based on transformed data) -
5.31728

r

Mean of dependent variable = L
© Std. dev. of dependent var. =  .646106 -
Sum of squared residuals = = .209786
" Variance of residuals = 017482
Std. error of regression’ = 132220,
: R—squared = 971382
Adjusted R-squared =~ .966613
. Durbin-Watson statistic = .1.61085
F-statistic (zero slopes) = ~161.152° ‘
; = 106711

Log of likelihood function -

. (Statistics based on eriginal data)
Mean of dependent variable = 4.001 171
Std dev of dependent var. = 231415 -
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Sum of squared residuals = 220359

Variance of residuals = 018363
Std. error of regression . = - .135511 '
R-squared = .711359

Adjusted R-squared = . .663252.

‘Durbin-Watson statistic © = 1.61258 -

Assoclated Dlssolved Gas Equatlons

Assoaated dissolved gas producnon was hypothesized to be a function of crude oil production. The form of the
* equation was assumeéd to be log-linear. The equations were estimated in log-linear form using ordmary least
squares (OLS) technique available in TSP. The forms of the equauons are : :

LADGAS,_‘ - In(0), + m(al)-_r»«rDUMgslg (;so,‘ +B;,*DQM86‘)*LORPRC)D,.l R a8

Results

- Onshore Region L
**********f*******

_ Method of estimation = Ordinary';Least Squares
‘Dependent variable: LAJ;:GAS ‘
Current sample: - 11 to 24
‘»Number of observatlons 14 .

5. 12499

Mean of dependent varlable =
std. dev. of dependent var. = .164729
Sum of squared residuals = .038353 .
Variance of residuals = .319609E-02
- Std. error of regre551on/=‘.056534‘
R-squared = ..891278.
_Adjusted R-squared = .882218 "
Durbin-Watson statistic = 1.75215 .
- F-statistic (zero slopes) = 98.3730
Schwarz Bayes. Info. Crit. = -5. 52297
Log of likelihood functlon =.21. 4347
L % Estlmated ‘ Standard ' :
‘variable Coefficient: - Error ~t-statistic-
1In(c0) 2.07491 - .307892 .7 6.73908
RO .701885 7 070766 : '9.91832
. . . OBS S REGION : YEAR -
11 o 11.00000 -~ .1.00000 '1980.00000

24 24.00000 1.00000  1993.00000
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“oOnshore Region 2
**'****************
: Method of estimation = Ordinary Least,Squares :

Dependent varlable LADGAS
Current sample: 35 to 48
Number of" observatlons 14

Mean of dependent var1ab1ex= 6 49697
Std. dev. of dependent var. = ..266043
Sum of squared - residuals = .048056
variance of residuals = .400467E-02
std. error of regression =-.063282 -
R-squared = .947773
Adjusted R-squared = .943420
_ Durbin-Watson statistic = 1.22587.
F-statistic (zero slopes) = 217.764
Schwarz Bayes. Info: Crit. = -5.29744
Log of llkellhood functlon’;

19.8560

t Estimated ‘Standard , ; .
' Varlable_'Coefficient ©  Error - t-statistic

" - 1n(a0) -3.07832 .649092 . -4.74250

g0 1.56944° - .106353 14;7568

SN oBS .~ REGION = - YEAR
©o35 .. . . 35.00000 ©2.00000. 1980 00000

48 5 48.00000 2.00000 1993.00000

Onshore Region 3
******************

'Method of‘estimation'= Ordlnary Least Squares'
'Dependent varlable LADGAS
Current sample: 65 to 72
umber of observatlons , 8

5.92117. -

Mean of dependent varlable = 211
‘std. dev. of dependent var. = 188982
Sum of squared. re51duals = 013619 _
Variance of residuals = .226982E-02
Std error of regression = .047643
~ R-sguared = .945524'
_ Adjusted R- squaredV;- 936445
Durbin-Watson statistic = 2.19391
F-statistic- (zero slopes),=,104.l41‘ B
Schwarz Bayes. Tnfo. Crit. = -5.85588
Log of llkellhood functlon = 14 1514

’ o ‘ Estlmated . Standard R ,
Variable - Coefficient Error t t-statistic

1n(a0) 21:65468 - .742561 - -2.22834
B0, 1.42210 -~ .139354 10.2050
oBs - REGION _YEAR

65 65.00000 3.00000  1986.00000
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T2 72.00000 3;00000 ©11993.00000

Onshore Reglon 4
******************

Method of estlmatlon = Ordinary~Least Squates

Dependent varlable LADGAS
Current sample: 82 to 96
Number of observations: 15

‘Mean of dependent variable = 6.51049

.std. dev. of dependent var. = .080768
~ Sum of squared residuals = .065307 :
Variance of residuals = .502359E-02
Std. error of regression =..070877 ’
. R-squared = .284921
) Adjusted R-sguared = -.229915"
".Durbin-Watson statistic = 1.28517
F-statistic (zéero slopes) = 5.17980
Schwarz BRayes..Info. Crit. = -5.07564
Log of llkellhOOd function = 19.4913
Estimated ' Standard .
Variable Coefficient - Error " t-statistic
1In(a0) 4.49271 886765 - 5.06640 -
g0 .315372 - 138569 ©2.27592
. - . ¥ 0OBS v REGION S . YEAR
82 82.00000 - - 4.00000 . 1879.00000

