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For Further Information...

The Natural Gas Transmission- and Distribution Model (NGTDM) of the National Energy Modeling System is
" developed and maintained by the Energy Information Administration (EIA), Office of Integrated Analysis and
Forecasting, General questions concerning the NGTDM may be addressed to James S. Diemer (202/586-6126),
Natural Gas Transmission and Distribution Project Leader. Documentation questions should be addressed to Phyllis
Martin (202/586-9592). - _ ' : ) . .

Detailed qﬁesﬁdné on the various components of the NG,TDM may be addressed to the following EIA analysts:

- Annual Flow Module © . . Joseph G. Benneche (202/586-6132)

" Distributor Tariff Module . . . James S. Diemer (202/586-6126)

o . Pipeline. Tariff Module ' -James S. Diemer (202/586-6126)
- Capacity Expansion Module - Joseph G. Benneche (202/586-6132)
« Data Inputs . _ Chetha Phang (202/586-4821) .
., Solution Methodology ST Joseph G. Benneche (202/586-6132)

“This repoﬁ documents ttie.a’r,chivéd version of the NGTDM -that was used to produce the natural gas forecasts
-'presented in the Annual Energy Ouilook 1995, (DOE/EIA-0383(95)). The purpose of this report is to provide.a

reference document for. model anialysts, users, and the public that defines the objectives of the model, describes its

basic approach, and provides detail on the methodology employed. This report represents Volume I of a two-volume
set. Volume II reports on.model performance, detailing convergence criteria and properties, results of sensitivity

testing, comparison of model o;'nputs with the literature and/or other model results, and major unresolved issues. -

“The model documentation is-updated annually to reflect éigﬁiﬁwm :model' methc_)dology .and software changes that
take place as the model develops. “The next version of the documentation is planned to be released in the first quarter
- of 1996. . T e : . o )
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1. Introduo_tion

t

The Natural Gas Transmission and Distribution Model (NGTDM) is the component of the National Energy Modeling
System (NEMS) that is used to represent the domestic natural gas transmission and distribution system. NEMS was
.developed in the Office of Integrated Analysis and Forecasting of the Energy Information Administration (EIA).
NEMS is the third in a series of computer-based, nndterm energy modeling systems used since 1974 by the EIA and
its predecessor, the Federal Energy Administration, to analyze' domestic energy-economy markets and develop
projections. From 1982 through 1993, the Intermediate Future Forecasting System (IFFS) was used by the EIA for
its analyses, and the Gas Analysis Modeling System (GAMS) was used within IFFS to represent natural gas markets.

" Prior to 1982, the Midterm Energy Forecasting. System (MEFS), also referred ‘to as the Project Independence :

Evaluauon System (PIES), was employed.

NEMS was developed to enhance and update EIA’s modelmg wpabxhty by.internally incorporating models of energy
markets that had previously been analyzed-off-line. In addition, greater structural detail in NEMS permits the
analys:s of a broader range of energy issues. The time horizon of NEMS is the midterm period, approximately 20 .
years in the future.! In.otder to represent the regional differences in energy markets, the component models of
NEMS function at regional levels appropriate for the markets represented, with subsequent aggregation/disaggregation
to the Census Division level for reporting pmposes

_The projections in NEMS are developed using a maﬂcet-based approach® to energy analysm, as had the earlier
‘models. For each fuel and consuming “sector, NEMS balances energy supply and demand, accounting for the.
'economic competition between the various fuels and sources. NEMS is organized and implemented as a modular
. system.? The NEMS models represent each of the fuel supply markets, conversion sectors, and end-use consumption
sectors of the energy system. 'NEMS also includes macroeconomic and international models. The primary flows
ofinformation between each of these models are the delivered prices of energy to the end user and the quantities
consumed by product, Census Division, and end-use sector. The delivered prices of fuel encompass all the activities
necessary to produce (or import), and transport fuels to the end user. The information flows also include other data
such as economic activity, domestic prodiction activity, and international petroleum supply availability.

An integrating routine controls the execution of each of the component models. The modular design provides the-
capability to execute models mdmdually, ‘thus allowing independent ‘analysis ‘with, as well as development of,
individual models. This modulanty allows the use of the methodology and level of detail most appropriate for each
energy sector. NEMS solves by iteratively calling each model in sequence. until the delivered prices and quantities
of each fuel in each region have converged within tolerance both within individual models and between the various
models; thus achieving an economic equilibrium of. supply and demand in the consuming sectors. Model solutions
are reported annually through the midterm horizon. .A schematic of the NEMS is provxded in Fxgure 1-1, while a .
list of the associated model documentation reports is in' Appendrx C.

. The NGTDM is the model wnhm the NEMS that represents the transmission, distribution, and pricing of natural gas.

The model also includes representations of the end-use demand for natural gas, the production of domestic natural
gas, and the avaxlablhty of natural gas traded on the international market based on information received from other
"NEMS models. The NGTDM determines the flow of natural gas in an aggregate, domestic pipeline network,
connecting domestic and foreign supply regions with 12 demand regions. The methodology employed allows the
analysis of impacts of regional capacity constraints in the interstate natural gas pipeline network and the identification
of primary pipeline capacity expansion requirements. There is an explicit representation of core and noncore markets .

L

For the Annual Energy Outlook 1995 the NEMS was executed for each year from 1990 through 2010.
*The central theme of a market-based approach is that supply and demand imbalances will evemua]ly be rectified thxough an
adjustment in pnces that eliminates €xcess supply or demang.

3The NEMS is composed of 13 models and a system integration routine. These components are frequendy referred to as
*modules” in other NEMS related pubhcanons, however, in this publication they will all be referred to as "models.” Footnotes
will be added when the formal name is different from the referenced name. The components of the NGTDM will be referred

to as "modules.”

.EIA/Model Documentation:” Natural Gas Transmission and Distribution Model Volume ! 141




Macroeconomic | - International

Activity
" Model M{Jd,‘el ’

Energy Activity

;
I t - -
. . - Integrating )
o . Routine :
_ .

A N . 7 ., ‘

ot N ’ ~ " .
~ - . - ~ ’
. . - - . R ‘_ \,’.‘ N ..

. 7-- _'. N » » . )

i hd '.. * .. * - - v N T

[ o . co T . -
. -~ , - . ~. ’ N " -~ v
" . ’ ) s - - .
v ~ L.
i . N N - ) ’
- . Y "
- . . - * > N
. | . ." . ’; “ -
N . -, - .. . - . . : .
. ) N . > - i
. . . z

o ,

- a2
RN ]

‘ ; EIAquél Documenta

.
oL e
. '
T

tion: Natural Gas Tragsl;liulpn and Distribution Model Volume | °



for natural gas transmission and distribution services, and the key components of pipeline tariffs are represented in _
a pricing algorithm. Natural gas pricing and flow patterns are derived by obtaining a market equilibrium across the
three main elements of the natural gas market: the supply element, the demand element, and the transmission and
distribution network that links them. The NGTDM consists of four modules: the Annual Flow Module, the Capacity

" Expansion Module, the Plpelme Tariff Module, and the Distributor Tariff Module.- A model abstract is provided in
' Appendix A,

This report documents-the archived version of the NGTDM that was used to produce the natural gas forecasts used
in support of the Annual Energy Outlook 1995, DOE/EIA-0383(95). The purpose of this report is to provide a
reference document for model analysts, users, and the public that defines the objectives of the model, describes its
basic design, provides detail on the methodology employed, and describes the model inputs, outputs, and .key

I assumptions. It is intended to fulfill the legal obligation of the EIA to provide adequate documentation i in support

of its models (Public Law 94-385, Secuon 57.b.2). -

'Thts Teport represents Volume 1 ‘of a two-volume set. Volume I reports on model performance, detallmg

convergence criteria and properties, results of sensitivity testing, comparison:of model outputs-with-the literature
and/or, other model results, and major mresolved issues. Subsequent chapters of this report provide:
:; .An overview-of the NGTDM (Chapter. 2) ‘ ‘

~

5 A description of the inteiface 'between the NEMS 4nd the NGTDM (Chapter 3)
X An overvrew of the solutron methodology of the NGTDM (Chapter 4)
e R 'I'he Solutlon methodology for theé Annual Flow Module (Chapter 5) .
. ,The solution methodology for the Distributor Tariff Module (Chapter 6)
"« The solution methodology for the Capacxty Bxpansxon Module (Chapter 7 .
. The solution methodology for the Prpelme Tariff Module (Chapter 8
* A descnptron of model assumptmns, mputs, and outputs (Chapter 9).

The archxved version of the model is available from the Natronal Energy Informauon Center (NEIC) and is identified
as NEMS95 (part of the.National _Energy’ Modehng System archtve package as archived for the Annual Energy
Outlook 1995, DOEIEIA-0383(95))

The document mcludes extensrve appendrces to support the material presented in the main body of the report.
Appendix A presents the model abstract. Appendix B lists the major references used in developmg the NGTDM.
Appendix C- lists the various NEMS Model Documentauon Reports that are ctted throughout the NGTDM
documentation. Appendix E provides tables of variable names, definitions, and sources for all the historical data used
in the model. Appendix F provides tables of variable names, definitions, and sources for all major mode] parameters
and assumptions, Appendix G documents the derivation of all empirical estimations used in the NGTDM. A
variable cross reference tables is provided in Appendix H. A mapping of equations-presented in the documentation
to the relevant subroutine in the code is provided in Appendix 1. Appendix J presents an extensive list defining the
model variables., Lastly, Appendrx K -documents the switches that have been built into the model to conduct
automated sensmvrty analysis. . .




2. Overview

- The purpose of this chapter is to provide a brief overview of the Natural Gas Transmission and Distribution Model
(NGTDM) and its capabxhnes The NGTDM is the component of the National Energy Modeling System (NEMS)
that represents the mid-term natural gas market. - The NGTDM models the Lower 48 States U.S. natural gas

- transmission and distribution network that links the suppliers (including importers) and consumers of natural gas,

determining the regional market clearing natural gas end-use and supply (including border) prices. The demand

regions modeled are the 12 NGTDM regions (Figure 2-1). These regions are based on the 9 Census Divisions, with

- Census Division 5 split into South Atlantic and Florida, Census Division 8 split into Mountain and Arizona/New
. Mexico, Census Division 9 split into California and Pacific, and Alaska and Hawaii handled independently.

- Forecasts are reported annuaily through 2010 for natural gas end-use prices in the resxdenual commercial, mdustnal
electric generation, and transportation sectors.

The model structure consists of four major components. The Annual Plow Module (AFM) is the i mtegratmg module
of the NGTDM. ‘1t simulates the natural gas price determination progess by bringing together all major economic
and technological factors that influence regional natural gas-trade in the United States. The Capacity Expansion
Module (CEM) foretasts the development of new natural gas pipeline and storage facilities and sets maximum annual
utilization rates based on a seasonal analysis of supply capabilities and demand requirements. The Pipeline Tariff
Module (PTM) represents the development of firm/interruptible tariffs for transportation and storage services provided
"by interstate pipeline companies. The sttnbutor Tariff Module (DTM) represents the development of markups for
. distribution services provided by local distribution companies and for transmission services provided by intrastate
pipeline companies. The modeling techmques employed are linear programs. for the AFM and the CEM, an
accounting algonthm for the PTM, and an empmeal process based on historical data-and competmg fuel prices for
the DTM D . ;

“The. NGTDM provxdes a number of key modelmg mpabxlmes that were not available i m its predecessor model the
-Gas Analysis Modeling System (GAMS) These capablhues give the NGTDM the abﬂxty to: i

- Reptesent mterreglonal flows of gas and pipeline capacny constramts
* Represent regional supphes
‘» ~ Represent different types of transmission service (firm and interruptible) -

-

«  Calculite emissions associated with-pipeline fuel use

. Detemiine the amount and the foéation of additional pipeline and storage facilities on a regional ba'sis.

¢ Capture the CCOI]OIDJC tradeoffs between p:pelme capac1ty additions and i Increases in reglonal storage
capabﬂny ' .

. Provxde 2 peak/off peak, or seasonal analys:s capabxhty in the area of capacuy expansmn :
¢ * Quantify capxtal investment in capacny expansmn ; " o
o - Dlsunguxsh cuslomers by cateoory (core and’ noncore) in end-use sectors.

These: capabllmes wxll be described in greater detaxl in lhe subsequent chapters of this report whxch describe the
individual modules of the NGTDM. . : ‘
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Model Objéctive's'

. The purpose of the NGTDM is to derive natural gas end-use and wellhead prices and flow patterns for movements
of natural gas through the regional interstate network. The prices and flow patterns are derived by obtaining a

* market equilibrium across the three main elements of the natural gas market: the supply element, the demand
element, and-the transmission and distribution network that links them. The domestic supply, imports, and demand
representations are provided as inpuis to the NGTDM from other National Energy Modeling System (NEMS)
modules. The representations of] the key features of thé transmission and distribution network, which include
interregional network capatities and transmission and distribution service pricing, are the focus of the various
components of the NGTDM."

The need to model these specrﬁc charactensucs of the natural gas mdustry stems from the structural changes that
" . have taken place in the industry over the last 10 years. These changes include complete deregulation of the wellhead
market, the unbundling of pipeline services, and the introduction of competitive forces related to pipeline expansion
decisions, and transmission and distribution service pricing. Some of these changes have already had a large effect
on.the market, while other changes have recently been initiated and have yet to provide a significant impact on the
prices and availability of services. Two key factors siipport the neéd to include an explicit representation of the
transmission and distribution of natural gas within NEMS. The first is the substantial decline in wellhead prices
which results in the acquisition cost of-the commodity itself generally being less than half of the end-use price. The
second is the ongoing evolution of the market. “This ongoing evolution also supports the need for significant
. flexibility in how prices for transmission and distribution services are represented in the NGTDM and how the
. interregional flows respond to prices over time. Because of this, the NGTDM is a completely new system that
provides, in addition to mid-term forecasts of end-use ‘prices, forecasts of prices for, availability of, expansxon of,
and utilization of mterstate natural gas pipeline services.

Prior to model development, a working ‘paper was compiled by the EIA to establish the specific requirements for -
the overall NEMS, as well as for each of the component modules.*. Requirements pertaining specifically to the
NGTDM were based on: .(1) recent analyses performed with EIA’s IFFS/GAMS forecasting system, (2) limitations - -
of GAMS, (3) the regulatory reform agenda of the Federal Energy Regulatory Commission (FERC), and (4)
Department of Energy (DOE) policy initiatives as outlined in the National Energy Strategy.’ - These requirements,
-along with recommendations from a recent Model Quality Audit of the GAMS by the Office of Statistical
Standards,® yielded a list of design guidelines for the NGTDM that support a broad array of desired analyses. Based g
on these guidelines, the NGTDM needed to: N

-+ Represent pxpehne capacity . limitations exiting the major producmg regions and entenng the major
market areas - .

- Employ a solution ptoeedure based on an mterregxonal trade equilibrium model that attempts to
minimize simultaneously the global costs of supply and transportation subject to gas supphes available
in each regton, regional demand reqmrements, and plpelme capamty constraints .

. Incorporate a transmission/storage capacrty expansmnlplannmo module that would recognize on~going,
.and planned/announcéd capacity expansion pro;ects, ‘as well as other capacity expansion needs
throughout the forecast period .

e, . Have the.ability to determme endooenously market based rates for pxpehne transportauon services

LI Have‘the ability to partition the natural gas market to apply either market based or cost based rates to
specific segments of end-use sectors or to-the market as a whole

-~

“‘Energy Information Adnumstranon Office of Integrated Analysrs and Forewsnng. "Requirements for a Nauonal Energy
. Modeling System,” December 12,,1991. ]

SNational Energy Strategy, First Edition, 1991/1992 (Washtngton, DC. February 1991).

°Carpenter, Paul R., Rewew of the Gas Analysis Modelmg System {Boston. MA: Incentives Research, Inc., August 1991).
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* Employ a short-run su‘pply curve that includés a direct representation of mzirginal, s;ources of supply |

{

* Represent Canadian_ and Mexican pipeline gas trade and liquefied natural gas trade

e Account for ‘emissions of criteria pollutants that are emitted as- a by-product of the natural gas
transmrssmn and distribution mdustry -

e Account for capital investment requirements of storaoe and capacrty expansion projects in the
. ‘transmission and distribution sectoi. .

Dunng the development of the model methodology, a study was made of existing models and modehng techniques
- “that miight be used to meet the above requirements. Based on this study and the reports mentioned previously, it
was determined that no -model currently in existence could satisfy the NEMS requiremenits, and thus a new model
was needed." The results of the study are presented in Appendix D. Documents that were referenced in suppon of
-+ the model development effort are listed in Appendrx B. .

The followmg secuons provxde bnef overvxews of the four componems of the NGTDM

_ Annual Flow Module
‘The ‘Natural Gas *Annual Flow Module (AFM) is the main’ mtegratmg module of the NGTDM. One of its major
functions is to simulate the natural gas price determination process. The AFM brings together all major economic
.and technological factors that influence regional natural gas trade in the United States.' The economic considerations
‘include the demand for and the supply of natural gas, competmon from subsutute fuels and conservation options,
_and competmon,from 1mported natural gas

*The AFM mtegmtes all oomponents of the NGTDM (the Al'-'M itself, the Capacity Expansron Module, the Prpelme '
. Tariff Module and the Distributor Tariff- Module): Through this integration process, the AFM derives .average annual
natural gas prices (wellhead, city gate, and end-use) that reflect an interregional trade market equilibrium among
competmg gas supplies, end-use sector consumption and transportation routes. End-use prices are derived for both .
" core-and nonoore markets. Wrthm NEMS the classxﬁcauon of CUSIOMETS a5 COTe Versus noncore is predetermmed »
. The hrstoncal evoluuon of the pnce determmauon process sxmulated by the AFM is deplcted schemauwlly in Flgure
2-2. Until recently, the markeung chain was very straightforward, with end-users ‘and local distribution Comparnies
. contracting with pipeline companies, and the pipeline ¢ompanies in turn contracting with producers Prices typically
reflected average costs of providing servrce plus some regulator-specified rate of return. Althiough this approach is
-still employed, more pricing flexibility is ‘being introduced, particularly in the interstate pipeline industry. Pipeline
companies are also offering a range .of services under competitive and market-based ‘pricing arrangements.
Additionally, new players—-for example marketers of spot gas and brokers for pipeline capacity—have entered the
market, creating-new links connectmg supphers wnh end-users The marketmg links will become mcreasmgly
* complex in the future, ) . )

The level of oompetmon for prpehne services (generaily-a functron of the number of prpelmes havmg access to a’
customer and the amount of_capacity available) is curfently driving the prices for interruptible transmission service
and is beginning to have an effect on firm' service prices. Currently, there are significant differences across regions
in pipeline capacity utilization.” “These regional differences are evolving-as new pipeline capacity is constructed to
relieve the capacity constraints in the Northeast and-on the West Coast, and to expand markets in the Midwest. As
capacity changes take place, prices of services should adjust accordingly. to reflect new market conditions.

’Energy Information Adrmmstrauon Capaczr) and Service on the Imematc Namral Gas Pipeline System, 1990: Regxonal
Profiles and Analyses, DOEJEIA-0551 (Washmglon DC, May 1992) B
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Figure 2-2." Principal Buyer/Sellér Transaction Paths for Natural Gas Marketing
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Federal initiatives (most récently compiled-in FERC Order No. 636) are reducing barriers to market entry and are
encouraging the development of more competitive markets for pipeline services. "Potential mechanisms used to make
the transmission sector thore competitive.include the widespread capacity releasmg programs, market-based rates,

. and the formation of market centers with deregulated upstream pipeline services. Some combination of these
mechanisms will ‘probably be used. As the outcome is unknown at this point, the AFM is not designed to model

1 any specific type of program. Itis mstcad desxgned to sxmulate the overall impact of the movement towards market
based pricing of uansmxss:on services. - | J .. L.

" The regional supply detall in’ the A‘FM in conjunction with the ‘ARM representanon of pipeline capacity, supports
analysis of regional shifts in supply and demand patterns. Regional “differences in marginal sources of supply are
also captured. Finally, the AFM addresses: transmission fuel consumption and losses; emissions associated with
transmission fuel consumption; the evolution of a North Amencan ‘patural gas market; and capacity rationing
(accomphshed v1a the pricing of services). .

Capacity Expansion Module

The primary purpose of the Capacity Expansion Module (CEM) is to simulate the decision-making process for

expanding pipeline and/or storage capacity in the U.S. gas market. In simulating gas pipeline capacity expansion,

the CEM: (1) determines the amount of pipeline and storage capacity to be added between or within regions in the

NGTDM, and (2) establishes effective (or-practical) maximum annual utilization rates for each of the interregional.

pipeline routes represented in the Annual Flow Module. Maximum utilization rates (or load factors) on pipeline

routes are established to"capture the impact of variations in seasonal demand on the maximum amount of gas which -
* / - B .
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can practically flow between regions within a year. Plpelme and storage capacity additions are used in the Annual
Flow Module (in combination with the maximum load factors), to set limits on annual interregional flows and to set ”
working gas storage levels. These capacity additions are also used i m the’ Pxpehne Tariff Module when determmmo
future storage rates and interregional pxpehne tanffs , R
The CEM was des:gned to address the gmdehnes that support a broad array of desired analyses and policy questions
" to be answered, such as: .
" . e Whati impact wxll the increased demand for natural gas attributable to greater market penetration of new
- end-use gas technologies have on the utilization of the U.S. pipeline grid and reqmrements for new
- capacity? In what regions is capacxty likely to be added? ‘

‘e What might be the impact of a proactive natural gas pohcy on the uuhzauon of plpehne mpaclty and
- . - theneed for p:pelme expansxon"

‘o How will unbundlmg and the mcreasmgly market—onemed pncmg of gas supply and transmission
<. . services affect the differences between delivered pnces for remdenuallcommercxal and industrial:and
L electnc gene:ators sector gas users? . -

'Regulauon affectmg the demand for gas and the supply of gas, such as emissions controls and tax credits, are -
modeled within the demand models of NEMS and the Oil and Gas Supply Model, respectively. The Pipeline Tanff
'Module and the Distributor Tariff Modiile provide tariffs to the CEM. Therefore, regulations affecting the setting -
of rates are specified within these two tariff modules, and-are subsequently incorporated within the CEM. When
the NGTDM is used to analyze the impact of new regulations which will increase or decrease expansion costs, these '~
adjustments will be incorporated within the Pipeline Tariff Module, where the interstate tariffs associated with -
expanded pipeline or storage capacity are calculated, (e.g., incremental versus rolled-in rates for new ’ capacity).
Within the CEM, parameters can be set to capture the impact of changes in lead times assocxated w1th the regulatory
approval proeess for pxpelme and stotage expansxon .

,'The demgn of the CEM is consistent \vxth the. NEMS requirements for modelmg natural gas pxpehne capacity and
capacity expansion: "The model will respond to.external decisions (assumptions) about throughput capacity for

*  natural gas facilities including the expansion of facilities (interstate pipelines, storage and import facilities), and

maintenance and replacement of facilities, as well as the associated costs. - The output reports will contain capacity .
requirements and uuhzanon rates dlstmgmshed by negxon T : N

. N A,-»‘ Tt e . .

Plpellne Tarlff Module

The pnmary purpose of the Pnpelme Tanff Module (P’IM) isto eompute tariffs for transponauon and storage services
. provided by i mterstate pipeline companies. ‘These Aariffs are'used within the Annual Flow Module to derive supply
-and end-use prices and within the Capacity Expansxon Module to derive capacity additions. The tariffs are computed
for individual pipeline companies, then aggregated to the major gas pipéline corridors or arcs (in the United States)

.. specified in.the NGTDM network, as described in Chapter 4. An accounting system is used to track costs and

compute rates under various rate “design and regulatory scenarios. Tariffs are computed for both firm and
interruptible transportation and storage services. Transportation tariffs are computed for interregional arcs defined
by the NGTDM network. These network tariffs represent an aggregation of the tariffs for individual pipeline
companies supplying the network arc. Storage tariffs are defined at regional NGTDM network nodes, and, likewise,
represent an aggregation of individual company storage tariffs..‘Note that these services are unbundled and do not
include the price of gas, except for the cushion gas used to maintain minimum gas pressure Furthermore, the
module cannot address competition for pxpelme or storage services along an aggregate arc’or within an aggregate
reglon, respecnvely .

~

-

~

’Energy Information Adrmmstrauon Requtremenrs, pp. 12-13.
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Since the tariffs deternuned by the PTM represent an aogregauon of individual pipeline companies, the PTM is not

designed to address the issue of analyzing competition within a regional pipeline corridor. It should also be noted”

that the PTM deals only with the interstate market, and thus does not capture the impacts of State-specific regulations
for intrastate pipelines. Intrastate transportauon charges are accounted for within the Distributor Tariff Module.

Plpelme tariffs for transportation and storage services represent a sxgmﬁcant portion of the price of gas to end-users.
Consumers of natural gas are grouped generally into two- categones (1) those who need firm or guaranteed service

“because gas is their only fuel option or because they are willing to pay for security of supply, and (2) those who do
not need guaranteed service because they can either periodically terminate’ operations or use fuels other than natural
" gas. The first group of customers (core customers) purchase firm transportation services, while the latter group

(noncore customers) purchase interruptible services. Pipeline companies guarantee to their core customers that they

- will provide peak day service up to the maximum capacity specified under their contracts even though “these.

customers may not actally request transport of gas on any given day. 'In return for this service guarantee, these
customers pay monthly reservation fees (or demand charges). These reservation fees are paid in addition to charges

- for transportation service based on the quantity of gas actually transported (usage fees or commodity charges). The
_PTM transportation and storage rates to core customers are based on the average cost-of-service provided by the .
* pipeline to all of ns comparably situated core customers

. The actual reservation and usage fees (tariffs) that pxpelmes are allowed to charge are regulated by the Federal
Energy Regulatory Commission (FERC). FERC’s ratemaking traditionally allows (but does mot necessarily

guarantee) a pipeline company to recover its costs, including what the regulators consider a fair rate of return on
capital. A fundamental decision' in cost-based rate design is the apportionment -of costs among customer classes.

How costs are apportioned determines the extent of differences in' the rates charged to different-classes of customers-
.. and for different types of service. For example, the more fixed costs that are included in usage fees, the more

noncore customers share in paying pipeline costs. However, tiansferring a larger share of fixed costs to reservation
fees leads to core customers bearing a larger share of system costs. The PTM is designed to provide flexibility in
allomtmg fixed and variable costs to core and noncore customers so that varions pohcy initiatives may be examined.

] Smce requirements of NOncore customers. generally are not taken into accont in detexmmmg the peak-day dehvely " .
requirements of pipeline systems, the availability ‘of capacity to serve these customers during peak consumption’

periods can be limited, and interruptions can occur. FERC sets maximum and minimum rates a pipeline is allowed
to charge for interruptible service; thus, pipeline companies are allowed to offer discounts from the maximum usage
fee at their dlscreuon provided they do-not unduly discriminate among customers;" Since rates may be discounted

. to the variable cost of moving gas, and the major pomon of the pipeline costs are fixed costs, the pipelines have
.considerable discretion in setting rates. Additionally, various rate making policy. options currently under discussion

by FERC may allow peak-season rates to rise substantially above the 100-percent load factor rate (also known as
the full cost-of-service rate). In capacity-constrained markets, transportauon rates based on marginal costs will be
s:gmﬁcantly above the full cost of service rates. . s - .

" Fixed and variable cost anocauon in the PI'M rate base spec:ﬁcauon provides ﬂexlbﬂxty in modelmg a pipeline

company’s response to recent FERC regulatory decisions to unbundle pipeline sales and transportation services, and

1o encourage market-based responses to competition. The cost allocation is specified at-the pipeline company-level. )

‘After individual company revenue requirements are determined, they are aggregated across companies to the arc-level
specified by the NGTDM network. -The PTM estimates maximum and minimum interruptible transportation service
rates which are used to determine interruptible service -arc-level tariff bounds. These bounds constrain market-
determined rates provided by the NGTDM to noncore customers, The maximum rate computed by the PTM is the

- full cost-of-service rate (currently the 100-percent load factor rate). The minimum rate is the variable cost of

transporting gas. The effective rate charged in the Annual Flow Module in capacity-constrained markets is based
on marginal costs and, on occasion, exceeds the maximum rate computed by the PTM. A planned enhancement of

- the NGTDM mvolves imposing ‘a limit on these interruptible rates.

1
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. ‘Theoretically, the PTM could compute either incremental or rolled-in (average) rates for-new capacity, thus allowing

a more. comprehensive analysis of the results of supply and demand shifts on capacities and flow patterns, as well *
as a more representative analysis of the pricing of natural gas transportation and distribution services.’

Dnstrnbutor Tarlff Module

The pnmary purpose of the Distributor Tariff Module (DTM)isto determme the components of end-use prices that
are regulated by State and local authorities. These consist of. (l) distributor markups charged by local distribution

- companies for the distribution of natural gas from the city gate to the end user and (2) markups charged by intrastate

pipeline companies for intrastate transportation services. Although the distribution service performed by local

- distribution companies and the transportauon service performed by intrastate carriers are distinct activities, separate
" distribution’ and intrastate markups are not determined. Rather, the DTM determines a volumetric charge which -

" covers the cost of providing distribution or transportation services from the city gate to the end user. This charge.’

represents the difference. between the ‘price to the customer and the price to the local distribution company (or

:mtrastate carner) at the city gate. Where end-use service is d:stmgmshed by service type (firm or mterruptible), the .
. D'IM:provrdes separate fum and mten'upuble dlstrlbunon markups ‘

- The D'IMrepresents firm markups to the residential, commercial, mdustnal, and electnc generators sector customers "

4

based on historical data. Transportauon sector and electric generation sector interruptible service markups are based

L _on the. prices of competing fuels. . User-specified parameters allow adjustment of the markups to account for shxfts

duem regulatory pohcy Many of these modelmg ChOICCS are the result of data lumtatxons

Drstnbuuon markups represent a significant pomon of the price of gas to customers. These customers include the
residential, commercial, industrial, electric generators, and transportation (compressed natural gas vehicles) sectors.
Each' sector ‘has different distribution service requirements. For example, residential, transportation and most .

. commercial sector customers require guaranteed on-demand (firm) service because natural gas is their only fuel
option. "In contrast, portions of the industrial, electric generators, and commercial sectors may not.rely solely on

‘guaranteed service because they can either ‘periodically terminate operations or switch to other fuels. Thus,
commercial, industrial, and electric generators customers can elect to receive some gas supplies through a lower
priority (and lower cost) interruptible (transportation) service. During periods of peak demand, services to these
'sectors mn be interrupted in order to meet the namral gas requirements of core customers, .
The ar:tual rates that looal dlstnbuuon compames and mtrastate carriers are allowed to charge are regulated by State

authonues State ratemaking traditionally- allows (but does not necessarily guarantee) local distribution companies

"and intrastate carriers to recover their costs, including what the regulators consxder a fair return on capital: These
" rates are derived from the cost ofprovrdmg service to the end-use customer. The State authority determines which
" - expenses can be passed through to custohers and establishes an allowed rate of return. These measures provide the
basis for distinguishing rate differences among customer classes and type of service by allocating costs to these L

- classes and services based on a rate desrgn

"’ The DTM does not exphcrtly deternune cost-of-service d:stnbuuon markups from revenue requuements because the

availability of cost-specific data needed to defermine revenue requirements is limited fér local distribution companies
and intrastate pipeline companies.'” Instead, the markups are either determined from historical data or are based
on the economic. value of service as determined by the ‘cost of. competitive fuels. Firm service markups and
mterrupuble markups to the mdustnal sector are based on hlstoncal data. Natural gas vehrcles (NGV) sector markups

Throughout the repost, reference will be made to the current formulation of the NGTDM where incremental rates will be used
as a market test for capacity expansion, and where the AFM will use rolled-in rates in solving for flows and prices in the firm
‘market and fnarket-based rates for the interruptible market. However, the capability exists within the PTM to compute dtfferent

.types of rates allowing it, and thus the NGTDM, to respond to different rate design and regulatory scenarios.

1°EIA data surveys currently do not collect the cost components required'to derive revenue requirements and cost-of-service

.-'for-local distribution companies and intrastate carriers; nor are these data collected by other public or private sources. These cost

components can be compiled from rate filings to Public Utility Commissions; however, an extensive data collection effort is

: beyond the scope of NEMS Versxon L Tlus data’ co]lecuon may be cons:dered for a future development effort.
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are based on the cost of service 1o the end user and the cost of* competitive fuel. Electric generators sector
interruptible service markups are based on value of service as reflected in competing fuel prices. '

Since the markups determined by the DTM represent an aggregation of individual local distribution companies and

" intrastate pipeline companies, this module is not designed to address the issue of analyzing competition for

distribution services within a region. It should also be noted that the DTM deals only with issues at an aggregate

regional level, and thus does not capture the impacts of State-specific regulations on intrastate tariffs and by-pass

. issues, Finally, the procedures used by the DTM to estimate markups are limited by the types and availability of
data. ’ ' ’

- - R -

L EiAModel Documentation: Natural Gé{; Transmission and

Distribution Mgdel Volume | - 29




3. Interface Between the NEMS and the NGTDM

. This chapter presents the general role that the Natural Gas Transmission and Distribution Model (NGTDM) plays
in the NEMS. First a general description of the NEMS is provided, along with an overview of the NGTDM.
Second, the data passed to the NGTDM from other NEMS models will be described along with the methodology
used within the NGTDM to transform these prior.to their use in the model. The natural gas demand representation
provided to the NGTDM from the Electricity Market Model (EMM) and from the end-use demand models of NEMS
is described, followed by a section on the natural gas supply interface. Finally, the information that is passed to
other NEMS models from the NGTDM will be described. . :

A Brief Overvnew of NEMS and the NGTDM

The NEMS represents all of the major fuel markcts—crude oil and petroleum products, natural gas, coal, electricity,
and imported energy—and iteratively solves for an annual supply/demand balance for each of the 9 Census, Divisions,

accounting for the price responsiveness in both energy production and end-use demand, and for the interfuel -

substitution possibilities, NEMS ‘solves for an equilibrium in each forecast year by iteratively operating a series of.
fuel supply and demand models to compute the end-use prices and consumption of the fuels represented.”! The

end-use demand models—for the residential, commercial, industrial, and transportation “sectors—are detailed .

represeritations of the important factors driving energy consumption in each of these sectors. Using the delivered
prices of .each fuel, computed by the supply modules, the demand models evaluate the consumption of each fuel,
taking into consideration the interfuel substitution possibilities, the existing stock of fuel and fuel conversion burning
.equipment, and the level of economic activity. Conversely, the fuel conversion and supply models determine the
‘end-use. prices needed in order to supply the amount of fuel demanded by the customers, as determined by the
demand models. Each supply module considers the factors relevant to that particular fuel, for example: the resource
base for oil and gas, the transportation costs for coal, or the refinery configurations for petroleum products. Electnc
generators and refmenes are both supphers and consumers of energy. .

Within the NEMS system, the NGTDM provxdes the interface between the Oil and Gas Supply Model (OGSM) and
the demand models in NEMS, including the EMM. The NGTDM determines the price and flow of dry natural gas
supplied-internationally from the contiguous U.S. border'?.or domestically from the wellhead (and indirectly from
natural gas processing plants) to the domestic end-user.” In so doing, the NGTDM models the markets for the
transmission (pipelifie companies) and distribution (local distribution companies) of natural gas in the contiguous
United States. The primary data flows between the NGTDM and the other oil and gas models in NEMS the
Petroleum Market Model (PMM) and the OGSM, are deplcted in Fxgure 3. 1 .

o~

Funcnonally, each of the.demand models in NEMS provxdes the level of natural gas that would be consumed at the *

bumertip by the represented sector at a given end-use-price; and the OGSM provides the level of natural gas which
.would be produced (or imported) at the wellhead (or border crossing) for a given supply price. The NGTDM uses
this information to build "short-term" supply.or demand curves which are used to approximate a given model’s

response to prices within a limited range."* Given these short-term demand and supply curves, the NGTDM model
- solves for the end-use, wellhead, and border prices that represent a natural gas market equilibrium, while accounting
for the cost-and market for transmission and distribution services (including its physical and fegulatory constraints).

_These solution prices, and associated production levels, ‘are in turn. passed to the-OGSM and the demand models, -

“A more detailed description of the NEMS system. mcludm° the convergence algonthm used, can be found in "National
Energy Modeling System Integrating Module Documentation Report. DOE/EIA-M057, December 1993.

2Because of the distinct separation in the natural gas market between Alaska, Hawaii, and the contiguous United States. natural
gas consumption in, and the assocxated supplies from, Alaska and Hawaii are modeled separately from the comxguous United
States within the NGTDM. .

BNatural gas exports are also represem.ed within the model. :

Special parameters are provided by OGSM for the construction of supply curves for domestic nonassociated natura] gas

roduction and by EMM for the construction of demand curves for natural gas consumed by electnc generators that can use -

) rwdual fuel oil as an.alternate.
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" Figure 3-1

Primary Data Flows Between Oil and Gas Models of NEMS
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including the EMM, as primary input variables. In addition to the basic calculations performed within- these models, .
the parameters which define the natural gas supply or demand curves used in the NGTDM are updated (as
appropriate) to reflect the pnces most recently provided by the NGTDM.

* The NGTDM model is composed of four primary components or modules: the Annual Flow Module, the Capacity
Expansion Module, the Pipeline Tariff Module, and-the Distributor Tariff Module. The Annual Flow Module is the
central module of the NGTDM, since it is used to derive flows and prices of natural gas in conjunction with an X
annual natural gas market equilibrium. Conceptually the Annual Flow Module is a 'simplified representation of the
natural gas transmission and distribution system, structured as a network composed of nodes and arcs. The other
three primary components serve as satellite modules to the Annual Flow Module, providing parameters which define
some of the characteristics of these nodes and arcs. Other parameters for defining the natural gas market (such as

. supply-and demand curves) are derived based on information passed from other NEMS models. The Capacity

Expansion Module provides the AnnualFlow. Module with regtonal underground storage capacities and maximum
annual flow limits along each of the arcs in the network. The Pipeline and Distributor Tariff Modules provide price
"parameters for establishing the tariffs to be charged along each of the interregional, intraregional, and distribution
arcs. Data are also passed back to these satellite modules from the Annual Flow Module and between the satellite '
modules themselves. .

The NGTDM is called once for each 1teranon of NEMS, but all modules are not 1un for every call. The P:pehne
Tariff Module and the Capacity Expansion Module are executed once for each forecast year, on the first iteration.
of each year and the last iteration of each year, respectively. The Annual Flow Module and the Distributor Tariff
Module are executed once every NEMS iteration. The calling sequence of and the interaction among the NGTDM

modules is as follows for each year of execuuon of NEMS . .

e First Iteratton
) 4‘I’he Ptpehne “Tariff Module determines tariffs for i mterstate ptpelme company transportation and storage ’
semces, using a cost based stmulauon, and estabhshes tariff curves for p1pehne and storage expansion.

- Each Iteranon.

.The Distributor Tariff Module determines markups for intrastate transmission and distribution services

- based on historical data and alternate fuel prices. Next, the Annual Flow Module incorporates tariffs
from the Pipeline Tariff" Module and markups from the Distributor Tariff Module into a linear program
that solves for interregional ﬂows based on supply availability, demand requirements, and pipeline
capacity constraints. The linear program determines a market equilibrium solution -by maximizing
consumer and producer surpluses, while minimizing supply-and transportation costs, thus determining
natural gas end-user and supply prices and domestic production. Pipeline capacity constraints for the
first year (or years) of execution are determined from historical data. Subsequent year s constraints
are taken from the prevxous year s Capacity Expansion Module results S -

o I..ast Iterauon v

The Capacny Expanston Module employees the pipeline and storage expansxon curves calculated in the
Ptpehne Tariff Module and expected future supply availability and consumption levels from other

- models in the NEMS. The Capacity Expansion Module represents two natural gas market seasons

" within a linear program structure to determine pipeline and storage capacity expansion (beyond planned
additions) for a future year, by minimizing.the pipeline and storage expansion costs required to meet

- - the expected consumption levels of natural gas. The resulting pipeline capacity build requirements and
..seasonal flow patterns are used to establish effective limits on the annual load along pipelines, for use

-in the Annual Flow Module. In addition, annual net storage withdrawals.for the firm and interruptible

" service networks are set based on resuluno peak/offpeak ﬂows to and from ‘storage in the Capacity

. Expansxon Module. L. . ! ‘
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The primary outputs from'the NGTDM, which are used as input in other NEMS: models, result from establishing’ .

a nawral gas market equilibrium solution: end-use prices, wellhead and' border crossing prices, and associated

production and Canadian import levels. In addition, the model provides a forecast of lease and plant fuel
- consumption, pipeline fuel use and the corresponding emissions, as well as pipeline and distributor tariffs, pipeline
"' and storage capacity expansion, and interregional natural gas flows. The capital investments associated with the
expansion of pipeline and storage capacity are provided to the macroeconomic model of NEMS.

{

‘Natural Gas Demand Representation

Natural gas which is produced within the United States is consumed in lease and plant operations, delivered to
* consumers, exported internationally, and consumed as pipeline fuel. The consumption of gas as lease, plant, and
pipeline fuel is determined within the NGTDM. Gas used in well, field, and lease operations is-set equal to an
- exogenously specified percentage (Appendix F, Table F2) of dry gas production. Gas consumed in natural - gas
processing plants is similarly calculated, however, the ‘percentages that.are used are provided by the Petroleum
‘Market Model. Pipeline fuel use dépends on the amount and distance.of gas transported and distributed in each
. region, as described in Chapter 5." The Tlevel of natural gas exports are currently determined exogenously to NEMS
- and passed to the NGTDM from the OGSM model. Exports are distinguished by six Canadian and three Mexican
*‘border.crossing points, as well as for exports of liquefied natural gas to Japan from Alaska. The representation of
- 8as delivered to consumers is described below. . < , : .

-

Classification of Natural Gas Consumers = . .
- Natural gas that is delivered to consumers is represented within the NEMS at the Census Division level and by five
- 'primary end-use sectors:"* residential, commercial, industrial, transportation, and electric generation. These demands
are further distinguished by customer class (core or noncore), reflecting the type of natural gas transmission and
distribution service that is-predominately purchased. The "core” customers require guaranteed service, particularly
- during peak days/periods during the-year. “The "noncore™ customers require a lower quality of transmission services
-and therefore, consume gas under.a less certain and/or less continuous basis. - In the NGTDM, the core customers -
- are assumed to purchase firm transmission services and the noncore customers are assumed to purchase interruptible
- transmission services: R T : -

. Cuirently in NEMS, all customers in th:e transportation, feéidéntial, and commercial sectors are classified as core.'®”

" . Within the industrial sector the noncore segrment includes thé ‘industrial boiler market and refineries. The noncore

segment of the electri¢ generation sector is further separated into two subclasses, dqpending on the alternative fuel-
“-a plant would burn should natural gas be unavailable or relatively uneconomic. “The subclass of noncore electric
generation plants that has the option of burning distillate fuel in lieu of natural gas is referred to as "competitive-
with-distillate.” Thé second subclass of noncore plants can burn either natural gas or residual fuel oil and is therefore
- referred to as "competitive-with-residual fuel." ‘The electric generating units defining each of the three customer
classes modeled are as follows: (1) core—gas steam units or gas combined cycle units, (2) competitive-with-,
- distillate—dual-fired turbine units or gas 'turbine uil_its, 3) competitive-with-residual—dual-fired steam plants
(consuming both natural gas and residual fuel oil). Within the NGTDM, natural gas is exported to Mexico under

firm transmission service and to Canada under interruptible transmission service.

For any given NEMS iteration within a forecast year, the individual demarid models in NEMS determine the level
of natural gas consumption for each region and customer class at the end-use price for the same region, class, and
sector, as-calculated by the NGTDM in the previous NEMS .iteration. Within the NGTDM, each of these
. consumption levels (and its associated price) is used in conjunction with an assumed price elasticity (set to zero if

“fixed consumption levels are required) as a basis for building a short-term demand curve. These curves are used

- 3

1
]

*Natural gas burned in the transportation sector is defined-as compressed natural gas that is burned in natural gas vehicles:
and the electric generation sector includes all électric power generators except cogenerators. .- ) .

1The NEMS is stritcturally able to classify a segment of these sectors as noncore, but currently sets the-noncore consumption
for the residential, commercial, and transportation sectors at zero. : S . .
/
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within the NGTDM to minimize the required number of NEMS iterations by approximating the demand response _
to a different price. In so doing, the price where the implied market equilibrium would be realized can be
approximated. Each of these market equilibrium prices is passed to the appropriate demand model during the next
NEMS iteration to determine the consumption level that the model would actually forecast at this price. The
" NGTDM disaggregates the Census division regional consumption levels into the regional representation that the
" NGTDM requires. The demand curve representation and the regional mapping for the electric generatmn sector
differ from the other NEMS sectors as described i in the following secuons

Regional Representatlons of Demand

" Natural gas consumption levels by all nonelectric'” sectors are prowded by the NEMS demand models for the 9
Census divisions, the primary integrating regions fepresented in the NEMS. Alaska and Hawaii are included within
‘the Pacific Census Division. ' The EMM represents the electricity generation process for .13 electricity supply
reglons—the 9 North American Electric Reliability Council (NERC) Regions and 4 selected NERC Subregions
(Flgure 3-2); Electricity generation in Alaska and Hawaii is handled separately. Within the EMM, the electric
generalors consumption ‘of natural gas is- msaggregated into subregions which can be aggregated into Census-
Divisions or mto the regions used in the NGTDM.

. With the few followmg excepnons, the reglonal detail prov1ded at a Census division level is adequate to build a
simple network representative of the contiguous U.S. natural gas pipeline system. First, Alaska and Hawaii are-not
connected to the rest of the Nation by pipeline and are therefore treated separately from the contiguous Pacific
Division in the NGTDM. Second, Florida receives its gas from a distinctly different route than the rest of the South ~
Atlantic Division and is therefore isolated. A similar statement applies to Arizona and New Mexico relative to the
Mountain Division. Finally, California is split off from the contiguous Pacific Division because of its relative size _

- coupled with its unique energy related regulations. “The resulting 12 primary regions represented in the Annual Flow .
» . Module-are referred to as the "NGTDM Reglons (as shown in Figure 2-1) . ’

As can be seen in Figure 3-2, the regxons wluch are represented in the EMM do not always ahgn with State borders
. and generally do not share common borders with the Census divisions or NGTDM regions. . Therefore, demand in
the electric generation sector is represented in the NGTDM at the regions NGTDM/EMM) resulting from the
_combination of the NGTDM regions overlapped with the EMM regions, translated to the nearest State border (Figure
3-3). For example, the South Atlantic NGTDM region (number 5) includes three NGTDM/EMM regions (also
" subregions of EMM regions 1, 3, or 9). ‘Within the EMM, the disaggregation into subregions is based on the relative
geographic location (and natural gas-fired generation capacny) of the current and proposed electncxty generauon
. plants within each of the NGTDMIEMM Tegions. T .
The consumpuon levels for each of the ‘nonelectric. sectors are 'disdggxegated from the 9 Census divisions to.the 12 .
NGTDM regions by applying historically based shares which are held constant throughout the forecast (Appendix F, .
- Table F6). For the Pacific Division natural,gas consumption estimates for Alaska are first subtracted to establish
a consumption leve] for just the contiguous Pacific Division before the historical share is applied. The consumption
- of gas in Hawaii was considered to be negligible. Within the NGTDM, a relatively simple module (described later)
" was included for approximating the consumption of natural gas by each noneleciric sector in Alaska. These
esnmates, combmed with the consumption levels provided by the EMM for consumpuon by electric generatoxs in
Alaska, are also used in the calculatxon of the production of natural gas in Alaska.