96 RN 96.00000 ° - 4.00000 . 1993.00000

Onshore Region 5
N Y T 2 2 L X

Method of estlmatlon =\O;dinarylLeaSt:Squares'
,Dependent variable: LADGAS.
Current sample: 107 to 120'.
Number of . observatlons 4

5.49207

Meann of dependent variable =
Std. dev. of dependent var. = .176267
- Sum of sqguared residuals = .169883
_ Variance of residuals = .014157
. Std. error of regression = 118983
o R-squared = .579402
v Adjusted R-squared = 544352 . .
Durbin-Watson ‘statistic = 1.15658 - v
F-statistic (zero slopes) = 16.5308 ‘
Schwarz Bayes. -Info. Crit. = -4. 03469
Log of likelihood function = 11.0168
. Estimated . - Standard _ o
Variable Coefficient: Error t-statistic
‘In(a0) . 5.34284 . .048562 . '110.021 .

Bl . ~.047917 -~ .011785 . . 4.06581"
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: ' ~  OBS . . REGION., - ~YEAR
107 107.00000 5.00000 ~1980.00000 -
120 . 120.00000 ~ 5.00000  1993.00000

Onshore Reglon 6.
******************

Method of;estimation = Ordlnary Least Squares
Dependent varlable " LADGAS -

Current sample: 131 to 144
;Number of observatlons 14

. Mean of dependent varlable =
. Std. dev. of dependent var. = r126146 . : e
- Sum of squared residuals = . 030218 - - o R RN
Variance of residuals = .302183E-02 S ' AR
‘std. error of regression = .054971
.~ R-squared = .B853924
e Adjusted R—squared = .810102
Durbin-Watson- statistic = 1.16621
F-statistic (zero. slopes) = 19.4859
~.Schwarz Bayes. info. Crit. = -5.38435
Log of 11ke11hood functlon =23.1034 :
- Estimated , Standard L : . s : 0
Variable Coefficient " Error ) g-statistic : .
1In(a0) -12.1971 - 2.95896 . -4.12210 R
- 1ntal) - 10,7230 3.27845 : 3.27075 .
RO .2.9%621 . - .508887 . 5.88778
gl ‘ -1.83291 : .565439 -3.24157
AR . OBS ~_ 'REGION . YEAR
131 - 131.00000 - - 6.00000 .-1980.00000"

"144 - °144.00000 : 6ﬁ00000’,f,i993.00000

Offshore California
*******************

Method of estimation = Ordinary LeaStnSquares;,

~Dependent varlable LADGAS
Current sample: 146 to 157
" Number of observatlons 12 -

Mean of dependent'varlable,= 3.46459
std. dev. of dependent var. = .235388 :
Sum of squared residuals = .130029 -
Variance of residuals = .016254
std. error of regression = ,127490
R-squared = .786657
Adjusted R- squared = .706654
Durbin-Watson statistic = 1. 46033
F-statistic (zero slopés) = 9.83279
Schwarz Bayes. Info. Crit. = -3. 69661
- Log of llkellhOOd functlon =:10. 1222
v Estimated Standard S
' Variable Coeffioient Error - t-statistic
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In(a0) —42.114é . 14.1531 -2.97566

n(al)  43.1508 ' 14.3122 3.01497
BO . 10.7112  3.34207 - 3.20497
BL . -10.0929  3.38203 -2.98428

o OBS .  REGION YEAR
146 146.00000  7.00000 - 1982.00000

157 . - © 157.00000 - 7.00000  1993.00000

Offshore Gulf of Mexico

******************_,*****

‘Method of estlmatlon = Ordina:y{Least Squeres

Dependent variable: LADGAS
Current sample: 159 to 170
Number of observations: 12

Mean of dependent variable 6.38670

©.8td. dev. of ‘dependent var. = .092892
. Sum of squared residuals =..026872 -
Variance of residuals = .298574E-02 | S
Std. error of regression = .054642 L oy
‘R-squared = .721601 - '
) ; Adjusted R-squared =:.659735
Durbin-Watson statistic = 2.45155
F-statistic (zero slopes) = 11.3951
Schwarz Bayes. Info. Crit. = -5.48036

Log of likelihood functionm 19.5823

s - Estimated Standard -
" Variable Coefficient Error c‘t-statistic

In(al) . 4.21386 . 1.49771 2.81354

80 ©1.07834 .466028E-02  231.391

B1 ~.697473 . .258646 -2.69663
. .. " 0oBS _  REGION . YEAR
159 "’ 159.00000 8.00000 1982.00000

170 o ~170.00000 o 8.00000 . 1993.00000
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