Natural Gas Demand Cufves for Nonelectric Sector’s

/

‘While the primary ana]ysxs of energy demand takes place in the NEMS demand models, the NGTDM itself directly .

incorporates hmned price responsive demand curves to speed the overall convergence of NEMS and to unprove the

PP

. "The "noneleclnc sectors refer to sectors that do not produce electricity using natural gas, (i.e., the residential. commercial,
 industrial, and transportauon demand sectors )
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quality of the results obtained when the NGTDM is run as a stand-alone model. The NGTDM may "also be executed .

to determine end-use prices for fixed consumption levels (represented by setting the price elasticity of demand in

the demand curve equation to zero). These demand curves are defined within a limited range around the
- price/quantity pair solved for during the most recent NEMS iteration. The form of the demand curves for the firm
) txansmxssmn sérvice type for each nonelectnc sector and reglon is:

NGTDM _CRVNONUEX,, = QBAS_NONU F‘ *(PRICE / NONU_PR_F, \ONU-ELASF, -
' where, ] ' -
NONU_PR_F,, = end-use price to core sector s in NGTDM region r in the previous NEMS 1terauon
" (dollars per Mcf) . .
QBAS NONU_] F - =. natural gas quantity whxch the NEMS demand models indicate would be oonsumed
L . at'pricc NONU_PR_F' by core sector s'in NGTDM region r (Bcef) .
NONU_ELAS_F =  shori-term price elasticity of demand for core sector s (Appendix F, Table F36)

, . ‘Note: Demand curves can be represented with fixed consumption’levels by settmg
“, '  elasticities equal to zero.

. PRICE end-use price at which demand i is to.be evaluatcd (dollars per Mcf)
NGTDM CRVNONUFX,,- : _estimate of the natural gas which would be consumed by core sector. s in. regxon r .
at the price PRICE (Bch .
core sector (l-re51dent1al 2-commercial, 3-mdustnal 4~u'ansportauon)

s

The form of the demand curve for the nonelectnc mtem:puble transmission semce type is xdenucal wnh the
followmg variables substituted: NGTDM CRVNONUIX NONU_PR_1, QBAS NONU 1, and NONU_ ELAS L

~

'Natural GéS\Demand Curves for Electric éeneratars

’ ’Natural gas demand by eIectnc generators is represemed somewhat dlfferemly in the NGTDM from the noneleclnc
demands because of greater cross price affects. Within the EMM natural gas consumption in the short-term depends
first on the dispatch order of the gas buming plants; which is a function of the price of gas relative to the price of

- fuels burned by other powerplants, and second, on the percentage of gas used in dual-fired plants. If'a change in
the relative fuel prices results in a change in the dispatch order (relative to a base), the associated consumption level ,

- for natural gas burned by electric generators is likely to change as well. However, with the general exception of the

: compeuuve-vmh-remdual plant types, the gas’ consumption level of electric generators is unlikely to respond to
. changes in‘the gas price that do not affect the dispatch order. The dispatching of powerplants is represented in the
_ EMM, not in the NGTDM. ‘Therefore, in the NGTDM, the gas consumption by electric géneration -within the core’
and compeuuve-mth-dxsullate semce types is fixed at the values mlculated by the EMM in the prevxous NEMS
‘lteranon . -
©.Im the EMM, natural gas consumpnon by plants class1ﬁed as compeuuve-wnh-resxdual can change s1gmﬁmntly in
‘Tesponse to a different price even with no switch in the.merit order. Consumption Tevels can change because these
- plants can switch between burning natural gas and burning res:dual fuel oil, which has historically been priced.
competitively. with natural gas. A'representauon of the natural gas demand response within the EMM for the
.competitive-with-residual plant types is incorporated in the NGTDM. This representation will be relatively accurate
within a range of natural gas prices which do not lead to a merit order change. Within the NGIDM, the
competitive-with-residual plants either see the same price as the competitive-with-distillate plants or a lower price
when it is deemed economically advantageous (i.e., the resulung price is at least as great as the minimum variable
cost to supply the natural gas, but not high enough to result in a loss of market share to petroleum suppliers). To
facilitate this determination, the EMM provides the NGTDM with additional parameters to anticipate more closely :
the demand 1esponse wnhm the EMM to a change i in the compeuuve-wnh-resxdual pnce ' . .

. Smce the démand for natural gas in the compeuuve-wnh-resxdual class within the EMM is a funcuon of the relauve .
price of the two competing fuels, the demand curve to represent this customer class is specified within the NGTDM
as-a function of the price of natural -gas relative to the price of residual fuel oil 10 electric generators, as illustrated

-
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in Figure 34. For a given demand for electricity and a given dispatch order for a region within the EMM, there _
' is 2 maximum (GSHRMAX) and a minimum (GSHRMIN) level of natural gas which would be consumed by the
competitive-with-residual class (represented by the vertical lines in the figure). GRATMIN is the lowest price ratio
which would result in a consumption level equal to GSHRMIN, and GRATMAX is the highest price ratio which
" would result in a consumption level equal to GSHRMAX. For each NGTDM/EMM region, the EMM provides these
price/quantity pairs to the NGTDM based on the dispatch order from the current-NEMS iteration. These are two
of the four price/quantity pairs provided by the EMM, which the NGTDM connects to form a piece-wise linear-
- demand curve for the compeuuve-thh-resxdual class within the electric generation sector. The EMM also provides
the quantity of gas (GSHRPAR) that would be consumed at the price ratio which represents parity (GRATPAR); and
the quantity of gas that would be-consumed at the natural gas price (converted to a price ratio in the NGTDM) which
was sent to the EMM in the previous NEMS iteration (SHROLD and RATOLD). Within the NGTDM the residnal
- fuel oil price to electric generators (used in converting the price ratio into a natural gas price) is held constant at the
level established in the previous NEMS iteration and is calculated as a quantity-weighted average of the low-sulfur
and hlgh-sulfur msxdual fuel pnces (QRLELGR, QRHELGR) to the electric generauon sector

-

l

Lo ) Natural Gas Supply Interface

' The pnmary categories of naunal gas supply represemed in the NGTDM for the contiguous Lower 48 States are
nonassociated and associated-dissolved gas from onshore and offshore regions, pipeline imports from Mexico and
Canada, liquefied natural gas imports, gas transported via the Alaskan Natural Gas Transportation System (ANGTS),

synthétic natural gas produced from coal and from liquid hydrocarbons, and other supplemental supplies. The only

supply categories from this list which are allowed to vary within the NGTDM in response to a change in the current
year’s natural gas price are Synthetic. natural -gas produced from liquid hydrocarbons and nonassociated gas from
onshore and offshore regions. The supply-levels for the remaining categories are fixed at the begmmng of each
forecast year (i.e., before market clearing prices are determined), with the exception of associated-dissolved gas
which varies with a change in the oil production in the current forecast year.” The annual oil production level is
dctexmmod in the Petroleum Market Model and can vary between each xterauon of NEMS.

Within the OGSM natural gas supply activities are modeled for the 13 supply regions (6 onshore, 3 offshore, and

3 Alaskan geographic areas) shown in Figure 3-5. A separate component of the OGSM models the foreign sources
of natural gas which are transported via pipeline from Canada and Mexico, and by way of oceanic vessels in
liquefied form (liquefied natural gas).” Six Canadian and three Mexican border crossings demarcate the foreign
pipeline interface between :the. OGSM and the NGTDM. Supplies ‘from the four existing liquefied natural gas-
terminals are also-represented (as supply points) in the NGTDM, although only two of the four existing terminals
are currently in operation. The annual levels of liquefied natural gas imports are determhined in the OGSM and are
provided to the NGTDM .at the begmmng ‘of each forecast year. Similarly the OGSM establishes the level of £as
wh1ch will flow mto the conuguous Umted States v1a the ANGTS

P e

_Supplemental Gas Sources o - i ‘ S

Sources for synthetically produced natura] gas are. geographlcally specified in the NGTDM based on current plant

locations, Synthetic gas from coal is exogenously specified, independent of the price of natural gas in the current -

forecast year. The Coal Module of NEMS sets the annual forecast of natural gas produced from the Great Plains
Coal Gasification Plant in North Dakota, whereas a price responsive supply curve is incorporated within the NGTDM'
for synthetic gas.production from liquid hydrocarbons (currently produced only in Illinois). Synthetic gas production -
from liquid hydrocarbons in Illinois is represented in the NGTDM using a staustmlly estimated funcuon based on -
the associated region’s natural gas price: .
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Figure 3-4.  Example Natural Gas Demand Curve for Competmve-wnh -Residual Fuel Oil Class
N ~ of Electric Generators .

(GRATMIN, GSHRMIN)'

(RATOLD, SHROLD)

. Natural Gas Price/Residual Fue! Oil Price .

 (GRATMAX; GSHRMAX)

1]

Natural Gas Consumption (Bcf) |
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Figure 3-5.  Oil and Gas Supply Model (OGSM) Regions
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VAL = SNGA1sVALUESNoA L - , @

~

where, . . . :
' VAL =  synthetic gas production from liquid hydrocarbons.in Illinois (Bcf)
VALUE - = firm service natural gas market price in the East North Centra] Census Drvrsron
(which contains Illindis), (dollars per Mcf)
" SNGAL, SNGA2 = esttmated parameters (Appendix G, Table G3)

The syntheuo gas productmn level resulung from the above equation is limited to be no less than an exogenously -
_. specified minimum (Appendix F, Table F1) and not to increase by more than 50 percent above the level in the °
. previous forecast year. Synthetic gas production from liquid hydrocarbons in Hawaii is héld constant throughout
. the forecast at an lnstoncally based level (Appendrx F, Table Fl), as are other supplemental snpplres"’ (Appendlx
F, Table Fl2)

g Natural Gas lmports Via P:pelme

. The OGSM provides most of the parameters used in the NGTDM for representmg the imports of gas from Mexroo
and Canada into the United States by pipeline. Border crossing points are established at each NGTDM region
adjoining ‘an international border. The annual import levels for gas from Mexico aré ‘generated exogenously and .

- passed to the NGTDM via the OGSM. The OGSM also provides parametérs for defining a national Canadian natural

. gas supply curve, an exogenous forecast for consumption of natural gas in Canada, and additional parameters for

* representing the transmission system for gas within Canada, mcludmg an exogenous forecast of the physical capacity .

of natural gas prpehnes crossing the border into the United States. Within the NGTDM, this physical capacity limit

- is multiplied by an exogenously specified utilization rate to establish a maximum effective capacity limit for flow

- of gas from-Canada into the United States. "Effective .capacity” is defined as the maximum annual physically .
sustainable capacity ofa pipeline times an assumed maxunum likely utrhzatron rate, based on the expected seasonal
demand proﬁ]es of the customers bemg served. . -

z

The functronal form of the Canadran natura] gas supply curve is represented as follows

CN PRODUC OGRESCAN :OGPRRCAN

(l+OGELSC AN ‘CN, WELPRC-CN WPRCLAG) SR O
CN. WPRCLAG . ' . -
 where, . \ L '
CN'PRODUC = ° Canadian domestrc natural gas productron in year y (Bct) - :

-~ OGRESCAN,,-. = Canadtan natm'al gas reserves in beginning-of-year y (from OGSM in Bct)

OGPRRCAN,, =" expected natirral gas producuon-to-reserves ratio m Canada in yeary (from OGSM
: ’ as fraction)
"OGELSCAN,, = estimated short run pnce elastrcrty of -extraction for Ganada (fmm OGSM)
CN_WPRC . = average Canadian ‘wellhead price in year-y (dollars’ per Mct)

CN_WPRCLAG = -.average ‘Canadian wellhead price in year y-1 (dollars per Mcf) [for the first foremst'

year this is set to CN_ WF.LPRC89 (Appendtx E, Table E3)]

t

The amount of natural gas avarlable to flow mto-the United States from Canada is calculated as: ‘

‘- -
"where,

. ®QOther supp]emental supphes mclude propane-an' refinery gas. coke oven gas manufactured gas, | bromass gas and air injection
for Btu. stabrhzauon -
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TOT_BRDQ = CN_PRODUC -

OGCNCON,, - (CANFLO OuT +EOGQNGEXP )*(1 -OGCNEXLOSS) @
. irl
. -OGCNDMI.OSS ‘
TOT_BRDQ = total gas avaﬂable to flow into the United States from Canada (measured at the
- wellhead), (Bcf)
CN_PRODUC = Canadian domestic natural gas production in year y (Bcf)
OGCNCON,, = consumption of natural gas in Canada (from OGSM in Bcf)
CANFLO_OUT, = gas flowing into Canada which was originally produced in Canada' in year y (Bcf)
OGQNGEXP;,, = " exports of gas from the United States into Canada by border crossing i in year y
- (from OGSM in Bcf)
OGCNDMLOSS " =  percentage of gas produced in Canada to sausfy Canadlan demand that is consumed
. ‘ in transit (from OGSM as fraction) ]

OGCNEXLOSS = percentage of gas produced in the United States to sansfy Canadlan demand that is

consumed in transit within Canada (from-OGSM as fracuon)

3 the ‘value of TOT " BRDQ exceeds the total effecuve capacity of the natural gas pipelines used to flow gas into
the United States from Canada, then it is assumed that the share of TOT_BRDQ which will flow across each of the
representative border crossings in the model (CN_FLOSHR) will be equivalent to that border crossing’s share of the
total effective capacity. ‘Under most likely model scenarios this has been shown to be true in the 2010 time frame.
However, if available Canadian supplies are less than total effective pipeline capacity across the border, the allocanon
~.of TOT BRDQ to each of the six border crossmgs is calculated as follows:

. . . i
CN FLOSHR = (OGCNPARMI o FLOLAG +
- - 3ONJ FLOLAG : e
is] N (5 Y
B MA OGCNPARMz
(1-OGCNPARM1) (CN_ RDPRC-OGCNP RKUP)

- ) . E(CN BRDPRC -OGCNPMARKUP)°‘5°N”"m“12 :

:-l

" where,
CN_FLOSHR;” = the share ‘of the: gas avaﬂable to flow from Canada into the Umted States to flow
. acmssbordercmssmgl(ﬁ'acuon) O
CN_FLOLAG; = the amount of gas which flowed from Canada into the United States across border
o ’ crossing i in the previous year (adjusted for pipeline additions® in year y), (Bcf) -
OGCNPARM1 - ‘=  parameter which reflects the importance of the historical flow pattern in the
" - " . 7 determination of actual allocation of gas (from OGSM, 0 < OGCNPARMI1 < 1)
OGCNPARMZ' = parameter which reflects the responsiveness of the flow pattern to differentials in °
<+ . border prices netbacked to the wellhead (from OGSM, OGCNPARM?2 = 1)

“CN_ BRDPRC = the market price at border crossing i (dollars per Mcf)

OGCNPMARKUP = assumed markup from the average Canadian wellhead pnce to border crossing i

(from OGSM in dollars per Mcf)

If the resulting shares indicate flow leve]s across some border crossings which exceed their maxxmum efi’ective
capacity level, then the "unflowable" portion is made available at border crossings with available pipeline capacity,

+ BA significant amount of natural gas ﬂows into Minnesota from Canada on an annual basis only.to be routed bagk to Canada
through ﬁlchxgan (and 2 very small amount through Montana). The amount of gas éntering the Umited States that is not imported
from Canada, and the percentage of this amount which-travels back through Michigan, are set at.exogenously specified levels
for the forecast (Appendix F; Table F9).

°°The 1990 capaclty additions for the Canadian unport arcs-are spec1ﬁed exogenously (Appendix E, Table E3).
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and the values for the vanab]e CN_ FLOSHR are adjusted accordmgly These shares are ulumately used in the
calculation of the Canadian wellhead price: - )

'CN_WELPRC = $CN_FLOSHR +(CN_ BRDPRC,-OGCNPMARKUP) ©
- : i=] -
where,
CN_WEL?RC = - Canadran wellhead price (dollars per Mcf)

’ CN_FLOSHR; = the share of the gas available to flow from Canada into the Umted States to flow )
.. .. . across border crossing i (fraction) - X

. -CN_BRDPRC; = the market price at border crossing i (dollars per Mcf)

. OGCNPMARKUP;, =

-assumed markup from.the average Canadian wellhead pnce to border crossing i
(from OGSM in dollars per Mcf) ,

- . The system of equauons whrch represents the prxcmg and ﬂow of gas fmm Canada into the United States can not
. be solved in a top/down fashion, but requires an iterative process due to the interrelationships involved. Furthermore, |
‘the solution algorithm vsed within the NGTDM requires prespecified supply curves (or fixed supply levels) at each

border crossing before solving. A short-term supply curve is generated for a single border crossing point, through.

“the use of the equations shown above, by holding the border prices for the other crossing points at their solution

- values from the prevxous NEMS iteration (or the prevrous year, in the first rteranon) 2 .

Supply 0urves for Domestlc Dry Gas Productron

"Most of the parameters for generatmg short-term supply -curves for dry riatural gas producuon are provrded to the
- NGTDM by the OGSM. The six onshore OGSM regions within thie contiguous United States do not generally share
common borders with the NGTDM -regions. As was done with the EMM regions, the NGTDM represents onshore

* supply” for the 17 regions resulung from overlappmg the OGSM and NGTDM regions (Frgure 3-6).

These supply curves are deﬁned as bemg net of lease and plant fuel consumpuon (r €. the amount of dry gas
available for market after any necessary processing and before being transported via pipeline). - Within the NGTDM,
dry gas production is delineated by two categories, nonassociated and associated-dissolved production. Nonassociated
gas is largely defined as gas that is produced from gas wells, and is assumed to vary in response to a change in the
natural gas price. Whereas, assocrated-dlssolved gas is defined as gas that is produced from oil wells, and ‘can be
i classrﬁed asa byproduct in-the oil producnon process \

Assoerated-Dlssolved Gas Produetlon

The producuon of associated-dissolved gas is estabhshed asa funcuon of the level of crude oil production (an output
of the Petroleum Market Model) and the relativeprice of natural gas at the wellhead to imported crude oil. Over
the short term, associated-dissolved production is assumed not to vary with a change in the price of natural gas
(except in as much as the oil production level might be indirectly impacted by a change in the pas price). The
Petroleum Market Model forecasts domestic crude oil production- by the 3 offshore and 6 onshore OGSM regions.
The NGTDM calculates associated-dissolved gas production for each of these 6 onshore regions and disaggregates
the resulting quantities into the 17 NGTDM/OGSM regions using historically based shares, as follows: -

2 An initial value is exogenously specified for CN_BRDPRC (Appendix E, Table E3). |
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ADGPRDON, = SHR_AD17,+ADG_TO_OIL, +(365.25+RFQTDCRD, )»PFACT - - M

. . PALPHA .
oowaNG,3_y_,/(rr_wopy-,/5.6)] |

with, PFACT = dhal
: PGAS_TO_POIL
. where, ’ ‘ .
ADGPRDON, =  associated-dissolved gas production for NGTDM/OGSM region r.(Bcf)
SHR_AD17, = assumed share of the related OGSM region’s associated-dissolved gas production
_ which is’in NGTDM/OGSM region r [Appendix F, Table F5 (fraction)] '
RFQ’I‘DC = the crude oil production in the related OGSM region o in year y (from the -
. " Petroleum Market Model in millions of barrels per day) -
. ADG TO OIL = - average historical (1987-1992) associated-dissolved gas production to oil production -
. ratio [Appendix F, Table F49 (fraction))
- PGAS TO PO]L w=-  average historical (1987 to 1992) natural gas. wellhead price to world crude oil price
- - ratio (0.6431) .
. PALPHA =  assumed parameter (0.191). ) .
OGWPRNG,3_,_1 = -average natural gas wellhead price in the lower 48 States in the prevrous forecast
- . year [the 13th array position holds the lower 48 State average]
l’l‘ WOP = average crude orl rmport price in the previous foremst year

[Note The form of thrs eqnatronwrll be modrﬁed in the near futm‘e]

- The equatron for associated-dissolved gas in the 3 offshore regions (ADPRDOF) is rdenucal to the onshore equauon
- once-the SHR_AD17 term is removed. Total domestrc producuon is the sum of nonassocrated and associated-
. dissolved producuon Co o :

i

\

Optional Funetional Forms for Nonassoeiated Gas Productlon Function S - "

The NGTDM mcludes the optron of selectmg one of three dtfferent functronal forms for the supply curve for
nonassocrateddry natural gas production (net of lease and plant fuel) in the domestic onshore and offshore regions.,
All three forms are constructed from a commoh key point (or price/quantity pair) which is based on an expected -
extraction rate, estimated in the OGSM The ! expected" or base pnoducuon level from an onshore region is-
mlculated as follows - . "

- BASE_Q, = —ooRESNGON,*o_GpakN'GoN,*PER ST )
whete, . . .. , _,\‘ Lo
. BASE_Q, = ‘.expected nonassocrated productron (net of lease and plant), NGTDM/OGSM regron .
" OGRESNGON,, = ' ,dry gas reserves at the begmnmg—of-year yin onshore NGTDM/OGSM regton r
- . -+ - (from OGSM in Bcf)- : N
OGPRRNGON,, = " expected extraction rate in year y from reserves in onshore NG’IDM/OGSM region
.. 1(from OGSM as fraction)
PER = 1-PCTLSE_SUPL, - PCTPLT_PADD, by @ factor for netung lease and plant fuel
. . . ' outof dry gas production (fraction) )
PCTPLT_PADD,, .= . percent of dry gas production which is- consumed in nawral gas processmg plant

operauons, for PADD’3 region p in year y (from the PMM as’ fractron)

Il

22Withm the FORTRAN code, the functions used to _generate supply curves for total dry gas productron mc]ude variables for

" associated-dissolved production, effectively shifting the nonassociated gas uction curves to the right along the quantity axis

. to create a total production ¢urve. (For convenience in the code, the synthetic producuon of. gas from coal is srmrlarly added

to the total production curve.) .. -

" 'BPetroleum Administration for Defense Drsu'tcts (PADD) are the regions modeled in the PMM. The PADD region whrch most

overlaps the indicated NGTDMIOGSM regton is used in this and other equations, as neeessary ) N
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PCTLSE _SUPL, =  percent of dry gas production which is consumed i in well, field, and lease operations _

[Appendix F, Table F2 (fraction)]
Note: For the offshore regions BASE_Q, = OGRESNGOF,; * OGPRRNGOF,,..

" The price (BASE_P) associated with BASE_Q is based on thie average solved for wellhead price in the region over

the previous two forecast years.* A multiplicative benchmark factor is applied in setting BASE_P to calibrate the
model to the 1994 and 1995 national average natiral gas wellhead price forecast in the Short Term Energy Outlook,
DOE/EIA-0202 (94/3Q). This factor was held constant (at 0.98) throughout the forecast period (Appendix F,.Table
F44). The amount the production will vary from BASE_Q is-a function of how different the wellhead price (at
Wthh the function is being evaluated) is from BASE_P. The calculation of the additional quantity of producuon
EL_Q,)* which would result at a given wellhead price (VALUE) is dxfferent under each of the three options.2

,Optxons one and two are presented below, with option 3 following.

Option 1:
) DEL_Q, = BASE_’_QI*OGEI..SNGONW*(\‘/ALI}E-BASE_I?x)/IBASE;P, - . A §9)
whers, | ' S ”
OGELSNGON Wj: estimated short-term price elasueny (from OGSM), for offshore regions ths variable
; OGELSNGOF is used o .
Option 2 .‘ i
* DEL.Q, = BASELQ, +ELAS #(VALUE-BASE_P)/BASE P, S ao)
' ‘whete, ' '
If VALUE 2 BASE_P

ELAS = PARM SUPCRVZ,, (user speclﬁed short-term price elasuaty, assumed to be less than one,

Appendlx F, Table F37)
If VALUE < BASB P : ‘ '
- ELAS - PARM . SUPCRV2,, (user specxﬁed ‘short-term price elasucxty, assumed o be greater than
one, Appendxx F Table F37) .

Option‘1 is symmetric for price increases and decreases. Opuon 2 assumes producnon responds more strongly to
price declines than to increases. ‘The Justlﬁcauon for incorporating a different elasticity above and below the
"expécted” production level on the supply curve is that producers have a vested interest in selling close to their

.planned for or expected ‘production level. Much lower than anticipated gas sales do not allow the producer the -

necessary cash flow to stay in business. . In such cases, prices would be lowered enough to increase sales and

- resulting revenues. However, there are practical upper limits on the rates of extraction from reserves, musmg an

upward push on the price when there are market pressures to produce at elevated extraction rates.

Option 3.is a combmauon of Opuons 1 and 2. Ind close range around the base point (plus or minus an assumed
percentage —PARM_SUPCRV3,— of the ‘base quantity), the short-term wellhead price elasticity

(PARM_SUPCRV3,) does not change from one- side of the base point to the other (as in Option 1), but is assumed
“to be highly inelastic. Outside of this range, the short-term price elasticities are set to the same values used under
Option 2. However, these segments of the curve are shifted (left, below the base price, and right, above the base .

pnce) to intersect the end pomts of the segmem of the curve runmng through the base point, as follows:

1

#For the first fmesast year, the value for BASE_P is set to the 1989 national average wellhead price (Appendix E, Table E2).-

"BIf DEL_Q, is negative, the restlting production level will be less than BASE_Q.
,3A model user can select one of the three functional forms for the supply curves by setting the variable TYP_ SUPCRV equal

o enher 1, 2 or3, accordmgly For generating the forecast pubhshed in the Annual Energy Outlook 1994, opuon 3 was selected.
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Option 3:
DEL_Q, = (BASE_Q*PARM) + (1+PARM)+BASE_Q +ELAS+(VALUE-BASE_P)/BASE_P, (11)
" where, . .

If VALUE is within. the range BASE P, + (BASE P, * PARM _SUPCRV3, / PARM SUPCRV32) ’
PARM .= 0.
-ELAS = PARM SUPCRV32

If VALUE is greater than BASE_| P + (BASE P * PARM SUPCRV3l / PARM SUPCRV3,)
: -PARM + PARM SUPCRV3, ‘ -
M PARM: SUPCRVZ-, ’ .

IfVALUE is less than BASE P, - (BASE. P * PARM SUPCRV3, /PARM SUPCRV3,) ) .
s PARM--PARMSUPCRV3, , S

%, ~ELAS = PARM SUPCRVZ

. “The assumed values for all of the parameters and: elasucmes shown above are presented in Appendix F
Table F37. - . R ) o .

Figure 3-7 gtaphlcally deprcts an example of how a region’s supply curve would appear under each of the three
opuons : . .

- After. estabhshmg a value for DEL_Q, for a specxﬁed wellhead pnce ina glven region, the correspondmg total dry
gas producnon would be calculated as: - ;

where,

NGPRD I.48 dry gas producuon in onshore NGTDM/OGSM region r (Bcf) - -

For an offshore reglon, the correspondmg vanables usedi in the code are NGPRD_ OCS and ADGPRDOF (with PER
set to 1).

.For control pmpoSes, upper and lower hnuts are placed on the nonassoclated dry gas producuon levels estabhshed
" .within the NGTDM. The lower and upper limits imposed on nonassociated gas production’in each NGTDM/OGSM
onshore-and offshore reglon are BASE_Q tnnes PARM MINPR and PARM MAXPR. respecuvely (Appendlx F,
Table Fll) ) . . : .

Alaskan Natural Gas Module

"Current]y natural gas whxch is produced in Alaska cannot be transported to the Lower 48 States ‘via p1pehne .

" Therefore, the production and consumption of natural gas in Alaska'is handléd separately within the NGTDM from
the contiguous States. The NEMS demand mode]s provide a forecast of natural gas consumption for the total Pacific
Census Division, which includes Alaska, Within the NGTDM Alaskan natural gas consumption for all sectors is
estimated and is subtracted from the-core market consumption levels in the Pacific Division for deriving estimates

“of contiguous Pacific Division consumption levels. The consumption of gas by Alaskan residential and commercial

. customers is a function of a forecast for the number of customers (exoeenously derived) and the landed cost of crude

- oil 1mports (foreeest thhm ‘the NEMS) .

ads :ElglModel_ Doeun_lenlatloni Natural Gas. Transmission and Distribution Model Volume |
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7

(res): QALK NONU_F -EXP(AK C )*WOPLAG”‘ C‘-rAK _RN%71000. 3 .

;

(com): QALK_NONU_F -EXP(AK D,)*WOPLAG**:sAK; CN”””/moo - N ¢ L
" where, ' '
QALK_NONU_F,, =  consumption of.natural gas by residential (d—]) or commercml (d=2) customers in
.7 - . Alaska (Bcf)
WOPLAG = landed cost of crude oil in the previous forecast year [the 1989 value used in
L -, forecast year 1990 is a data input, Appendix E, Table E18) (dollars per barrel)
"AK C = estimated parameters for residential consumption equation (Appendix G, Table G1)
AK D = estimated parameters for commercial consumption equation (Appendix G, Table G1)
AK RN, = number of residential customers. (exogenously specified, Appendix G, Table G2)
AK_CN, -—f “.number of commerc:al customers (exogenously specified, Appendlx G, Table G2)
 The consumpnon of gas by Alaskan mdustnal customersls a ﬁmcuon of the landed cost of crude oil- nnports and
tnne‘ - . .
- (ln_d) QALK NONU_ F =4 AK E +(AK E ,*WOPCUR)+(AK E,*(T)) ) / 1000. - 15
where, : ‘ ‘
QALK_NONUF, .= consumption of natural gas by industrial customers (d=3),. ®H . .
. WOPCUR =" average national landed cost of crude ‘ol in the current forecast year [the 1989 value
- - used in foremst year 1990 isa data mput, Appendix E, Table E18] (dollars per .
) " barel) \
. AKE = - -estimated parameters for mdustnal consumpuon equanon (Appendix' G; Table G1)
- = - time parameter, whtre T=1 for 1969 (the first historical data pomt) .and

‘T=CNTYR+21 in forecast year CNTYR (where CNTYR equals 1 for 1990, 6 for . -
1995, etc).

The use of namral gas in oompressed natural gas vehicles in Alaska is assumed to be neghglble

At a secloral level, Alaskan consmnpuon is dxsaggregated into the total dehvered to customers in South Alaska

* (AK_CONS_S) versus a North Alaska (AK_-CONS_N) total using historically denved shares (Appendix F, Table
F10). This distinction is needed for the derivation of natural gas production forecasts for the north and south regions
. [not accounting for the additional producuon necessary should the Alaskan Natural Gas Transportation System

(ANGTS) open]. as follows

A (s. AK): AK_PROI)f,_

(N. AK): AK_PROD,,

where,

1 '3-20

AK_PROD,
AK_CONS_S
AK_CONS_N

. EXPIAP

AK_PCTLSE,.
. AK_PCTPLT,

P T

.

T}

= (EXPIAP+AK CONS;_S')/(I—AK PCTLSE, ,-AK pcm:r - qae

|

" AK_PCTPIP, )
= AK_CONS_ N / (I-AK PCTLSE -AK PC’I'PLT -AK__PC’I'PIP,_) an

dry gas production in South (r=1) or North (r=2) Alaska (Bcf)

total gas consumption by customers in South Alaska (Bcf)

total gas consumption by customers in North Alaska (Bcf)

quantity of gas liquefied and exported to Japan (from OGSM in Bcf)

assumed percent of gas producnon which is consumed in lease operations in regxon

T (fracuon)

assumed percent of gas producuon whxch is oonsumed in plant operauonsm region

r (fracnon)

[
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AK-PCTPIP, = ‘assumed percent of gas productfdn which is consiimed as pipeliné fuel in region r
(fraction) )

The variables for AK_PCTLSE; AK_PCTPLT, and AK_PCTPIP are based on historical. percentages (Appendix F, .
" Table F7) and are held constant throughout the forecast, with the exception that PCTLSE is decreased by 50 percent
should ANGTS become fully operational. (These variables are also used to estimate the consumption levels for
pipeline fuel and lease and plant fuel in Alaska.) The OGSM provides a forecast of natural gas exports to Japan,

- the Jevel of flow through ANGTS which would reach the contiguous U.S.-border when and if it is connected, and

the maximum production level for South Alaska (currently used only as a verification check in the NGTDM). The
production of natural gas in Alaska which is necessary to support ANGTS is derived'in the NGTDM using the flow
level at the border established in OGSM, and assumed values for PCTLSE, PCTPLT, and PCTPIP related to _
. production to be marketed via ANGTS. ' - .

Estimates for natural gas wellhead and end-use prices in Alaska are roughly— estimated in the NGTDM for proper
accounting, but have a very limited impact on the NEMS system. The average. Alaskan wellhead price over the
North and South regions (not accounting for the impact should ANGTS be connected) is calculated as: ‘

. AK_WPRC = AK_F,+(AK_F,*WPRLAG)+(AK_F,#(AK_PROD, +AK_PROD,) ‘ a8y

where, i
' average Alaskan natural gas wellhead price (dollars per Mcf)

dry gas production in Alaskan region r (1=South; 2= North) (Bcf)

average Alaskan natural gas wellhead price in previous forecast year (dollars per

-Mcf) [the 1989 value used in forecast year 1990 is-a data input, Appendix E, Table
- E18] - . : o " R ' .
AKF = estimated parameters (Appendix G, Table G1)

;. AK.WPRC
AK_PROD,
WPRLAG

‘,
N o
.

However, if ANGTS is connected, the wellhead price in North Alaska is overwritten to be equal to the price at the
U.S./Canadian border crossing point, most representative of where ANGTS will connect, plus.an assumed markup,
With the exception of the industrial sector, end-use prices are sét equal to the average wellhead price resulting from -
the equation above plus a fixed markup (Appendix F, Table F8). The Alaskan-industrial sector price is calculated

- -

PALK_NONU_F, = AK_G, +AK_G;*WOPCUR) R B ¢ )

where,” . . :
price of natural gas to" Alaskan industrial customers (s=3), (dollars per Mcf)
landed price of cfude oil in current forecast year (dollars per barrel)
estimated parameters (Appendix G, Table G1) CT

. PALK 'NONU_F, -
WOPCUR
- . AKG

. Historically, the industrial price was shown to vary more in response to the crude oil price and much-less in response »
to the natural gas wellhead price. - : O

N - -

———
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4. Overview of Solution Méthodology B

- The previous chapter described the function of the NGTDM within the NEMS. This chapter will present an

overview of the NGTDM model structure and of the methodologies used to represent the natural gas transmission
and distribution industries. First, a detailed description of the network used in the NGTDM to represent the U.S.

- natural gas pipeline system is presented. Next, a general description of the interrelationships between the modules

- within the NGTDM is presented, along with an overview of the solution methodology used by each module.

'NGTDM Reglons and the Plpelme Flow Network

: General Descrlptlon of the NGTDM Network

’

-In the NGTDM a transmission and drsmbunon network (Frgure 4-1) srmulates the mterregronal flow of gas in the

contiguous United States. This network is a simplified representation of the physical natural gas pipeline system and
establishes the possible interregional transfers to move gas from supply sources to end-users. Each NGTDM region
contains one transshipment node—a junction point representing flows coming into and out of the region. Nodes have
also been defined at the Canadran and Mexican borders. Arcs connecting the transshipment nodes are defined to
represent flows between these nodes; and thus, to represent interregional flows. ‘Each of these interregional arcs
represents an aggregation of pipelines that are capable of moving gas from one region into another region.

" Bidirectional flows are allowed in cases where the aggregation includes some pipelines flowing one. direction and

other pipelines flowing in the opposite direction.? Bidirectional flows can also be the result of duecuonal flow
shifts within a single prpehne system due {o seasonal vanauons m ﬂows .

Flows are further represented by establrshmo arcs fmm the transshrpment node © each demand sectorlsubregron .
_.Tepresented in the NGTDM regron A demand group in a particular NGTDM region can -only.be satisfied by gas

flowing from that same region’s transshipment node. Similarly, arcs are also established from supply points into
transshipment nodes. The supply from each NGTDM/OGSM region is directly-available to only one transshipment
node, through wlnch it.must first pass if it is to be made available to the interstate market (at an adjommg

transshrpment node)

. Frgure 4—2 shows an illustration of all possrble ﬂows into and out of a transshipment node. ‘Each transshrpment node

has one or more arcs to represent flows from or to other transshipment nodes. The transshipment node also has an
arc representing flow to each end-use sector in the region (residential, commercial, industrial, electric generators, and -

" transportation), including separate arcs to each electric generator subregion. -Arcs are also established from nodes

at the international borders to represent exporis. Each transshipment node has one or more arcs flowing in from each
supply source represented. These supply points may represent- ‘onshore or offshore producuon, liquefied natural gas
imports, synthetic natural gas production, gas produced in Alaska and transported via the Alaska Natural Gas
“Transportation Systein, or Canadian or Mexican imports in the region. In addition, each onshore supply region also

includes any synthetic natural gas produced from coal,.as well as other supplemental supplies. Finally, annual net '

underground storage withdrawals, transported under ﬁrm and mtermpuble servrce, are accounted for at each
transshipment node. .-

Once all of the types of end-use destinations and supply sources are defined for each transshipment node, a general
network structure results, Each transshipment node does not necessarily.have all supply source types flowing in,
or all demand source types flowing out. For instance, the transshipment nodes at the Canadian border may only have
Canadian supply defined going into the node. . Additionally, some transshipment nodes will have liquefied natural

gas available while others will not. The specific end-use sectors and supply types specified for each transshipment

”H:stoncally. one out of each parr of bidirectional arcs in Fxgm'e 4-1 represents a relauvely small amount of gas flow durmg
the year, -These arcs are referred to as "the bidirectional arcs” and are identified as going from 910 8,110 8,410 8,110 7,
4t07,3104,5t06,5t103;,2103,21035, 6to7 and 1to 2. Mrm.mumﬂowsconstramtsareestabhshedforthesearcsat

hrsmncally obsewed ﬂow levels
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Figure 4-2. Transshipment Node .
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node in the network are listed in Table 4-1. This table also md:cates in tabular form the mapping of Electnctty .
Market Model regions and 011 and Gas Supply Model regxons to NG'IDM regions, (Flgures 3-4 and 3-7 in Chapter
3).

" As described in earlier chapters, there are 51gmﬁcant dlfferences in market structure and dynamrcs between the firm °
and interruptible service markets. The basic network structure separately represents the flow of gas within the firm
- and interruptible service markets within the Annual Flow Module. Conceptually this can be thought of as two
parallel networks, with three areas of overlap. First, the firm arid interruptible transmission service flows along each
arc are interrelated and their sum is constrained to the pipeline capacity available along the arc. Second, the firm

. - and interruptible service networks share common supply sources. At each supply source there is a single price

- regardless of whether the supplies are used to meet core or noncore demand (or both), because it is assumed that
- the supply component of the market will remain fully competitive.® Third, the quantity of net injections transported
under interruptible service into underground storage is equal to the net withdrawals from storage in the same region
-that are to be transported undér firm service. The actual levels of underground storage injections and withdrawals

- associated with the firm and interruptible service markets are determined-within the Capacity Expansxon Module

£
3

(since it contains a seasonal representanon) and used wnhm the Annual Flow Module ‘

Fs

speclfications ofa Netwark Arc . . ‘ .

Each arc of the network has assot:tated parameters (inputs) and model vanables (outputs) The parameters that deﬁne e

-an arc are the pipeline direction, available capacity, the tariffs, the percentage of gas which travels -on the arc that
is lost or used (in power compressor stations) along the way, a mileage indicator, and a'minimum flow level (Figure
-4-3)." In the case of bidirectional arcs, the arc with an htstonmlly lower flow rate is identified as a "bidirectional”
arc for spec:al handhng . . , \ .

Once a model solutlon has been reached (Le the quanuty of the natural gas ﬂow along each mterregtonal arc is
determined), pipeline fuel use associated with mtemegxonal transfers (from transshipment node to transshipment node)
can be. computed for each arc by multiplying the percentage loss of gas (given by the efficiency parameter) by the

flow along thearc, In tumn, the emissions (carbon, carbon monoxide, carbon dioxide, sulfur oxides, ‘nitrogen oxides,
volatile organic compotnds, and methane) assoctated wrth the consumpnon of pipeline. fuel -can be esumated
(DetaﬂsaregtvenmChapterS) . . X . :

For the firm service market the prpehne tariff (mdtcated as "TAR" in subsequent equanons) isa funcuon of two basic |
‘parameters: a‘usage fee and the revenue ‘the pipeline is collecting from customers who have reserved capacity on
‘the pipeline. Since the NGTDM does not explicitly represent the capacity reserved on a pipeline, this revenue is
allocated over-the amount of gas that-is expected to flow on the -arc rather than the amount of - -space reserved.

‘Therefore, the reservation fee (the per-unit fee for reserving capacity on a pipeline) is not explicitly calculated. . It
. is instead approximated as the total revenue from-reservation fees divided by-the amount of gas expected to flow.

- Thus, the total pipeline tariff for the firm service market is the sum of the usage fee and this approximation of the
reservation fee. For the mterrupuble sérvice market, the tariff parameter is simply a per-unit usage fee (as specified

) by the Pipeline Tanff Module) It is.not necessary for.the firm and mtemrpuble usage fees to be equal. -

For the arcs from the uansshxpment—nodes to the end-use sectors, the parameters deﬁned are mpacmes, tariffs, and'
'the percentage of gas used in compressor stations. The tariffs represent the sum of several charges or adjustments,
including interstate pipeline tariffs in the region, tntrastate pipeline tariffs, and distfibutor markups when apphmble

“The model variable associated with each of these arcs is the flow along the arc, which is equal to the amount of
demand satisfied plus gas consumed in compressor stations. For arcs from supply points to transshipment nodes,
the parameters are capacities, tariffs, minimum flows, and compressor station usage. In this case the tariffs represent
gathering charges and can also be used to represent an annual differential between supplies satisfying core versns

' L

28Due in part to the seasonal load differences between core and noncore consumpuon, there are reasons to believe that the
supply prices to ‘the two markets are different on an annual basis. Structurally, the model is designed to handle such a supply
price dxfferennal, but the suppornng ‘data have yet to be developed. :
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" Table 4-1.

Demand and Supply Types at Each Transshipment Node in the Network

Went’ . Demanc_-! Types - Supply Types
. Node ’ -
1 R, C, I, T,U@1m7) P(1/1), LNG Everett Mass.
2 R.C, 1, T, U@e), U@3) P(2/1)
. 8 R, C, I, T, U@NM), U@BM4) - P(3/1), SNG
2 R, C.1,T,U@hk), U@o)  |P@a), Pan) .
5 R, C, |, T, U(571), U(5/3), U(5/9) | P(5/1), LNG Cove Pt Maryland, LNG Elba
: o Island Georgia, Atlantlc_Offshore
6 R, C, I, T, U(6r1), U(6/9) P(6/1), P(6/2) _
Y R, C, 1, T, U(7/2), U(7/10) P(7/2), P(7/3), P(7/4), LNG Lake Charles
4 7. Louisiana, Offshore Louisiana, Gulf of -
. L . .. - {Mexico
: “ -8 . |R G|, T, U(e/11), U(8/12) - P(8/5) ' .
|| ) IR, C, I, T, Ugn1) IO -]
u 10 R, G, 1, T, U(10/8) P(10/2) ‘ : - "
11 R,C 1T U1112) P(11/4), P(11/5) - ||
| 12 R C, T U(213) .~ P(12/6), Pacific Offshore - ' ||
I 13 Canadian Exports Canadian Imports L "\
| . 14 Canadian Exports. Canadian Imports ‘ "
l 15 Canadian Exports Canadian Imports =~ I
. 16 Canadian Exports Canadian Imports - 4 RE ||
y 17 Canadian Exports - - . |Canadian Imports R
| 18 Canadian Exports = _ . | Canadian Imports, Alaskan Supply _ "
' .-19 | Mexican Exports Mex_ican imports © - -
20 Mexican Exports . |Mexican Imports * o " o
| 21 Mexican Exports _ Mexican-imports . S Il

R Residential demand C- Commercual demand - lndustnal demand T- Transportatlon

demand

U(n1/n2) - Electric generator’s demand in NGTDM/EMM region (n1/n2) as shown in Figure.3-3
. P(n1/n2) - Production -in ‘NGTDM/OGSM region (n1/n2) as 'shown in Figure 3-6 (also includes
synthetic natural gas from coal and other supplemental supphes)

LNG

Liquified Natural Gas

SNG - Synthetic Natural Gas from liquid hydrocarbons
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Figure 4-3.  Network Parameters and Variable§ .
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noncore demands.”” Minimum flows are sel on supply arcs’ by splitting the assumed minimum’ production levels

for each source (described in Chapter 3) into firm and interruptible components based on the relative levels of core °

and noncore consumption in the Lower 48 States. Although capacity limits can be set for the arcs to and from end-
use and supply arcs, respecuvely, the current version of the model does not impose such limits on the flows along
- these arcs,

In an effort to represent potential interruptions in transportation service to the noncore market, a "relief valve" was
put in the system. The noncore demand requirements can optionally be met through a highly priced "backstop”
supply source, which is made directly available at the end-user nodes. Backstop supply is designed to be used only
in the event that pipeline capacity (exlstmg plus capacity to be built for the firm service market) is not sufficient to
meet the noncore demand requirements. Backstop supply displaces noncore consumption which would be expected
. mot to-transpire in the Annual Flow Module due to fuel switching or generally lower consumption levels in response
to higher gas prices. The incorporation of backstop supply isa modelmg tool and is not intended to represent a real

. suppiy source.

“Note that any of the above'parameters, supphés, or demands may ’beﬂset equal to zero. For instance, some pipeline

arcs;may be defined in the network that currently 'have zero capacity where new capacity is expected in the future.
On thé other hand, some arcs such as those to end-use sectors are defined with infinite pipeline capacity becaust the

"+ model does not t’orecast limits on the flow of gas from transshipment nodes to end users.

N

Overvnew of the NGTDM Modules and T helr Interrelatlonshlps

'I‘he NEMS generates an annual forecast of the outlook for UsS. energy markets for the years 1990 through 2010
Although the NGTDM is executed for each iteration of each forecast year solved by the NEMS, it is not necessary
. that all of the individual components of the model be executed for all iterations. Of the NGTDM’s four components
or modules, the- Capamty Expansion Module and the Pipeline Tariff Module are executed only once per forecast year.
‘The Annual Flow Module and the Distributor Tariff Module are executed every iteration of each forecast year. A
process. dlagmm of the NGTDM is prowded in Fxgure 44, showing the general calling sequence. o

_ The primary funcuon of the Capaclty Expansxon Module is to forecast mtcxregtonal pipeline and underground stomge
expansions and basic seasonal load proﬁles Using this information from the Capacity Expansion Module and other
" data, the Pipeline Tariff Module uses-an accountmg process to derive interregional and intraregional pipeline tariffs
for firm and interruptible transmission service to be used in the Annual Flow Module and the Capacity Expansion
Module. The Distributor Tariff Module provides distributor tariffs for use in the Annual Flow Module and the
Capacity Expans:on Module. * The Distributor, Tariff Module must be called each iteration because some of the

distributor tariffs are based on alternate fuel prices (e.g., residual fuel.oil) which may change from iteration to
iteration, Finally, using the information provided by other NGTDM modules and other NEMS models, the Annual -
Flow Module solves for natural gas prices and quantities which- reflect a market in ethbnmn for the ‘current

forecast year. A brief summary of each of the NG'IDM modules follows.

“The Annual Flow Module o

The Annual Flow Module (AFM) is con31dered the central module within the NGTDM thh the Capacity Expansion’

Module, Pipeline Tariff Module, and Distributor Tariff Module (in addition to other NEMS models) providing it with
critical information. 1Its objective is to determine the market equilibrium associated with natural gas supplies,
demands, and transportation- costs, thereby generating supply and end-use prices and production lévels for use by
. other NEMS models. Formulated as a linear program, the AFM determines a market equilibrium by maximizing
the sum of consumer and producer surplus, while minimizing transmission and distribution charges, subject to system
constraints. As the name jindicates, it has been designed to represent annual flows from supply points to demand

points travéling along a pipeline network. As defined above, the metwork in the AFM represents firm and

Tariffs on the supply arcs are currently set to zero.

i
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Figure 44, NGTDM Process Diagrarﬂ
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interruptible service markets separately along parallel networks, connected only at the supply points and through
capacity constraints along the network arcs.

To accomplish its goal, the AFM uses regional price curves to represent regional supplies and demands. These

" curves represent linear approximations of the price response that can be expected from the more detailed NEMS

“models that provide the parameters used to build the curves. Each forecast year the Oil and Gas Supply Model
provides the parameters to build the supply curves, and eachi iteration the demand models provxde the parameters
to build the demand curves. -

The Capacity Expansion Module, Ptpelme Tariff Module, and D1str1butor Tariff Module also provide data required
by the AFM. The Capacity Expansion Module provides pipeline capacity additions, pipeline utilizations for firm
flows and total flows, and net storage withdrawal levels associated with the firm and interruptible service markets.
The Pipeline Tariff Module calculates interregional and intraregional pipeline tariffs for both firm and interruptible
service, Similarly, the Distributor Tariff Module prowdes the AFM with markups for local distribution and mtrastate
‘ transponatlon services.

Annual firm flow results from the AFM are provided to the Plpelme Tariff Module and the Capacity Expansion l
Module. The Capacity Expansion Module uses these flows to set minimum flows for its capacity expansion forecasts -

and the Pipeline Tariff Module uses them to determine realized revenues and in setting unitized pipeline tariffs. The
AFM also provides the Ptpelme Tariff Module wnh realized tariffs (see Chapter 5) along each arc in the network
provxdmg mterrupuble service.

The Capaclty Expans:on Module
The Capactty Expansion Module (CEM) is the only module in the NGTDM that includes a. seasonal representauon

. Of the natural gas market. In each NEMS forecast year, the CEM -determines incremental pipeline and storage
capacity required to satisfy expected firm service demands in a future year based on ‘an analysis of the expected

supply, storage, and transportation requirements. The peak and off-peak seasons are analyzed, concurrently within -

the CEM, to determine pipeline and storage capacity needs. ' The storage decision affects the need for pipeline
. capacity upstream from the.storage facility and influences the relative utilization of the pipeline between the peak
and off-peak seasons. A brief description of the seasonal network used in the’CEM is presented next, followed by
an.overview of the model soluuon methodology

Seasonal Network Representatlon in the Capacity Expansion Module

The basic network structure defined for the CEM is nearly identical to the general NGTDM network described above, '

- with the exception that a two-period (peak and off-peak) representation of the annual market i is now being modeled.
. The' "peak period” is defined as the months in the year with distinctly higher levels of natural gas consumption on

a national basis.® As'in the Annual Flow-Module, interregional flows 1o satisfy firm transmission service are -

handled separately from the flows to sat1sfy mterrupuble servwe, both in the peak and off-peak periods.

Conceptually the Capacity Expansmn Module con51sts of four pa.rallel networks. Each network represents the flow
of gas.either during the peak period under firm service, the off-peak period under firm service, the peak period under
interruptible service, or the off-peak period under interruptible service. Interaction between the two periods occurs

primarily through the use of storage. Arcs are established from each off-peak firm and interruptible transshlpment ‘

node to the storage point in the region to represent storage injections. Likewise, arcs are established from each
storage point into the associated transshipment nodes in both the finn and interruptible peak period networks. These
arcs represent storage thhdrawq’Js in the peak period to be transported under firm and interruptible service to satisfy
core and noncore demands, respecuvely An addmonal link between the two periods occurs due to the existence of

""l‘he data inputs to the Capacity Expansion Module define the months designated as peak versus offpeak. Currently the data -

‘the Capacity Expansion Module reflect a peak period from December through April. Due w0 a lag in the reporting of monthly
,::nonsumpgon c){ata,pNovember falsely appears to gen "nonpeak” month. ThlS should be corrected 1n the future once a method
is developed for generaung adjusted monthly consumption data. ) .
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annual supply sources as opposed to separate peak. and off-peak supply. Thus, supply from each supply source in
a region is available to both the peak and off-peak transshipment node in the region, and arcs are established to allow *
for these flows. An illustration of the two-penod network is shown in Figure 4-5 for a base network with three
transhipment nodes. For. s1mphc1ty, the example does not show the funher disaggregation of the netwoik into its
- firm and mterrupu’ble components. . :

"Overview-of the CEM Soluhon Methodology

The functional reqmrement for the CEM is to make natural gas plpelme and storage capacity expansion dec1s1ons

and to estimate con'espondmg pipeline and storage utilization levels based on assumptions similar to those used by

. the natural gas industry. The CEM has been designed-as a seasonal natural gas transportation model, with storage
serving as a link between supplies and seasonal demands. ‘As with the Annual Flow Module, both firm and
intertuptible services.are also represented. Formulated as a linear program, the objective is to minimize production

".and transportation costs, as well as costs associated with pipeline and storage expansion decisions. Although the
‘basic network structure, its parameters (inputs), and its model variables (outputs) have been desxgned to be snmlar
10 that i in the Anfual Flow Module, some elements had to be defined as seasonal.

The CEM is executed within the NG’I'DM once at the end of each forecast year to determme the pipeline and storage °
expansion which will come on line "n" years in the future. Capacity is expanded to accommodate the transmission
. - service needs of core-consumers that are expected: to occur in.that year. The parameter "n" represents the average
‘number of years in which the decision to expand capacity cannot be reversed due to contractual obhgauons The
.results generated by the CEM during the current forecast year do fiot affect the’ current forecast year’s market

- solution, but are used in the Annual Flow Module and the Pipeline Tariff Module when the NGTDM determmes a
’ natmal gas market ethbnum solution for the n® year in the future. - ' -

'The data mputs for the CEM from the NEMS system include macroeconomic parameters from the Macroeconomxc
-Activity Model of NEMS, as well as expected values for natural gas consumption levels in future years; The NEMS
Integration Routine provides the CEM with estimates of future natural gas consumption levels for the nonelectric
sectors, while the Electricity Market Model estimates future consumption by electric generators based on existing
and planned electricity generation plant capacities. Parameters are provided by the Qil and Gas Supply Model to -
the CEM for estimating potential future supply levels. In addition, minihum interregional firm service flow
- constraints (based on Annual Flow Module solution values in the previous forecast year), are set in the CEM to
‘represent the inertia of core customers from annually switching plpelme routes used in transporting their natural gas
{e.g., due to long-tetm contract eommltments) ’

The CEM uses the. same reglons and end-use sectors deﬁned within the Annual Flow Module However, the Annual
. Flow Module is-an annual model; whereas, the CEM requires a seasonal analysis to represent more accurately the
‘decision to expand pipeline and/or storage capacity to meet peak-day core market demands. The CEM inclides a
-methodology for converting from annual to-seasonal (peak and off-peak) consumption levels, as well as a means for
.capturing core peak-day requirements in the capacity expansion decision. The factors for estimating seasonal load
patterns are historically based model inputs which are held constant throughout the forecast in the current model. -
‘Future model enhancements may allow for the representation of structural changes. in seasonal consumption pauems
(e.g. demand side management, changing. building strucmres, and/or technologlcal umovauons)
Dry gas producuon is represemed in the CEM with a price responsive equation (or curve) developed from inputs
from the Oil and Gas. Supply Model. Although the supply representation within the CEM reflects annual levels, the
formulation allows for upper bounds to be set'on the level of supply available within the peak or off-peak period
.from each supply source (formulated as the annual supply times the percentage of the year represented by the given
period). Furthermore, the seasonal variation in wellhead prices is accounted for by including a positive adjustment

“tariff" on the arcs connecting a supply source to the peak'period network and a negative adjustment factor on the
arcs to the offpeak penod network (Appendxx F, Table F43). . .

The Foreign Natural Gas Module of the 011 and Gas Supply Model sets plpehne capacity lmuts on the pxpelmes that
,cross the Canad.tan border at the six border crossmgs specxﬁed in the Annual Flow Module. These capacmes are -
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used to estabhsh capacity expansron requxrements for the connecting’ pipe on the U. S side of the border, and as a
basis for setting the potential flow of gas across the border thhm the. CEM. :

Storage. is used to sausfy peak season consumption by mjectmg gas‘mto storage in the off-peak period and
* withdrawing the gas during the peak season. Thus, storage is considered a supply 'source in the peak period, and

a demand requirement in the off-peak period. This limits the amount of off-peak capacny that is available on an
. mtenupuble basis for consumpuon in the penod ; .

The Pxpehne Tariff Module- provrdes interregional pipeline tariffs and storage charges associated with existing and
. incremental expansion of regional pipeline and storage facilities. This information is sent to the CEM in the form
- of storage and pipeline "capacity supply curves.” These "capacity supply curves" are based on exogenously specified
capttal oost curves for expansxon andon macroecouomrc parametets from the NEMS Macroeconomic Acnvxty Model.

If the CEM determmes that prpelme (or storage) capacity v w1ll be added, the Plpelme Tariff Module will in turn adjust’

-the associated revenue requirements (and _resulting tariff parameters) for the year in which the new capacity is
. scheduled to come on-line to account for the expansion costs. In addmou, the pxpelme capacities and seasonal
utiliZation patterns established in the CEM are used in defining maximum annual interregional flow constraints in
- ‘the Annual Flow Module, reflecting the impact of the variation in seasonal demand on pipeline loads. The seasonal
storage injections and withdrawals are used as a basis for setting annual net storage withdrawals by core’and noncore -
" customers in the Annual Flow Module. The' Pipeline Tariff Module also uses the levels of storage and pipeline

" capacity expansion established in-the CEM when determeng the associated cupltal expeudltures (an input to the a

} Macroeconomxc Actmty Model of the NEMS)

y

. _The Pipeline Tariff Module ‘

.The Prpelme Tariff Module (I’IM) is executed within the NGTDM once each foremst year to calculate pipeline and_
- storage tariffs for the Annual Fiow Module and the Capacity Expansion Module. -The tariffs calculated within the

PTM are computed for mdmdual pipeline companies and are then aggregated as required. An accounting system -

is used to track costs and compute rates under various rate desxgn and regulatory scenarios. ‘Tariffs are computed
* for ‘both storage and firm’ and interruptible transportation services. - Transportauon tariffs are computed -for
. mtenegronal arcs defined by the NGTDM network. These network tariffs represent an aggregation of the tariffs for
individual pipeline companies supplying the network arc. Storage tariffs are. defined at regional NGTDM aetwork
.trahshipment nodes, and likewise, represent an aggregation of individual storage company tariffs. These tariffs are -
for uansmtssxon servrces only and.do not mclude the price of gas.

¢

- More specxﬁcally, the P'I'M computes (l) xeservauon costs assxgned to firm_ transportauou service customers, (2)

" - usage fees for firm  transportation service, (3) mmxmum transportation rate for interruptible service, (4) maximum

transportation rate for interruptible service, and (5) rates for storage service. For fully regulated services, cost-of-
service based revenue requirements are computed by the PTM and are used within the Annual Flow Module to price
" transportation services. Where markets are-competitive or are loosely regulated (i.e., interruptible transportation),.
" the Annual Flow Module uses a margmal pricing structure which incorporates maximum and minimum rates for
service, set by the PTM in determining the actual rate charged: The resultmg 1ate shonld be-within the bounds of
the mxmmum ‘and maximum rates computed by the PTM 31 . ’

Thei 1mpacts of the capactty expansron decisions made in the Capacity Expansion Module are reﬂected in the pipeline
tariffs computed by the PTM. The Capacity Expansmu Module determines the location and quantities of additional
-pipeline capacity and storage facilities -at the aggregate level represented by the NGTDM network. Inten'egronal
‘pipeline or regional annual storage capacity expansion requirements are provided by the Capacity Expansion Module .
to the PTM Also, since capacity expansion decisions need to take into account the marginal changes in pipeline
tanffs in response to mcreased capual reQutremems, the PTM initially establishes tanffs (reservation fce) associated

A

3The NGTDM compares, the effecuve tariff (i.e., the dtfference between the price at two adjoining nodes) to ascertain if the ’
‘limit was violated.” Currently the model does not have a correcting mechanism if the constraint is violated and simply reports
the occurrence in a report A more proper response mechamsm will be employed in subsequent versions of the model .
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with a series of incremental expansxons Many of the- calculauons of components of the revenue requuements require |
the use of macroeconomic variables that are provided by the NEMS Macroeconomic Activity Model

" The Distributor -Tarlff Module

The Distributor Tanff Module (DTM) determines markups for dxstnbuuon and intrastate uansportanon services
provided by local distribution companies and intrastate pipeline compames Empirically derived or value-of-service
estimated volumetric charges are determined by the DTM and are used within the Annual Flow Module as markups .
- for local distribution and intrastate transportation services. The markups represent an incremental charge added by
local distribution companies and intrastate pipeline companies and passed to the end user. The markups are
" determined for distribution “arcs from each NGTDM transshipment node to each end-use sector. For noncore
customers in the Annual Flow Module, these markups are genexally reevaluated once the lmear progmm has solved.

: Dependmg on the end-use sector, the markups either are derived from historical data or represent the value of service
-as determmedirom alternative fuel prices. Historical data are used to develop initial natural gas distributor markups
" to core .customers, while value of service (or -altemnative ‘fuel prices) are used to develop markups for the
'transponauon sector and for noncore electric genertion -customers. Distributor markups for noncore industrial
_-customers are based on estimated historical end-use prices and .are held constant throughout the forecast. ‘Core
- distributor markups are assumed to decline over the forecast period. Since alternative fuel prices are used as a basis
- for estimating markups to noncore customers, the DTM is executed during each NGTDM iteration so that these
markups more accurately reflect the actual alternative fuel prices. For the electric generauon sector, markups are .
,computed for the three classes of customers in each NG'IDMIEMM regxon

~

-
Lt .. N » -
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5. Anhual’ Flow Module s’olutioh Methodology

- As a key component in the NGTDM, the Annual Flow Module (AFM) determines the market ethbnum between
supply and demand of natural gas. This translates into ﬁndmg the price such that the quantity of gas that con§umers
would desire to purchase equals the quantity that producers would be willing to sell, accounting for the transmission
and distribution costs, pipelirie fuel use, capacity limitations, and mass balances. Structurally, the AFM consists of
a network of regions connected by a parallel system of pipelines designed to service two types of customers, core
and noncore. Supplies are defined as total regional supplies available to both-parallel networks, while demands are
- defined separately as core or noncore regional demands. Because of the characteristics of these two markets, pipeline

" . tariffs are rated differently along the same arc. To achieve market.equilibrium, the AFM has been formulated as
a linear program which maximizes consumer plus producer surpluses while minimizing transportation costs.>?

Supply and demand prices. and quantities, as well as resulting flow- patterns, are obtained from the linear
" programming solution and sent to other NGTDM modules or other NEMS models after some processing. A simple

. system diagram of the information flowing to and from the AFM is presented in Figure 5-1. A brief explanation .

of how supplies and demands-are represented in the AFM, how the linear program has been formulated for the AFM,
;and how the AFM results are processed for the other NGTDM modules and NEMS models is presented below. -

SN

-

" . I Network Charactenstlcs in the AFNM

As described earlier, the AFM network oonmsts of two parallel networks (ﬁrm and mlemxpuble servxce), each
_containing 12 regions (or nodes),'6 Canadian border .crossing nodes, and 3 Mexican border-crossing nodes. Net
storage withdrawals are represented at 10 of the 12 regional nodes for both firm and interruptible services. Arcs

~‘connecting the nodes are characterized by pipeline efficiencies, physical capacities, pipeline tariffs, minimum flows,
and maximum- utilizations. The efficiencies are exogenously defined (Appendix F, Table F19)-and represent ' .
reduction in flows due to pipeline fuel consumption. Pipeline tariffs (defined in the Pipeline Tariff Module) represent .

fees for moving gas-along pipelines.” Pipeline tariffs in the core market include reservation and usage fees while
'pnpelme tariffs in the noncore market are oomposed solely of usage fees. Minimum flows are defined for each arc
in.order to.maintain continuity in flows from one inodel year to the next. Maximum pipeline utilizations (established
in the Capacity Expansion Module).are defined to maintain consistency between capacity expansion decisions and
Tlow patterns. Finally, a designated percentage of the pipeline capacity is not allowed to be used, to represent the

H

" capaeity that would not be released, and is held as a safety margin under normal weather condmons (Appendxx F,

'Table F41) ) ’ . . - . ) ; A

‘Supply and Demand Repreéeritatibns f

Supply and demand are represented as pnoe curves in each regxon in the AFM network. These curves represent

. estimates of short term responses that can be expected from the NEMS models that provide the AFM with regional .

‘supply ‘and demand levels. Demand is defined as core or noncore-and tied exclusively to either the firm or

© *- interruptible service network, respecuvely, while supply is defined as total supply available- (in most cases) to either

_-network. The supply and demand types are addressed below. L ¢

Supply in the AFM mcludes production sources’ (onshore, offshore, and Alaska), mpons (Canadnan and Mexican
by pipeline, and"as liquefied.natural gas), synthetic natural gas (from liquids and coal), and other supplemental
supply. Of these, the liquefied natural gas, Mexican imports, Alaska production, and other supplemental supply
categories are considered. to be constant (or fixed).” Supplies with fixed levels are assumed to be available only to
the firm network, while supplies with variable levels (1 .., relatively price responslve in the short-term) are available
to either network. : . . .

32Adapted from the Pro_]ect Independence Evaluatmn Syslem (PIES) model.
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Some supply quentities are provided directly by the Oil and Gas Supply Model and/or other NEMS models, while
others are determined within the NGTDM, as-described in Chapter 4. Onshore and offshore production and Canadian

imports are determined within the NGTDM based on parameters provided by the Oil and Gas Supply Model, whereas
the Oil Gas Supply Model establishes the level of natural gas flowing into the contiguous United States via the
* Alaskan Natural Gas Transportation System (ANGTS), as well as the liquefied natural gas quantities imported
through the four gasification terminals modeled by the NGTDM. Syntheétic natural gas from ‘liquids in Iilinois is
determined by the NGTDM (as a function of the associated region’s market price), with synthetic natural gas from

Hawaii held constant throughout the forecast. Natural gas from.coal in North Dakota is provided by the Coal Market:

Model. Finally, other supplemental supplies are set to historical levels by the NGTDM and held constant throughout
the forecast. Table 4-1 provides more detail on the regional representatmn of natural gas supply in the NGTDM.

. Another type of supply (or pseudo supply) available is backstop supply, however, it is undesirable for the- system .

- to use this supply source. Backstop supply is designed to be used only if the system has insufficient supply or

pipeline capacity to meet a minimum level of demand. ‘If it is used, a high price is sent to the demand models
.which, in turn, are expected to resporid by.sending lower demand. levels. Backstop supply is pneed hxgh33 in order
o pnevent 1t from becommg econommlly attractive. N

' Demand mcludes end-use sector demands as well as exports (Canadxan and Mexican). As menuoned above, end-use
-sector demands are defined for both firm and mterrupuble services. Although demands for both types of service are

represented by-demand curves, core demands are kept nearly constant while noncore demands are allowed to vary*

‘more depending on sector type. Export demands are sét exogenously in the Oil and Gas Supply Model and are
assxgned as core or noncore wnhm the NGTDM using exogenously speaﬁed shares (Appendlx F, Table F28)

)

AFM Lmear Program Formulatlon

'A linear pmgxammmg algonthm has been developed to determine the least cost approach to achieving an ethbnum

between the supply and demand for natural gas.inthe AFM. Equilibrium occurs when the "price” at which _

consumers are willing to purchase a product is equal-to the "price” at which producers together with u'ansporters are
willing to supply the. product to.the end-user.” Economically, this is'the point where the sum of consuiners” surplus
"and producers’ surplus is maxlmlzed.'“ The methodology-employed in solving the natural gas supply and demarid
- equilibrium assumes' MMM costs are ihe basis for determining market-clearing prices to noncore customers
"and that core customers’ are charged the average price of gas delivered to the associated region. “The problem is

based on a transmission and distribution system composed of two parallel networks. These two networks serve as =

-a means of distinguishing between firm -and .interruptible transmission and distribution services, and are
mtereonnected only at supply points and through capacity constraints. This section defines the linear programmmg
methodology used to establish a market equilibrium in the AFM, from which supply and end-use prices are obtained.
First,,the representation of ¢onsumer plus producer surplus used in the objective function is derived, then a general
descnpuon of the entire formulauon is presented, followed by the exphcnmathemaucal equations.

~
’

“Derivation of the Rep}esentation of Cons'dmer and Producer Surphis

¥

The obJectwe of the lmear program designed for the AFM is 0 determme a markel ethbnum between the supply
and demand of natural gas. As mentioned above, this occurs when the sum of consumers” surplus and producers’ .
surplus has been maxumzed Figure 5-2 illustrates this sum as the area under the demand curve (A+B+C) minus -

the area under the supply curve (C) to the left of the point of market-equilibrium (P,Q). This section describes the
computauon of Lhe area under the supply and demand curves that are used in the objective function equauon

A method for determining the area under the demand curve is established by first representing the demand curves
as step functions, as shown in Fxgure 5-3.. A base quanuty and pnce are given and n steps on either side of the base

.

“SThe ‘backstop supply price is a user input, currently defaulted at $20.00 (1987S/MCF).
"Adapted from the PmJect Independence Evaluation System (PIES) model.
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Figure 5-2. 'Supply and Demand Curves ' - . '
Price 4 T f ] Supply
SLo Dttt biteds? <
- ]
:
' e Demand
;
L >
) . Q) Quantity
_ Area A: Consumers’ Surplus. )
.- AreaB: Producers Suplus - . .. e
Area C: Total Cost to the Producers
P: Prlce at Market Equmbnum . - )
Q: Quantltyat Market Equnhbnum : B
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point are defined.” Toward this end, let (QDEMO,PDEMO) represent a known point (the base point) on the curve and
an estimate of where the model will solve. The parameters UDEM,, and UDEM, are defined as the incremental °
quantities represented by each step on the curve (i.e., the length of each step on the demand curve), and PDEM . and
PDEM, represent the correspondmg actal prices. Noté that the subscript k identifies the k® step on the curve to
* the right of the point (QDEMO PDEMO), -and the subscnpt -k corresponds to the k® step on the curve to the left of
'(QDEMO PDEMO).

“If ydem is defined as the total deviation from the base pomt, then introduce the set of model variables ydem, and
ydem x whlch are used to define ydem. Each variable represents a portion of the length of the spec1ﬁed step, such

0< ydem, . _s UDEM,
0 < ydem, < UDEM,
. ydem Eydemk-Eydem T L , . Q0)

fa, N

In order for ydem to represent the dlstance either to the nght or left of the mmal point (QDEMO PDEMO), the
’ following conditions must hold. If ydem is greater than zero, then each ydein, is at the lower bound of zero; and,
if ydem is less than zero, then each Yydem, is equal to zero. If ydem i$.equal to zero, then each ydemk and ydem.k
is equal to zeto, and the model solved at (QDEMO PDEMO)

In short, the demand curve is. mpreeented as a step function by defining .an initial point on the curve
- '_ (PDEMO,QDEMO), n ydem vanables, n ydem x vanables, and the corresponding prices. .

Gtven the above condmons for the relauonshlp between ydemk and ydemk, the area under the demand curve is -
approxtmated by::

SPDEM, *ydem - PDEM, xydem_)y + C. T ey
~kel .t . N . . ¢ .
‘ where, ’
'C = " ‘the afea umder the demand curve from 0 to QDEMO -
. ZPDEM,*ydem, -= the area under the demand curve from QDEMO to step k.

72 PDEM,*ydem,

7’

' “the area under the demand curve from step -k to QDEMO '

Note that C is a constant since the demand curve and QDEMO are ngen The variable ydem represents the distance .
either to the right or left of the initial pomt (QDEMO PDEMO), and the equauon approxlmates the mtegra] evaluated

C- from Zero to that pomt

-The area under the demand curve as.calculated in the above equauon is mcoxporated m' the objecuve function of the
“linear program with some modlﬁcatlons First, the model is formulated as a minimization ‘problem requiring the -
signs of the coefficients on the equation representirig the area under the demand curve to change. Second, since the
inclusion of a constant in the objective function does not change the model solution, the C term is excluded from
the objective function. As a result the following term becomes a part of the-objective ftmcuon

- S(PDEM._ *ydem - PDEMk*ydetnk) o : - N )

kel A : . /
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When the area to the right of QDEMO (ydem greater than zero)® is being calculated the followmo properues must
hold; ~

(1) At most one ydem, isnot equal to zero or UDEM'L..

(2)  If ydem, is not equal to one of its limits, then ydem,, for all j less than ll, is equal to its upper limit -

UDEM;; and ydem;, for all j greater than k, is equal to its lower limit of zero.

At optimality, the conditions listed dbove for ydem can be shown to hold.*® If the optimal quantity satisfied is on

step k of the demand curve, i.e., ydem, is not ‘at either of its bounds, then ydem,, for j less than k must be at its

upper bound (UDEM,), because it will always be more beneficial to bring in more of quantity ydem; than to bring

. in any of ydem, since the coefficient of ydem, is negative and PDEMJ greater than PDEM,. Similarly, ydem, for

. j greater than k will be zero because it will not be beneficial to bring in any of ydem; before bringing in all of ydem,
since the coefficient of ydem, is negative and PDEM,; is less than PDEM,. Furthermore, ydem, for all j will be zero
becmxse it'will not be beneficial to bring in any of ydem, since its coefﬁclem is positive.

'lewwlse if the opumal quarmty satisfied corresponds to step -k (some quanuty must be subtracted from the base
demand), -where ydem,, is not-at’ éither of its bounds, then ydem ., for j less than k, must be at its upper bound
" (UDEM.,) because it will always be more beneficial to subtract more of quantity ydem,; than to subtract any ydem,,
since the coefficient of 'ydem, is-positive and PDEM is less than PDEM . Snmlarly, ydem , for j greater than k,

> will be zero because it will'not be beneficial to subtract any of ydem; before subtracting all of ydem,, since the -

** coefficient of ydem, is positive and PDEM is greater than PDEM,,. Fmthennore, ydem, for all j will be zero even

though the coefﬁcrut of ydem, is negauve “This can be deduced by observing that if the quantity -at ydem, were
.above zero, the increase in quantity would have to be negated by increasing ydemk, wlnch hasa lngher pnce, thus
. causmg the objecuve function to rise. . . .

Sprly_ Curves

As with the demand curves, the area under the supply curve can be estimated by first representing the supply curves
as step functions and then summing the area under the steps-on each curve. This is accomplished in a manner
similar to the methodology used for demand curves; however, the base point (QSUPQ,PSUPO) is assumed to be at
+ ‘QSUP0.equals-zero. Thus, the ysup is represented only. by ysup, and the-supply term in the objective function
becomes X 'PSUP,*ysup,. The base point (QSUPO, PSUPQ). is set at the solution value (gas production, wellhead
price) resulting from the previous NEMS iteration. The size-of each ysup is set progressively larger as k increases,

therefore allowing for, smaller gradations around the base point (to better approximate -the original .supply curve)..

For the first two NEMS iterations, the size of each ysup is exogenously specified. Subsequently,‘the step sizes are
decreased (as the NEMS converges to an equrhbnum solution) based onthe dlfference inthe wellhead price solutions
from the prevxous two NEMS iterations.. ’ :

:General Déscriptioh of the AFM L’inearProgr"am i-'ormulétio'n

" The objecuve of the linear program designed for the AFM is to determine a market equllxbnum between the supply
and demand of natural gas. _Since the network consists of muluple supply sources, multiple demand points, and
transshlpmem arcs, transportauon costs also must be included. Thus, system equilibrium will occur when the sum
of all the consumers’ surplus, all the producers’ surplus, and all the transportation costs (neganve) is maximized,
After translating this'into a cost minimization problem, the follow objective funcuon results.

minimize {vtransportadon costs - (X (consumer surplus) + = (producer surplus) )},

”’I‘he analogous properties hold for the left of QDEMO (ydem less than zero).”
© Sgee page B 16 in the PIES model documentation for-a complete descnpuon

i
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where,
Z (consumer surplus) + X (producer surplus) =
(the area under the demand curve to the left of equilibrium)-
(the area under the supply curve to the left of equilibrium) , SN
Capacity flow constraints are defined for each interregional arc in the overall network. Two types of constraints have
- been defined. One Limits total annual flows along an arc and the other serves to limit annual firm service flows.
along the arc. The total flow constraint.is an inequality constraint defined to ensure that total flow (firm plus
interruptible) along an arc does not exceed the maximum allowable ‘annual flow along the pipeline. The maximum
allowable flow is defined as the maximum physical capacity (adjusted for normal weather representation) times the
" maximum total utilization (defined by the Capacity Expansion Module) for that arc. ‘Similarly, the firm flow
constraint is an inequality.constraint defined to ensure that firm flow along an arc does not exceed the maximum
allowable annual firm flow. along the pipeline. The maximum allowable firm flow is defined as the maximum
physical capacity (adjusted for normal weather representation) times the maximum firm utilization (defined by the
Capacity Expansion Mod_ule) for that arc. The resulting constraints'are given below for each interregional arc.
_ For each interregional arc ijs . ¢ '
-(flow on the arc to satisfy the core market) + (flow along an arc to satisfy the noncore market) < ((physical
. capacity on the arc) * (1.- weather adjustment factor for normal weather) * (annual capacity utilization
factor for total flow)) ° SR B . -7 Co- ) ) :

' (flow on the arc-to saﬁsfy lhe.—-cofe marker) < ((physical capacity on the arc) * (1 - weather arijustment
-~ ‘factor for normal weather) * (annual capacity utilization factor for firm flow)) - o

A mass balance constraint-exists for each transshipment node in each parallel network. These constraints ensure that -
the.total input to a node equals the total output from the node (including net storage withdrawals). In general, gas
‘flowing into a transshipment node comes from other transshipment nodes, sispply points, and (in some cases) storage,
while gas flowing from a transshipment node goes to demand points, other transshipment nodes, and (in some cases)

- storage. “'Storage flows in the AFM are assumed to be constant for a particular year (defined by the Capacity -
Expansion Module) and are répresented as net withdrawals (i.e., natural gas flowing out of storage to a node minus
natural gas flowing into storage from & node). Net withdrawals are defined separately for the firm and interruptible
networks. A general transshipment node mass balance constraint is listed below for both networks,

- For each firm service transshipment node i

{flow into a transshipment node from another firm service uanssi;iﬁment node) + (flow into a transshipment
.= .node from supply points in the region) + (net storage withdrawals comresponding to firm service) - (losses)
-= (flow out of the transshipment node fo other firm service transshipment nodes) + (flow out of the
transshipment node to Core market demand points in- the region) . -. ¢
For each intertp_ptible service transshipment node i: . J )

.o “(flow into a transshipment node -from another interruptible service transshipment node) + (flow into a -

’ transshipment node from supply ‘points in the region) + (net storage withdrawals corresponding to
‘ interrubtiblc service) - (losses) = (flow out of the transshipment node to other interruptible service
transshipment nodes) + (flow-out of the transshipment node to noncore demand points.in the region)

. A mass balance constraint also is included for each-core and noncore demand point. This constraint-ensures that
the quantity allocated to an end-use point equals the quantity demanded at that point. Demands in.the' AFM can vary
by region and are defined by demand curves. It is the linear. approximations to these curves that are used -to
represent demands in the linear programming problem. Although these curves allow demands to drop to-levels below
base level demands in an effort 'to a}:hieve a market equilibrium, supply or pipeline utilization limits may prevent

" some regional demands from being ‘met.” In order to prevent the linear program from going infeasible, a highly

4
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priced 'backstop supply is available at each demand point. If backstop supply is needed, hinh\ prices result and the
other NEMS models will respond with lower demands. General transshrpment node mass balance constramts are *

listed below for both parallel. networks.

~

(flow out of a transshlpment node to core market demand poinis in the region) + (flow from a backstop -

supply point to core market demand points in the region) - (losses) = (quantny consumed at that node for
firm service)

- (flow out of a transshipment node to noncore demand points in the region) + (flow from a backstop supply
"« point to noncore demand pomts in the region) - (losses) (quantny consumed at that node for interruptible
.. service)

-Each supply point also has a mass balance constraint represented. Since gas may flow from a supply point to a
‘transshipment node (in the same region) in either the firm or interruptible network, this constraint ensures that the -

" total quantity flowing from the supply point equals the amount supplied. The constraint states that total supply is

- equal to the.portion of supply flowing to the firm network plus the portron of supply flowing to the mtermpuble

network "The general constramt is presented below. -

(quanuty snpphed from the supply curve) (flow from the supply point to.a transshrpment node to satisfy .
‘the core market) + (flow from-the supply pomt to the transshrpment node to satisfy the noncore market)

Due to the nature of a linear pmgram an optrmal solution will not allow flow to occur sunultaneously on a primary

arc from Region A to Region B and on its bidirectional arc from Region B to Regron A because such a situation
would incur higher transportation costs (as compared with a case where flow occurs only in one direction and
‘represents net flow). Since an arc in the network may-represent an aggregation of some pipelines flowing one
direction and other pipelines flowing the opposite direction, flows along bidirectional arcs need to be explicitly

represented, This is accomplished by setting minimum flows along the bidirectional arcs in-both the firm and’

" interruptible networks equal to’ tnstoncally observed levéls (Appendrx F, Table FZO) The general equattons are
precented below . . ) ] ‘

(flow along the blduecnonal arc to satisfy the core market) > (mnumum ﬁrm ﬂow reqmrement for the arc)

-, l

(flow along the bxdtrecuonal arc to satrsfy the noncore market) 2 (mrmmum mtermpuble flow reqmrement_

for the arc)

]

Minimum levels are also set:for flows along primary arcs within the firm nétwork. These minimuni flows help to
generate some continuity in flow patterns (which may not always occur in a linear programming environment) that
are generally associated with core market Tontract demands.. These minimum levels are a percentage (Appendix F,
Table F32) of flows resulting from last year’s soluuon, -and are-defined as lower bounds on the flow vanables
The general bound equanon follows. ) .

(flow along the pnmary arc to satrsfy the core market) p-3 (nnnmum ﬁrm ﬂow reqmrement for the arc)

Nominal minimum ﬂows are also defined for ﬂows along primary arcs in the mterruptrble network As w1th the firm .

network, the:minimum, flows are set equal to a percentage (Appendrx F, Table F32) of the flows resulting from the
- last forecast year’s solution, and are defined as lower bounds on the flow vanables This is represented in t.he
following bound equatron :

- (flow along the pnmary arc to satrsfy the noncore market) 2 (minimum interruptible ﬂow requirement for
the arc)

4

3"In the first forecast year, rmmmum flows are assrgned as a percentage of hlstoncally derived ﬂows for 1990 (Appendix F. -

. Table F20).
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Minimum flows are defined on the arcs (to the firm and interruptible transshipment-nodes) from the’ supply sources .
which are not already specifically targeted for either the firm or interruptible network. This is done to insure-that
each of these .sources supplies a reasonable mix of natural gas to both the core and noncore markets, The sum of
the minimum flows from each of these supply sources is set equal to the associated minimum supply level (described
* in Chapter 3). The firm/interruptible split used in setting minimum flows for all of these arcs is equal to the national
core and noncore consumption split. (after accounung for the suppltes specrﬁcally targeted to-a particolar firm or
interruptible network).This is represented in the following bound equation. .

(flow along the supply arc to satlsfy the core market) > (minimum firm flow requu'ement for the arc)

- (flow along the supply arc to sausfy the noncore market) 2 (nummum mterrupnble flow requrrement for
the arc) .

FmalIy, a number of bound constramts are needed to- completely describe the .step functions for the supply and
demand curves These bounds serve to'define the lengths of each of the steps on the hneanzed curves. '

{

Mathematlcal Speciflcat:an of the AFM Linear Program Formulatlon _

. ‘I‘hrs sectron presents the set of equatrons which completely deﬁnes the Linear programmmg formulatron for the AFM.,
Thrs set consists of an objecuve function, flow oonstramts, mass balance constramts, and bounds on model variables. .

The objecnve function has been defmed as the market eqmltbnum between ‘natural -gas snpplres and demands,

including relevant transportation costs and backstop supply This has been translated into the followmg objective
functron equauon

- . -minimize

Xaysup,ydem,qzz HAR“‘*X‘*’. * ZTARU"‘M + mAR._,*Xﬁ + HAR,_,*X”

+—2TAR,_‘,*xm + EFA& ::xml + zPZZS'd#qzzw'.«r %PZZ;:ded “

+L"E(PSUP tysupux) !

- sikal . ’ o

e ZE(PDEM,umydemm_k PDEM,MtydemucL )

-

- Ezwnmzr*ydmzr -'PDEM;L.Lti*ydem;'rH) AR | 23).
S ke R . Cone .
where, .- : ‘ |
.thesubseripted'indfrdes-are:'_, . ‘ o L _
" ij,andm. ‘= transshipment node | '
" ~.-d = demand point
. " -+ s = ‘supply point
. " st = storage point
-k = step on the curve .
¢ = number of steps on the supplv curve
n .= number.of steps represented .to the left ‘or nght of the mmal demand point
~ . (QDEMO,PDEMO) .
s 4ij = arc connecting transshipment nodes i and j
K id = -arcfrom transshipment node i to demand point d
PR Tsit o=

arc from supply pornt sto tra_nsshtpment node i
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st,i
i,st

_ the superscripted indices are:

F
1

the parameters are:
TAR

_ EFF
PCAPMAX

WTHRXCAP

AUTILZ

PZZ

PSUP

"PDEM

- QDEMO
QSTR
UDEM

USUP |

LSUP
the variables are:

L %y
. ydem; 5y

ysup;x

9274

MINF -

n o

1

Wi n o

-

A,amount of backstop supply used for demand point (i,d), (Bcf)

arc from 1ransshipmem node i to Storage point st
arc from transshipment node i to storage point st

firm
interruptible

per unit reservatmn fee and usage fee (dollars per Mcf)
efficiencies (fraction)
physical capacity (Bcf)

~ weather factor for normal weather (fraction) [Appendix F, Table F41]

pipeline utilization (from Capacity Expansion Module as fraction)

mlmmum flow requirement (Bcf)

price of backstop.supply ’ -
(set to an arbitrarily high value), (dollars per Mcf) -

_ prices on the supply steps (dollars per Mcf)

prices on the demand steps (dollars per Mcf)

‘base demand level (Bef) - . .
. net withdrawals from storage (Bcf)

size of demand step (Bcf) .- ‘
sizeof supply step (Bef) ' o -
minimum supply level (Bef) - ’ -

ﬂow fromitoj (Bcf)
for demand point (i,d), amount of correspondmg demand step taken (Bef)
for supply point (s,i), the amount of supply step k taken (Bcf)

Capacxty Consuamt Along Each Arc ij;°

24

)L,J«;:QJSPCAPMAX -+ (1l -W’I‘HRXCAP) *AUTILZ;,,
" xf; SPCAPMAX;; » (1 - WTHRXCAP,) » AUTILZ] ° 25)
Mass Balélnce Constraints at Each Trépsshipmem Node (m):
DB, + DRneEFF, + QSTRy = Doy + ey 26)
xl +EFF,, +'\):“,x,':;,';EFFm + QSTR! = Stss + zx,,‘,, @
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Mass Balarice Consbaims at Each Demand Point (i,d):

’%I.:A*EFFi.d + qzzi}.:d = QDEMO:d + E(yden)i.};.k;ydelnii.'-k) l - . ’ ,(28)
. . k=1 v . . . i . .
| %aEFF,, + qz2); = QDEMO, + X(ydemy,-ydem, ;) (29)

Mass Balance Conetrain{ at Each Supply Point. (s,i):

Eysupu_k-x,i-rx . o ) R n G0
. k=l . S ‘ . . . .

oo

“'Mifimum Bounds on Flows Along Bidirectional Arcs Gg):

- ": "'>/_'1.V‘11NF5-‘-:'_"’ S AR D RN @D
L annum Bounds on i}lows from Each' Designated Supply Point (s,i): -
'-'- .x‘Fi=\'> MNF:;» ) - - ! . . ._ : o : \ —‘ . ' ' - | .(32)
‘¢:=>m5. - . T 6y
. Minimum Bounds-’ on Flows Along l’iiméi-}'{fArcs Gi): N
CoafeMNE, 0 T e
Lt ,:’i{r‘?;m{a R :f R >

-

The followmg bound consn'amts also must be deﬁned for the steps on the supply and demand curves. )

0s< ydemm © +S UDEM7,, -
0= ydem ix ~. < UDEM, ik
. 00< ydeln,‘d_k < UD x.d.k -
- - .0 ydem',, ° ‘S‘UDEM;.d.k C .
LSUP,;J‘S ysup‘n'«' ;S“'USUP A

PN

~ For the- most part LSUP is zero, except on the ﬁrst step of the supp]y curve where a rmmmum supply level may be
deﬁned S -, , i

Thus, the above equauons mathemaucally specify the Tinear progtam objectwe funcuon and the model constmmts
The linear progmmmmg soluuon is obtamed using a commercxal software package designed to solve these problems

~

: o \ Processmg of AFM Results

“The AFM is responsxble for prowdmg other models wnhm NEMS wnh natural gas end-use and supply prices and
quantities which correspond to a market equilibrium between natural gas snpply and demand. In-addition, the AFM
_Tust provxde NEMS with resulting pipeline fuel* consumption, lease and plant consumption, and emissions levels
associated with the network results, as-well as redlized tariffs for the noncore market for the Pipeline Tariff Module

-~

542 .. -flAIMode! ’Doenrnenmﬁon::Nam,ral Gas. Transmission and Distribution Model Volume |



m e e e o e R - - A T A e W T T

A)

to process. Once the linear programming problem is solved, these principal model forecast results are processed .
using information extracted from the resulting matrix. For example, since the AFM solves at a regional level which
differs somewhat from the NEMS Census divisions and other model’s regional definitions (as described in Chapter
) the AFM results must be aggregated into the regions required by the receiving models prior to being passed to
NEMS. Another major processing step s the calculation of average market prices to the core customers. The
various methodologies used to generate these model results are presented below.

Supply Prices and Quantities

The AFM provides wellhead prices and quantities for onshore, offshore, . Alaska, and Canadian production, for
" Canadian, Mexican, and liquefied natural gas imports (at the border crossing), and for synthetic natural gas and other
-supplemental supplies, With the exception of Canadian import and wellhead prices, these values are obtained directly
from the linear programming solution with little or no processing required (i.e., to translate information from one
regional representation to another).” Some of these results are passed to the Oil and Gas Supply Model, the Petroleum
Market Model and the Coal Market Model for processing, while others are passed to NEMS for convergence ‘and

reporting purposes.

To determme Canadian import and wellhead prices, a netback pncmg routine is used. For Canadian rmpon prices,
this involves taking the price at the node nearest to the border crossing node- and reducing it by the tariff along the
arc connecting the two nodes. For example, since Canadian imports from border crossing node 13 go into node 1

on the AFM network (see network defined in Chapter 4), the Canadian import price at, node 13 is the node price at .

-node 1 minus the tariff along arc 13 -> 1. Similarly, Canadian wellhead prices are determined by first taking each

of the Canadian imports prices (at the border crossing) and subtracting the corresponding Canadian markups from .

the wellbead, and then taking a quantity-weighted average of the results (adjusted for losses).

.End-Use Prices.

“The AFM provrdes reglonal end-use prices for the Electncxty Market Model (electric generauon sector) and the other

NEMS demand models (nonelectric sectors). For the nonelectric sectors, prices correspond to core and noncore -

service at the Census Division level. However, ‘for the electric generation.sector, prices are determined for three
types of customers (core segment, segment competitive with residual oil, and segment competitive with distillate oil)
- at two different regional levels (the Census Division leve] and the NGTDM/EMM subregion level). End-use prices.
for some sectors/segments within the model are easily determined from the: AFM linear programmmg soluuon, wlnle
others are determmed through more ngorous procedures : ot

End-use pnces correspondmg to the noncore, nonelectnc sector for each Census Dmswn are easily-determined from
the NGTDM regional prices produced by solving .the AFM linear program. -Once retrieved from the linear
-programming solution, the NGTDM regional prices are ‘aggregated into Census Division level results (using a simple
quantity-weighted averagmg teehmque) and converted mto the appropnate units.,

" End-use pnces for core services cannot be taken directly from the linear programming solunon because the linear
program prices natural gas at the margin when, in fact, prices for the core segment need to be represented as average
prices. " A methodology has been established to calculate average regional transshipment node prices, from which

average end-use prices for the core segment can be determined. This methodology is based on the premise that the

NGTDM network (discounting bidirectional flows) can be viewed as having a quasi "tree” structure, with the primary
supply sources at the bottom (or root) and the more distant demand regions at the.top: Using this tree structure,
average firm transshipment node prices are calculated starting from the root and moving up to the top branches. At
each regnonal transshipment node, the average price is calculated as a quantity-weighted average of gas coming from
other regions and gas produced within the region. Gas produced from other regions is priced at the average
* transshipment node price in the other region, plus the cost based tariff to move the gas from the other region. Note
-that average ‘prices are calculated after the linear program has been solved. This should not directly impact other
NGTDM model results (e.g., interregional flows) since core demands are relatively inelastic to price changes
(reflected in the fact that the model assumes a price elasticity ‘of zero for the core demand curves).
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End-use prices for core customers in a region are then set by adding the intraregional tariff and the distributor tariff

to the average regional transshipment node price. “These regional prices are then aggregated to the Census Division

- level using a simple quantity-weighted averaoe technique and converted to the appropriate units.

- Electric generauon sector prices are 'sent to the Electricity Market Model at the NGTDM/EMM subregion level and
to NEMS (for convergence and reports) at the Census Division level. The Electricity Market Model requires. prices
to be reported for all three market segments, while NEMS requires .that pnces for the ‘competitive markets be
combined into an average noncore price. Different methodologies are used 10 determine the delivered natural gas
. price to each of the three electric generation market segments. Electric generation sector prices to core customers
in each NGTDM/EMM region are detennmed by adding the intraregional tariff and the distributor tariff to the
.average associated NGTDM regional firm transshipment node price (defined above), processed to represent the
- -appropriate regions (NGTDM/EMM subregions for the Electricity Market Model and Census Divisions for NEMS),
and converted into the-proper units. Electric generation sector prices to the competitive (residual and distillate)
segments are calculated based on their corresponding competitive fuel price (see Chapter 6 for details). Next,-a

quanttty-wexghted averagmg routme is used to combine the two competmve segments into a smgle average end-use ‘,

price 10 send to NEMS

‘
‘;

. Pipellne Fuel COnsumptlon and Assoclated Emlssions

For each arc of the network, pxpelme fuel consumpuon is calculated by multlplymg the.flow.on the arc by the
percentage (specified- as a fraction) lost due.to pipeline fuel use: ‘This percentage lost is 1 minus the efficiency
specified along the arcas a data input. (In addition, a multtphmttve scaling factor is used to calibrate these results

. 'to equal the most recent national historical pipeline fuel consumption.) The pipeline fuel use along each arc of the

network niust be translated to fuel use by NGTDM region, This disaggregation is accomplished by muluplymg the
fuel use on each arc by regional shares based on-the mileage of pipe in a given region (Appendix F, Table F39).
A s:mﬂar loss factor is applied along each mu'aregtonal arc to account for losses accrued in the dxstnbuuon process.

Pxpelme fuel consumpnon is used as a basxs for calculating . the emtssxons Wthh result from ptpelme compressor '

_engine use. Both recxprocanng engines -and gas turbines-are used to power compressors. The latter engines
outnumber the former by a factor of approximately 3.3, primarily because they accommodate higher capacity flows
at a greater efficiency. Howéver, the reciprocating engines allow for greater variation in flows and are able to send
- flows in both directions along the pipe. According to estimates by Argonne National Laboratory (presented in the

NES Env:ronmenral Analysis Model (NESEAM): ANL Technical Memorandum, Section "Natural Gas" - of the_

.Appendlx C), 77 percent of the engmes used for pxpelme transportanon .are gas turbines and 23 percent are
) recxprocatmg piston compressmn enomes e

- The NGTDM quantlﬁes eight types of pollutants dxscharged by the combustion of natural gas at gas plpelme

-compressor stations: total carbon, nitrogen oxides, sulfur oxides, carbon monoxide, carbon dioxide, methane, volatile-

organic compounds, and particulate.: Smce data on particulate emissions are not available and particulate emission
levels are assumed to be small, estimates for particulate emissions are not included. Estimates for the discharge
levels of the other pollutants are calculated as’ functions of the pipeline fuel consumptton. ‘In the last five years,

pipeline fuel consumed by the compressor stations represents-about 3.6 percent of the-annual amount of gas delivered -

" to consumers. Natural gas pipeline emissions by NGTDM region are calculated as the product of the annual pxpelme
fuel consumptxon in the reglon tlmes an emissions- factor, as follows .

EMNT,,, = QGPTR, +EMISRAT/(CENGC*2205.0) N € )

where,

subscript that desxgnates any of the eight types of pollutams dlscussed above (l-total
carbon, 2-carbon monoxide, 3-carbon dioxide, 4-sulfur oxides, 5-nitrogen oxldes, 6-
_ volatile.organic compounds, 7-methane, 8-particulates)
- annual pipeline fuel consumption in:year y for Census Division 1 (Tnlhon BTU)
+ emissions factor (Appendix F, Table F25) (lb/MMCF) '

Y
' . " P B : ’ 1 . ) .
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Conversion factor (Trillion BTU/BCF) )
natural gas pipeline annual emxssxons, in thousand metric tons (MMT) in Census .
~ Division r and year y.

CFNGC
EMNT,

Py

[Note: The constant 2205.0 in the equation converts the result in pounds to mem’c tons.]

A separate carbon emissions routiné within the NEMS overrides the emissions levels calculated within the NGTDM
and establishes- the final reported carbon emissions levels for the NEMS.

Realized Pipeline Tariff

The Pipeline Tariff Module provides the AFM with a minimum and maximum usage fee, as well as an estimated
usage fee for use in the model for transporting: gas between regions under interruptible service. Once the linear
_program is solved, the realized tariff along each arc in the network equals the dxfference between the market clearing
prices at the two connected transshipment nodes. If the natural gas flow along the arc is less than its capacity limit,
the mahzed tariff equals the usage. fee assigned when the.linear program was formulated. If the flow along the arc
isatits limit, the realized tariff will be greater than (or possibly equal to) the usage fee originally specified and could
-exceed its maximum -allowed level. ‘A check is made to identify- any realized tariff greater than its allowed
K maximum., Currently no adjustment i is made thhm the model if this maximum is exceeded, although it typically
“isnot. ,
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6. Distributor Tariff Module Solution Methodology

. This chapter’ discusses the solution methodology for the Distributor Tariff Module (DTM) of the Natural Gas
Transmission and Distribution Model (NGTDM). The DTM develops markups that are applied to regional hub
prices™ to derive end-use prices. The markups are intended to capture the various pricing strategies employed by
intrastate carriers and distributors. Markups are determined separately for the residential, commercial, industrial,
electric generator, and transportation (compressed natural gas vehicle) sectors. Within the DTM, residential,

commercial, and natural gas vehicle customers are classified as core customers. It is assumed that they receive all .

of their natural gas under firm (or near-fum) transportation agreements. Markups for the industrial sector and electric
_.generators are segmented by core and noncore markets. It is assumed that core customers in these two end-use
sectors receive all of their natural gas under firm (or near-firm) transportation agreements. In contrast, it is assumed
that noncore industrial and electric generator customers transport their gas under interruptible or short-term capacrty

release transportauon agreements,

) The purpose of the DTM is to detérmine core and noncore (where applicable) markups for each end-use sector.
- Distributor markups to core customers are based on the cost of providing service to the end user. The cofe market

markups are derived from historical data although various model parameters and assumptions may modify the -

" historical markups throughout the forecast period. Historical markups, model parameters, and assumptions are used
because publicly available data are insufficientto develop a cost-based accounting methodology srmﬂar to the
approach used for interstate pipeline tanffs in the Ptpelme Tanff Module. . p

.End-use prices for industrial noncore customers are estabhshed by adding a markup to the natwral gas intemtptible ‘

service supply price at the regional market hub. These markups are endogenously derived as the difference between
estimated hxstoncal 1993 end-use prices and the NGTDM regional mtermpnble service hub price.

_Electric utilities balance the me of their generanng capacity agamst generation cost and fuel avatlabtltty.' To meet

demand, utilities provide a4 mix of electric genération technology to satisfy their generation requirements while’

minimizing generation costs.' A large portion of this technology depends on-a single energy source--coal-fired steam
turbine power plants, for example. However, a significant portion of the technology is dual-fired which can switch
between different fuels dependmg upon the cost and availability of alternative fuels. .

Utilities respond to seasonal-changes in fuel cost.and availability by switching their dual-fired capal;ility to lower
cost fuels and by increasing the utilization of lower cost generating capacity. Thus during winter months when space
heating demiand for natural gas is at peak levels, utilities switch from natural gas to distillate and residual.fuel oils,

among others, to supply a portion of their generating capacity. - For example, in the Central Adantic Region the share -

" of natural gas-based electric generation, on average, declines from 10 percent dunng summer months to 3 percent
" in winter months. During the same penod, the share of fuel o:l-based electric generation, on average, increases by
‘6 percent.”! . .

Since the bulk of the electric generating’ technology using natural gas‘ is switchalile to other fuels, the electric
* ‘generators sector contracts predormnantly for interruptible service. Some electric generauon technologies, however,
use natural gas as their sole energy Source, o a portion of the electnc generators sectar’s reqmrements also is for

firm service.*

*The hub price’is equal to the market cleanng price of all supplies at the transhtpment node in the region in which the gas
is consumed,

”‘I‘he DIM determmes distributor markups separately for each end-use sector. This modula.nty of design makes it easier to

revise the pricing structure to accommodate future market changes or increased availability of data.

“*Historical noncore industrial prices (Table ES, Appendix- E) were based on data from the 3/51/94 draft version of

" Manufacturing Consumption of Energy 1991.
" “Energy Information Administration, "Effects of Intermpuble ‘Natural Gas Semce Winter 1989-1990 Office of Oil and Gas,
July 1991. -
“2Texas is the only State in whtch a mgmﬁcant pomon of electric utility natural gas contracts are for firm service.
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The electric generators sector markups are based on a characterization of electric generatron technology drawn from

various EIA data surveys.® In addition to technology type, the data surveys provide historical information on

natural gas consumption volumes. For modeling purposes, electric generators natural gas demand is distinguished

by three service types: "core market service, noncore market service where gas competes with residual fuel-oil, and

" noncore market service where gas competes with distillate fuel-oil. Each service type is charactenzed by electric
generation technology as follows: o

e Core market service——dédicated gas-steam and gas combined cycle generatfng units

Noncore market services compenuve-thh-resrduar fuel oil—dual-fired steam generating units that are
; primarily swrtchahle to residual fuel.oil’ . .

*e " Noncore market servxces compenuve-thh-drsnllate fuel orl—gas-only and dual-fired turbmes

* A detailed dlscussron of how the DTM determmes markups and end-use pnces for each end-use ‘sector is presented
in subsequent sections of this chapter

£

‘e

Markups and End Use Pncmg in Core Markets

: Res:dentlal Commerc:al and lndustrlal Sectors

. Resrdenual, commercral and mdustnal core market end-use prices are compnsed of four components (1) the regional
_ - hub price of natural gas, (2) the firm tariff- for intraregional movements of natural gas on the interstate network, (3)

: amarknp covering the costs of distribution and intrastate pipeline services, and (4) a benchmark factor. The latter
three oomponents are consolidated into a markup. In establishing the final end-use price, both the markup and the
-supply pnoe at the hub are adjusted for an efﬁcrency representing fuel use for the services required to move natural
: gas from the regional hub to the end user. The pnmary equauon for determmmg end-use prices is provided below: .

NONU PR_F = (NG AVGPR_F +NONU DTAR F ) [ NEFF_PIPE, ] - 37
M‘Whm’* SR L

NONU__Pl{_F = 'end-nse price for firm service pnovrded to non electnc sectors (dollars per Mcf) :
NG AVGPR_‘F =  hub price for firm servxce [from Annual Flow Module solution matrtx (dollars per. -

T Mceh)]. -
. NONU_DTAR F = ‘markup for fimh service provlded ‘to non electnc sectors, before adjustmg for
T . - -pipeline fuel use (dollars per Mcf) )
NEFF PIPE = - efficiency for services provided-to transport hatmal gas from the regronal hub to

- . end-use customers [Appendix F, ’l‘able F19 (fracnon)]
end-useé sector index. - ) A
regronmdex - ", e .o S

1

T
J -

R

. The ﬁrm service markup is compnsed of three separate cost components as presented in the followmg equanon

NONU DTAR_ F, DISTiJ+PTAR_Fj:i+Bl:=.NCHFﬁ S B (38)

" where,”. ¢

“The EIA surveys include Forms EIA-767 "Steam-Electric Plant Operat.lon and Power Plant Design Report,” EIA-860 "Annual .
‘Electric Generator Report.” EIA-759, "Monthly POWer Plant Reporl. and FERC Form 423, "Monthly Report on Cost and Quality
of Fuels for Electric Plants.”

“Gas-only turbines are-competitive with thstillate fuel orl since.these generating units may be dxsplaced by distillate-fired units.
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NONU_DTARF = markup for firm service provided to non electric sectors, before adjusung for
pipeline fuel use (dollars per Mcf)

DIST =  markup for firm distributor and intrastate pipeline services [Appendix F, Table F21
- {dollars per Mcf)]
PTARF =  markup for intraregional firm service provided by interstate pipelines within region
j [from the Pipeline Tariff Module (dollars per Mcf)]
_ BENCHF benchmark.factor (dollars per Mcf)

-end-use sector index
region index (j,j equates to intraregional activity).

i
i

nnan

During the forecast period, the markup for firm distributor and intrastate pipeline services is adjusted each year based
. on a user-specified adjustment factor NONU_DTARF. _DECL). For the AEO95, it is assumed that the firm markup
dechnesazamteoflpereentperyear R

'I'he benchmark factor is dcnved internally from differences in hlstorml end-use prices and the end-use prices

derived by the NGTDM for the years historical data are available, and is primarily used to calibrate the model against ‘

actual historical data. For the first iteration of the first model forecast year (1990) of the simulation, the DTM sets
the berichmark factors to zero, For subsequent iterations and years of the historical period (1990 through 1993), the
benchmark algorithm computes benchmark factors. For example, the benchmark factors for the resxdenual sector
are computed usmg the followmg equauon ‘ ) .

BENCHF:-!.;! - is l.).l
'where,_‘ .
,' " BENCHF = benchmark factor for lhe residential sector, i=1 (dollars per Mcf)
HPGFRSGR .= ‘historical natural gas end-use price for the residential sector [Appendxx E, Table E8
o . (dollars per Mcf)]

NONU_PR_F . = ' end-use.price for core service provxded to the residential .sector, i=1 (dollars per
. Mcf)- : .

. t . = -model year index .
7= end-use sector index (i1 for residential sector) ' .
'j = region index.

[Note: A sxmllar equauon is used for the commercial and mdustnal sectors wnh HPGFRSGR )

replaced with HPGFCMGR or HPGFINGR, respecuvely, and with the mdex i set t0.20r3 ]

When the model converges for historical years, ‘the benchmark factors from the last iteration are ass:gned to the array
HISBENCHF. After the historical period (.., model-year 1993) is completed, the benchmark algorithm sets the
benchmark factors equal to the berichmark factor for 1992 for the residential and commercial sectors and sets the
benchmark factor equal to the benchmark factor for 1993 for the industrial sector. The benchmark factor is held
constam for all the forecast years.

Before completmg the processmg of the end-use prices, the"DTM checks-the prices agamst a minimum threshold

- price of $0.00001 per Mcf. "The purpose of this check is to send a nonzero price to the NEMS Integrating Module
in situations where there is no demand for a sector in a region. Should the end-use price be very small, the price
is reset to the last-price that is ava:lable (either from a prevxous iteration, model yeax, or historical period) for-the
sector and reglon A

Transportation Sector' .

= HPGFRSGR,, - NONU_PR F, o S '_(39).

The transportation sector includes the use of compressed natural gas as a vehicle fuel.. The price of natural gas used -

" for pipeline fuel is not included in the price of natural gas delivered to the transportanon sector. Pipeline fuel is
priced at the market clearmg price of gas supphes at the transmpment node at the ongm of the arc on which the

.natural gas is transported.
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Two pricing methodologies are available for deriving end-use prices for compressed natural gas used as a vehicle .
fuel (VNG). The first methodology (called the historical markup method) uses a markup derived from the historical
prices reported in EIA’s Natural Gas Annual®® The historical VNG fuel prices do not include all Federal and State
taxes or the full cost of dispensing the fuel. The second methodology (called the full cost price:method) develops

- a markup for'VNG using an algorithm that takes into consideration cost components of suppliing and dispensing -

VNG, Federal and State taxes, and the price of motor gasoline to commercial customers. The DTM offers the
flexibility to transition to the full cost price methodology in a user specified forecast year. The DTM can also phase
in the full cost price methodology over a period of years specified by the user. This capability was incorporated to
reflect the expectation that the market' for VNG will undergo a transition during the forecast period. - The pricing
- transition is intended to capture the evolution of the market from government/industry sponsored demonstration

programs to large scale comm

‘below.

ercial use. These two pricing methodologies and the phase-in method are presented

In the historical markup method, the price of VNG is.a function of'tl;e firm service hub price, an historical maiki:p,

where, ©

-\, NG_AVGPR F

" NONU_PR_F

- NONU_DTAR_F
. . NEFF_PIFE

i
j

“.. NONU_PR F,_,

~

“region index;

" and an efficiency as shown in the following equation: * -

= (NG_AVG?R_I?NONU_’DTAR_E;'_‘ ) INEFEPIE_, . = @0

" end-use price for core service provided to the transponaﬁon sector, i=4 (dollars per B

hub price for firm service [from Annual Flow Module solition matrix (dollars per

S Mepl L L

markup for core service pfovided to the tmnsponauonsector (i=4), before a'djustiné

. .for pipeline fuel use (dollars per Mcf) .

-efficiency for services provided in q%msponiné natural gas from the regional hub o
" compressed natural gas vehicle customers, i=4 [Appendix F, Table F19 (fraction)]
“end-use sector index '(i=4 for transportation sector) - - ’ .

_ The tmisjiortaﬁoh sector markup (NONU_DTAR_F) is held constant th}oﬁghout the period the\histor'iwl markup'

- method is used. The-markup is set equal to the difference between the regional historical price of VNG for the last

‘year that historical VNG price data are available o the NGTDM (1992) and the regional hub price of firm natural
gas supplies asdetermmed wnhm the Annual quw Module. This derivation is shown in the f’ollow'ing equation: -

NONUDTAR F.., < HPGFTRGR ;. + NEFF_PIFE,,, - NG.AVGPRF, ' * - @)
" where; 4 ) DI . L 1 ' .’ '
NONU_DTAR_F : ‘= * maikup for core service provided to'the transportation sector (i=4), before adjusting
L ~ 7 -...for pipeline fuel use (dollars per Mcf) ~ . - _ B
- HPGFTRGR =  historical natural gas end-use price for the core transportation sector.[Appendix E,
o Table ES (dollars per Mcf)] . SRR
NEFF_PIPE- = efficiency for services provided in transporting natural gas from the regional hub to
) ’ " . - . compressed natural gas vehicle customers, i=4 [Appendix F, Table F19 (fraction)]
NG_AVGPR_F = 'hub price for fimm sérvice {from Annual Flow Module solution matrix (dollars per
- ‘Mch]. - . SR - -
- i’ .= ‘end-use sector index (i=4 for transportation sector), . ‘
"j =  region index ' ' ' ‘
‘b =

index “for last year historical data are available.

-

"Energir Infonﬁatign Adm_inisu'atién. Na}urai ‘Qas Annual 1992, DOE/EIA-0131(92) (Washington. DC, November 1993).
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Under the full cost price method a markup for VNG is derived as a function of the -full cost of dehvermg VNG 10 .
alternate fuel vehicles. The full cost markup is initially set equal to the sum of the industrial core market markup,
the cost of dispensing VNG at a high volume service station, State motor vehicle fuel tax applied to VNG and
Federal motor vehicle fuel tax applied to VNG as shown in the following equation:

. NO_NU_DTAR_Fi = NONU DTAR_F, .s; + RETAIL_COST + STAX; + FTAX 42)
'whcrc,'
NONU_DTAR_F = markup for core service provided to the transportauon sector (i=4) and to the
o industrial sector, i=3 (dollars per Mcf) .
RETAIL_COST . =" cost of dispensing VNG [Appendix F, Table F27 (dollars per Mcf)
" STAX = State motor vehicle fuel tax apphed to VNG [Appendlx F, Table F27 (dollars per
) - Mcf)]
FTAX =. _Federal motor vehicle fuel tax apphed to VNG [Appendlx F, Table F27 (dollars per
, e Mcf)]- -
‘e, ;1 = - end-use sector index (1-4 for transportation sector, i=3 for mdustnal sector)
. i = region mdex .

‘To assure the compeuuveness of VNG relative to motor gasolme within a region, the full cost markup is checked
, agains{.a maximum markup that is derived from the commercnal motor gasoline pnce and the hub pnee for firm
natural gas supphes wnhm the region, as follows . :

' S ‘ ' @)
" DTAR_MAX = PTAR_FJ.J-;PERCDISC + (AFP, » NEFF_PIPE,_,; - NG_AVGPR F, - PTARE) -

_ where, .

.DTAR_MAX miaximum tariff for VNG within region j (dollars per Mcf)

PTAR_F markup for intraregional (j,j) firm service provided by interstate pipelines [from the
~ * . -Pipeline Tariff Module (dollars per Mcf)]
- NEFF_PIPE,, - = . efficiency for sérvices provided for transporting natural gas from the regional hub
’ CoL -. to the VNG dispensing facility [Appendix F, Table F19 (fracuon)]
" PERGDISC =  discount [Appendix F, Table F27 (fraction)] .
. AFP = alternative fuel price [commercial ‘motor gasohne price (dollars per Mct)]
i’ = .end-use sector index (i=4 for transportation sector) .
“j = . region index (jj equates to mnareglonal actmty)

If the full cost VNG markup ‘exceeds the maxnnum competmve markup the full cost markup is set equal to the
maximum competitive markup .
In years when the model is makmg the transition from. the historical markup to the full cost markup, a composxte'
markup is derived by applymg welghts to'the two markups The weight applxed to the historical | markup is derived
"in the equation below: . . .

BETA =1 - (CURIYR-STPHASE)/(EPHASE-STPHASE) . . . @
. where, '
BETA := markup weight (fractio,n) ' ]
CURIYR = ~ cument model year (1=1990, 2=1991,,, 26=2010)
STPHASE =, uyear that transition begins (STPHASE=3, for 1992)
' EPHASE =

- year that transition ends (EPHASE=16, for 2005).
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In denvmg the composite markup, the BETA werght is applred to the hrstoncal markup and a weight’ equal o (1.0-
. BETA) is apphed to the full cost markup )

' Similar to the other sectors, the transportauon price is checked against a minimum price ($0.00001 per Mcf). The

- purpose of this check is to pass nonzero prices to the NEMS Integrating Model in situations where there is no natural

gas demand by a sector in a region. Should the end-use price be very small, the price is reset to the last price that
" is available (either.from a prevrous iteration, model year, or hlstoncal period) for the sector and region.

Eme&mmm$»

'I’he core market markup to the electnc generator sector from the regional ﬁrm service hub is comprised of two'
~components -(1) a markup for intraregional services provided by interstate prpelmes and (2) a benchmark factor to -
-calibrite the model to historical ‘data. "The. benchmark factor must at least cover & nser-specified minimum
dtsmbuuon fee (URFLOOR Appendlx F, Table l'-'29) The equatron for the ﬁnn service markup is shown below:

\ LT

mnmmp nmp+mmmg D Lo m)
- markup for‘core\ market service provided to electric generators, includes intrastate

Sl . . pipeline services and dlstnbutor servwes before adjusting for prpelme fuel use.
s - (dollars per Mcf)

- UTIL_DTAR'F

‘PTAR'F =  markup for mtraregronal (.j) core market service provided by mterstate prpelmes
: - : [frem the Pipeline. Tariff Module (dollars per Mcf)]
UBENCH. = - benchmark factor (dollars per Mcf) -
’ J. = - NGTDM regior index (j,j equates to mtraregronal actrvrty) .
. n - = Electricity Market-Model region index .
v-_k = -regton mdex (NG'IDMIEMM)

[Note A factor (TILT) for slnftmg dtstnbuuon costs, between end-use service-categories is
also added to UTIL_DTAR__F but i is cmrently set to Ze10 (Appendxx F Table F29)]

- Benchmaﬂc factors for hrstonw.l years are denved from drfferenees in hrstoncal pnces and model generated pnces
for the hrstoncal penod as shown below o i

mmm mmmmamnmr "n'-_' o (46)
where,' ) o ‘ o , : , : ‘ ’

"UBENCH ~= benchmark factor (dollarsperMcf) " RS e

HPGFELGR -= " “historical natural gas end-use ‘price for core market service to electric utilities-

_ [parameters for derivation in Appendix. E, Table E17- (dollars per Mcf)]

.UTIL_PR_F ' =._ _end-use price-for core market service :to electric utilities, from .the Annual Flow
' ..+ .‘Module solution matrix (dollars per Mcf) ' . :
"k, = region index (NGTDM/EMM)
‘ t = model year index S P
j = NGTDM region index - - L
n .= Electncnty Market Module regton mdex

After the lustonw.l penod is completed, the maximum reglonal benchmark factor to be used in the forecast penod

* is set equal to the average of the benchmark factors for-the last 2 years that historical data are available (1992 and
1993). The minimum benchmark factor-in.a Tegion is-equivalent to the assumed minimum distribution fee. -
(URELOOR). Over the next UBENYRD years (Appendix F, Table F29), the applied benchmark factor in a region
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is scaled down from its maxlmum level to its minimum level plus a percentage (UBENPER Appendxx F, Table F29) .

of the dlfference between the maximum and the mlmmum Ievels.

Similar to the other sectors, the core market electric generator sector price is checked against a minimum price

" ($0.00001 per Mcf). The purpose of this check is to send a nonzero price to the' NEMS Integrating Model in

situations where there is no demand for firm natural gas service by electric generators in a region. Should the end-
use price be very small, the price is set to.the last price that is available (either from a previous iteration, model year,
or historical period) for the sector and_ region. - .

Noncore Markups and End-Use Prlces

®

lndustnal Sector

‘where, - R

where,

End-use prices for mdustnal noncore customers are established by adding a markup to the natural gas supply price

for the'noncore segment at the regional market hub These markups are endogenously derived as the difference
between esumated hlstoncal 1993 end-us¢ prices and the NGTDM reglona] noncore hub price as follows:

NONU_DTAR 1

i=3j

NONU_:DTAS_L-.:,. = -markup for mtemxpuble serv1ce provxded to the industrial sector, before adjustmg )

for pipeline fuel use (dollars per Mcf)

HPGIN =  historical natural gas end-use price for the noncore mdustnal market [Appendix E,
. ) , Table E8 (dollars per Mcf)) . .
NG_MAGPR.I = hub price for noncore service [from Annual Flow Module solution matnx (dollars
. . -perMcf)] )
i - = end-use sector index (1-3 for mdustnal sector) . .
j = regmnmdex . . L A

The mdustnal noncore maﬂmp is held constam throughout the forecast penod.

Electric Generator Markup- Campetitlve-with-nesldual Fuel Oll

Natural gas priced compeuuve -with-résidual fuel 011 is marketed to dual-fired electnc generating units that .are
switchable to residual fuel oil. The markup for this category is based on the.value of service to the sector as
determined by the competmg residual fuel oil price. The alternative fuel price used in deriving the markup for"
natural gas prices is set equal to the quantity weighted average price of high and low sulfur residual fuel oil delivered

to electric generators, If the total quantity of residual fuel oil delivered o electric generators in a region.is small
(less than 1000 MMBtu) the alternative fuel price is set equal to either the high or low’sulfur residual fuel oil price.
‘The price chosen is based on fuel quahty wnh the Iargest quantity consumed in the reglon The markup is derived
from the followmg equauon - .

¥ N

UTIL_DTAR IR, = PR_MIN » UEFF_PIPE,, - NG_MAGPR_IJ. - @8)

markup for -noncore market service provided to electnc generators swnchable to
‘residual fuel oil (dollars per Mcf)~ .
mnnmum pnce of nawral gas (dollars per Mcf)

"UTIL_DTAR_IR

PR_MIN

*4*Historical noncore mdustnal prices (Table E8. Appendxx E) were based on~data from the 3/31/94 draft version of
Manufacmnng Consumption of Energy 1991, .
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UEFF PIPE = efﬁcxency for services provided in transporung natural gas from the reglonal hubto

end-use customers [Appendix F, Table F19 (fraction)]

NG_MAGPR_I = hub price for noncore service [from Annual Flow Module solution matrix (dollars
. per Mcf)]
j = NGTDM region index
n = Electricity Market Module region index.

The core markup serves as an upper bound to the noncore markup defived in the above equanon The price PR_MIN
is set equal to (1) a discounted alternative fuel price or (2) the interruptible natural gas price solved for in the Annual’
Flow Module, whichever is the greater price. The discounted alternative fuel price is the product of the alternative
fuel price times a discount factor.. The discount factor is the lesser of the gas to residual oil price ratio provided by
the Electricity Market Module (GRATMAX, which is equal to the price at which electric generators will use the
- maximum amount of available gas) or ‘the gas to residual fuel oil price ratio exogenously specified by the user
[NGRA'IMAX, (Appenrhx F, Table F23)]. The noncore natural gas price -solved for in the Annual Flow Module
will equal the noncore hub price (NG_MAGPR_I) in region j plus the markup for interregional service provided by
" interstate pipelines (PTAR_L;) plus the minimum distribution fee (URFLOOR). . This algorithm will maximize the -
) ... oseof ‘natural gas in markets where natural gas competes with residual fuel oil subject to the condition that foll cost
R reoovery takes place, and will also ensure that gas is not priced, below the mghest pnce at which electric generators

wﬂl use the ma:umum 2as avaxlable

L]

Electrlc Generator Markup- COmpetitlve-with-D:stillate Fuel Oil

Natmal gas pnced compeunve-wnh-d:sullate fuel oil is marketed to gas turbines and’ dua] ﬁred turbmes that are'
* switchable. to distillate fuel oil. This markup is based on the value of service to the sectof as determined by ‘the
~alternative distillate fuel oil price.. The markup is defined as the differénce between the product of 1) a discount
factor for region j [UDPD1, (Appendix F, Table F23)] multiplied by the price of distillate fuel oil to electnc uulmes .
© 4n the mgxon and 2) the noncore natum] gas pnce at the mglonal hub (NG MAGPRI,)

The compeuuve-mth-d:stﬂlaxe fuel oil markup for services is oonstramed by maxxmum and minimum values. If the
markup derived from the discounted alternative-fuel price exceeds the core market electric generators -markup, the
- value is set equal to the electric generator ‘sector core market distribution markup minus a user specified discount
(UDFLOOR, currently set at $0.10 in 1987 dollars per Mcf). If the markup derived from the discounted alternative
fuelpncexslwsthanamlmmummarkup the markup is set to the minimum. Themmmmmmarkuplsthegreater
- . of either the competitive-with-residual fuel oil markup or a user-specified minimum threshold markup that equals

the sum of the mtraregxonal interstate pxpehne tariff and UDFLOOR. -
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7. Capacuty Expansnon Module Solution Methodology

~ The Capacity Expansion Module (CEM) is a component of the Natural Gas Transmission and Distribution Model
(NGTDM). Its function is to determine future interstate pipeline-and storage capacity expansion requirements, firm
and total pipeline utilization estimates, and net storage withdrawal levels to meet core and noncore demand for use
by the Annual Flow Module and/or. the Pipeline Tariff Module. A flow diagram 1llustratmg the general structure
of the CEM is provided in Figure 7-1. These results are determined based on an equilibrium between expected -
changes in gas consumption levels and supply availability corresponding to a CEM forecast year (represented as the -
Annual Flow Module model year "t" plus look-ahead years "ni").” Like the Annual Fiow Module, it is structured
asa transportauon network servicing both core and noncore customers; however, it bases its capacity and storage
uuhzauon/expansron decisions on seasornal firm service loads, thus accounting for peak period and off-peak period
consumption requirements. This two-period network structure allows for a more accurate representation of the
capacity build decisions and storage requirements, as well as a mechanism for setting maximum utilization levels
for the Annual Flow Module. It is important to note that withont the total market (core and noncore) ‘being
represented in the CEM, natiiral gas production levels cannot be ‘properly represented and maximum uultzauon levels
cannot be properly determmed

Formulated asa hnear program, the CEM determines the capac1ty expansion and flow decrstons wlnch correspond
“to the least cost solution for achieving an equilibrium between expected supply and demand levels for natural gas.
It is designed to determine pipeline and storage expansion and utilization levels that correspond to satisfying core

. and noncore demands represented in both the peak and off-peak periods. Price curves for storage and pipeline

expansion are employed 1o represent the costs associated with expansion options. The decision to expand capacity -
in the ‘model is based on the criterion that peak period firm service requirements -for design weather conditions®®-
must be met. Thus, when current capacity levels are fully utilized, the model simultaneously determines the relative
difference in price to the consumer among the following activities:” (1) adding more pipeline capacity, (2) adding -
more storage capacity to enable the transfer of gas to a core customer in the peak period, (3) adding no more pipeline
Or storage capacity but taking an-altemate: route, and/or (4) temporary interruptions of supplies to some noncore
customers, Given that the price to the consumer is a combination of the wellhead price, the transportation charge,
and the storage fee, the availability of supply and its relative regional price are included in this determination. The

_ location and amounit of pipeline and/or storage capacity expansion determined by the CEM serve to satisfy the
Nation’s expected firm service reqmrements for-the lowest price to the consumer.

For this model to operate properly, a number of parameters are derrved. Some are derived from data passed from
other NEMS models, such as supply-curve. ooefﬁctents and expected core and noncore consumptior levels, Others
are based on the results from other NGTDM modules, such as the price (or tariff) curves for interregional pipeline
and storage capacity expansion provided by the Pipeline Tariff Module. Finally, some .of the parameters for the
CEM are based on. exogenously determined relanonshrps and are assigned drrectly within the module.

The followmg sections present the CEM i in'more detarl The methodologres used to represent supply, demand,
pipeline capacity price curves, and storage capacity price curves used in the CEM are presented first. - ~Then, a
general description of the CEM linear F program is presented, followed by a mathematical specification. Finally, the
methodologies used to calculate the. maximum pipeline utilizations and the net storage flows used by the Annual
Flow Module are provided. The variables for which the CEM solves are:' (1) the flows along each arc (including
flows associated with storage),-(2) the incremental prpehne capacny expansion requtred for each arc, and 3) the
storage capacity expansion reqmred for ‘each region. ) ] - o

“"The look-ahead year n is an input parameter lhat reprecents the minimum planmng bhorizon for construeung new prpelme and_
storage capacity in the CEM.
' “Desrgn weather is defined as the pattern of temperatures whrch results in degree days which are a certain percent colder than -
nomal. Firm service customers (primarily local distribution companies) use demand esumates under design weather condtuons
for assessmg their future need for firm prpehne transportat.ron service. .

’

ElAModel Documentation: Natural Gas. Transmission and Distribution Model Volume | "7-1



Figure 7-1.-

Tariff curves in the
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‘Supply Representation

As with the Annual Flow Module, natural gas supply sources have been classified into the following basic categories:
" onshore and offshore dry gas production, Canadian and Mexican imports, liquefied natural gas imports, Alaskan gas
transported via the Alaskan Natural .Gas Transportation System, synthetic natural. gas, and other supplemental
supplies.. Of these categories, all except onshore, offshore, and synthetic natural gas production are considered to
be constant (or fixed) supplies within.the CEM each year. The approach used to represent variable® supply sources
- is similar to that used in the Annual Flow Module. When a supply source is designated as fixed, the annual

production is split into peak and off-peak levels based on assumed shares (SUP_PKSHR, Appendix F, Table F30)..

When a supply source is designated as variable, the portion of the annual production which can be used in either
period is capped at assumed percentages of the annual producuon (SUP PUTILZ and SUP _OUTILZ, Appendix F,
Table F30) ‘ .

) Dry Gas Praductlon 3

‘s

Both onshore and offshore dry gas producuon levels are a function of regional begmmng-of-year natural gas reserve

levels and expected-production-to-reserves rafios, with functional forms identical to those used in the Annual Flow-
: Module. The parameters defining these supply curves (provided by the Oil and Gas Supply Model) correspond to

production levels for the ‘year following the Annual Flow Module forecast year (current mode! year plus, 1) and,

therefore, serve as an approximation for supplies available to the CEM in the CEM forecast year (defined as current* -

‘model year plus n). As in the Annual Flow Module, maximum and minimum supply levels are represented for each
--region. The minimum supply is defined as a specified percentage (PARM_MINPR, Appendix F, Table F11) below

the product of the feserves and the production-to-reserves ratio. Likewise, the maximum supply i is determined to . -
be a specified percentage (PARM_ MAXPR Appendrx F, 'I‘able F11)-above the product of the reserves and the .

-producuon-to-reserves rauo

.Natural Gas Pipelme lmparts o - . e o

Imports from Mexico and Canada for each CEM foremst yw are represented in the CEM for €ach border crossmg
* node. Mexican imports are represented as constant supply available to the firm network only. These. imports are
"provided directly by the Oil anid Gas Supply Model as annual supplies. _The CEM then uses exogenously defined
values (Appendix F, Table F30) to split these annual nmn‘Qers into seasonal supply levels (peak and off-peak-splits).
Canadian imports are determined from Canadian pipeline mpacmes and utilizations. . Canadian pipeline capacities

are provided by the Oil and Gas Supply Model, while utilizations are- defined by -the NGTDM.- Utilizations

correspond to firm-and interruptible networks and are composed of two categories: seasonal and annual. Seasonal

utilizations (Appendix F, Table F34) are exogenously defined for the NGTDM and kept constant throughout the

model. Annual utilizations, however, are calculated by the CEM in the previous forecast year and are based on
- imports resulting in that year. The Canadran produced natural gas which passes through the United States on its way

to Canadian markets (as described in Chapter 3) is split into ‘peak and off-peak levels based on assumed shares

(CANFLO_PFSHR, Appendix F, 'I‘able F30) “Both Mexican and Canadian i nnpons are represented as ﬁxed supphes
" each year in the CEM. . -

‘Liquefled Natural Gas lmports and the Alaskan Natural Gas Tnansportatlon System :

The levels of hqueﬁed natural gas imports into the four desxgnated entry pomts and the level of gas entering the
-United States via the Alaskan' Natural Gas Transportation System, are provided to the CEM, as well as the Annual
- Flow Module, by the Qil and Gas Supply Model. For both of these sources, the level of supply assumed in the CEM

-

"The producuon levels for variable supply sources are endogenously detemuned wnhm the CEM as a function of the natural
gas pnce ) L ) ) )
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for a future forecast year, is the level of supply the Annual Flow Module will actually see in that forecast year, Gie., |

the CEM operates under perfect foresight with regard to these two supply categones)

For the Annual Energy Outlook 1995, the liquefied natural gas rmports are provided by the Oil and Gas Supply

*Model.. To accomplish this, the solution price from the Annual Flow Module at the nearest associated market node’

is provided to" the Oil and Gas Supply Model at the end of each forecast year. This price is used as a basis for
deciding whether or not the capacity at the associated gasification plam will be expanded. The Qil and Gas Supply

. Model assumes that any.added capacity will not be available for use until at least "n" n" years (as defined in the CEM)

after the decision.is made to expand. The decision to build is not reversed, even if the price in intervening years
falls below the originally required threshold price. The utilization rates for the gasification plant capacities are set

exogenously. Because of the lead time for these builds, the Oil and Gas Supply Model is-able to provrde the CEM . |
. wrth the nnport levels for liquefied natural gas for "n" years beyond the current forecast year. .

Wrthm the Orl and Gas Supply Model, the initial bmld (for those segments not already in exrstence) and the potenua]
expansion decisions for the Alaskan Natuml Gas Transpontation System is structurally identical to the method vsed
for -endogenously forecasting the- expansron "of liquefied natural gas gasification facilities. . Therefore, the

reprecentanon of the Alaska Natural Gas Transportation System i m the CEM Likewise is similar to the approach taken -

for representing liquefied natural- gas imports ‘in the CEM. Nawral gas supplied by Alaska Natural Gas

Transportation System.is provided by the Oil and Gas Supply Model based on the border price at the U. S/Canadian

border adjoining the Pacific Census Division. The Oil and Gas Supply Model assumes-that the final pipeline

.-connection (and any subsequent expansions) of the Alaska Natural Gas Transportation System will be completed at”

: least n"” years after the referenced border pnce is hrgh enough to recover costs for the completron of the project.

" Petrolenm Market Model) and the gas-to-oxl price ratios (obtained from previous year results). The level of -

. production of natural gas from coal for each model year is provided by the Coal Market Model and is represented -

\

B AN

Assaclated-Dissolved Gas, Synthetlc Natural Gas, and Other SUpply Sources

Three supply categorres ‘Temain: assocrated-dtssolved gas from orl synthetic natural gas from coal, and other
supplemental supplies. -Associated-dissolved gas production is represented as a constant supply in both the Annual ‘

‘Flow Module and the CEM, and is determined from the average daily crude oil production levels (provided by the
associated-dissolved .production .set within- the ‘Annual Flow Module is used in the CEM: Similarly, synthetic

as a constant supply within the Annual Flow Module™ and, therefore, also within the CEM. Since both of- these

supply categories correspond to current year levels, they serve as an approximation for synthetic natural gas from ‘

- coal and associated-dissolved gas available to the CEM in the CEM forecast-year (defined as Annual Flow Module

forecast year plus n). Synthetrc natural gas produced from liquid hydrocarbons is treated as a variable supply.type. .
~within the CEM. The quantity of synthetic natural gas produced is calculated as a function of the market price for

natural gas, with the same functional form and constraints used in the Annual Flow Module. Finally, since other . °
- supplemental supplies are assumed to remain constant thronghout the forecast in the Annual Flow Module; they also -
 are assumed constant i the CEM (Appendix F, Table F12) : . .

P

A

: 'D‘enta'nd Representation.

Demands within the CEM include end-use consun‘rption; export demands, and pipeline fuel eensumption. As with

the Annual Flow Module, end-use and export demands for forecast years beyond the current model year are defined
by other models within NEMS, while pipeline fuel is accounted for through exogenously defined pipeline efficiencies
{Appendix F; Table F19). End-use consumption levels are provided on an annual basis by region (Census or

" .. NGTDM/EMM) and type of service (ﬁrm or. mterruptrble"), and are considered to be fixed demands in the CEM..

"~

. ®Each forecast year, the' Coal Market Module of NEMS estimates the amount of natural gas which will be produced from coal
’ .The current system'does not provide a mechanism for estrmatmg these levels beyond the current forecast year. Such an

enhancement will be considered in the future. -
SlFor the electric utility sector, the interruptible service class is further subdrvrded mto "competitive with distillate” and

eompeuuve with residual fuel orl," as described in Chapter 3.
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Similarly, expon demand forecasts are provided on an annual basis for each border crossing node and are defined
to be fixed; however, Canadian exports are assumed to service noncore customers only wh11e Mex1can exporls service
only core customers,

" Since the CEM is a seasonal model, each of thé annual levels must be separated into peak and off-peak consumption.
The CEM contains exogenously specified percentages for disaggregating these annual consumption levels into peak
and off-peak periods. These shares (Appendix F, Tables F3 and F4 for consumption, Table F30 for exports) have
been estimated using historical monthly consumption data reported by sector and region, combined with annual
estimates of demands for firm -and interruptible service. Historically observed heating’ degree days have been
included in the residential and commercial sector estimates so that the resulting shares reflect normal weather patterns

- (average monthly heating degree days). A future mods] enhancement may be to establish these peak/off-peak shares
endogenously. For: -example, seasonal -shift§ in the demand for electricity (as represented within the Electricity
Market Model) could be used as a basis for endogenously determining shifts in seasonal-demands for natural gas
by the electric generators sector. Likewise, seasonal shares for the other sectors could be specxﬁed at a more

disaggregate level sueh as by type of end-use {e.g., space heatmg) .

o The ‘forewst yeaxs and regions represenung -end-use sector consmnpuon in the CEM differ from one -sector to
.another, For the industrial, transportation, -and electric generators sectors, forecast consumption Tevels correspond
to "n" years beyond the current model year, while residential and commercial consumption ‘levels correspond to.

"n+h" years beyond the current model year. The "n" represents the number of years required to construct a pipeline

and the "h" corresponds to the planning horizon used by a local distribution company when assessing capacity - ’

requirements®?  As for regional representation, electric generators consumption forecasts are defined by
-NGTDM/EMM regions (Chapter 3), while consumption forecasts for the other end-use sectors are specified by
Census Divisions. As in the Annual Flow Module, estimates of Alaskan natural gas consumption are generated in

- the CEM in order to derive separate consumption levels for the Pacific Contiguous Division. Similarly, consmmnption
,,levels within three of the Census Divisions are further subdivided to form separate NGTDM regions using the same
fixed historically derived shares as are used in the Annual Flow Module. These splits include: Florida split from
the rest of the South Atlantic. Division, California split from the rest of the Paclﬁc Connguous Dmsxon, and Anzona i
: and New Mexico spht from the rest of the Mountain DlVlSlOll. )

1

Consumption foremsts are prowded by a number of different sources. The Electncny Maxket Model provides -

" consumption forecasts for the electricity generating sector, and the NEMS system provides eonSumpuon forecasts

for the other non-core end-use sectors .and the core.industrial sector. The consumption forecasts for the core
‘residential, commercial, and transportation customer classes, however, are estimated within the NGTDM and are
based on a maximum growth rate applied.to the current year consumption levels (up to a maximum level). More
" specifically, the forecasted consumption.level equals the curfent yeaf consumption level times a growth rate, If this
value exceeds a maximum level defined by the NEMS system, then the forecast level is set equal to the maximum
level. If, however, the. current year level exceeds the- maximum level, then zero growth’3 is assumed and the
forecast level is set equal to the current year level . . .

Plpellne Capaclty Price CUrve

Initial pxpehne capaclty price curves are developed by the Pipeline Tariff Module at the begmmng of the forecast.
These curves are based on estimates of capital costs of expansion and parameters (such as interest rates) from the
NEMS macroeconomic model. (See Ciapter 8 for a complete description of how these tariffs aré calculated.) Each
cost curve represents the per unit reservation charge on a particular interregional arc based on the annual physical
capacity (design day capacity™ times 365). The base quantity (initial step) represents the existing pipelirie capacity
for the base year (Appendix E, Table E6). The corresponding:-price is the base year reservation charge (i.e., the
demand charge) expressed on a per unit basis. Subsequent steps represent incremental expansion and the

32'I’hese variables were defined as follows in the Annual Energy OurlooL 1995 =2, b=0.
%4t is assumed that consumption levels will not decline.

A pipeline’s design day capacity (or certificated capacity) represents a level of service "that can be mamtamed over an -
extended penod of ume and may not represent the maxmum thmughput capabxhty of the system on any glven day.
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comresponding incremental tariff.. It is assumed that the price curve is nondecreasing. To keep the ‘curve increasing

when additional capacity is expected.to result in declining prices (such as when incrémental capacity expansion is

the result of added compression), the step on the curve associated with this additional capacity is held at the price

associated with the previous step, i.e., the step representing the level of capacity without the addition. A generic
" pipeline capacity price curve is presented in Figure 7-2. The QCAP represents the capacity along an arc, and the

PCAP represents the corresponding unit cost. The UCAP is the maximum capacity that can be used on each step
. (the length.of the st’ep),».and the ycap represents how much capacity was needed for a given solution.

In forecast year t, the CEM determines the capacity expansion for year t+n (the CEM forecast year). Therefore, each
"year the CEM must adjust the price curves based on capacity expansion which was determined in the previous CEM
forecast year, and set to come on-line in year t+n-1. Specifically, thé quantity associated with the base step on the
curve will be adjusted to equal the capacity which will exist on the arc at the end of year t+n-1. Note that
adjustments to the curve have already ‘been made in previous CEM forecasts to reflect expansion in Jany of the
intervening years to year t+n-1. The associated base level tariff is determined as a quantity weighted'average of the
“tariffs corresponding to the current year (1) capacity and the capacity additions made during years t+1, +2,...t+n-1. .
The original tariff levels defined for the remaining steps (i.e.; the capacity addition steps) are then adjusted upward’
by arspecific price delta to ensure that existing pipeline capacity is sufficiently utilized (on a national level) before
“a deciSion to add new capacity is made. IR ‘ .

| Stofage Capacfty Pl'i.Ce,:,Cur\'le‘ L

- Initial working gas storagecapacity price Curves are determined by the Pipeline Tariff Module at the beginning of °
-the forecast. These curves are based on estimates of capital costs of expansion, costs of holding base gas in storage,
. “end parameters (such as ‘interest rates) from the NEMS macroeconomic model. (See Chapter 8 for a complete:
. -description of how these tariffs are calculated.) Each cost curve represents the storage charge per unit (PSTR) as
-a function of the annual workirig gas capacity for a particular region, This storage charge is exclusive of any
. ‘transportation costs to move gasto or from ‘storage areas. The base quantity (initial step) represents the existing
working gas storage capacity. (Appendix F, Table F33). The corresponding price is the iritial storage charge per unit. .
Subsequent steps represent incremental expansion and the corresponding incremental charge, The final step on the
curve represents an upper limit on working gas storage capacity expansion due to known physical limits in a region
. (Appendix F, Table F26) or other nonprice dependent factors. A generic working gas storage capacity price curve
. 'is presented in Figure 7-3. The QSTR represents the storage capacity at a node, and the PSTR represents the
comresporiding unit storage cost. The USTR is the maximum storage capacity that can be used on each step (the

length of the step), and the ystrrepresents how much storage was needed for a given solution.

Each year the CEM must adjus't'tliesdworking gas stbrage pn‘cé curves.based on the current capaclty leveis; similar
to the adjustment made to the pipeline capacity price curves. Specifically, the quantity associated with the base step
. on the curve is adjusted to equal the working gas storage capacity which exists in the region at the end of year t+n-1,

" where t is the current model year and n is the number of years beyond: the current model year for which the CEM . _’

is determining expansion. Since in model year t'the capacity expansion for year t+n is being determined, the base
step includes working gas -capacity for current year t as well as the capacity expansions defined in years
t+L,t42,...,t+n-1. The associated base level tariff is determined as a quantity-weighted averageé of the tariff associated .
with the existing capacity and the tafiffs for each of the previously determined expansions for, years t+1, t+2,..., t+i-
1, as well as the original base storage capacity in model year t. As with the pipeline capacity price curves, the

original tariff levels defined forthe remaining stéps are then adjusted upward by ‘a specific price delta. This measure ™ -

-ensures that existing storage capacity is sufficiently utilized (on a national level) before new storage capacity gets
.added. : . - ‘ oo ) L

—

Linear Program Formulation
LA hnearpmgxammmg @p) framework is used in the CEM as ihe basis for determining expansion requirements for © -
pipeline and storage facilities. As described in Chapter 4, the CEM structare is based on a natural gas transmission

. and distribution system composed of four parallel networks iqtercopnet:ted atthe supply points and the storage points.
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These networks serve to represent the seasonal nature {peak and off-peak) and types of service (firm and .
interruptible) associated with the natural gas market. Thus, peak firm, peak interruptible, off-peak firm, and off-peak
interruptible service are modeled by the four networks. The CEM LP is solved in two phases: The first phase-
establishes pipeline and storage capacity expansion requirements, and the second establishes final firm, interruptible,
" peak and off-peak flows. This section describes the CEM LP formulation, the-process used to determine the pipeline

and storage capacity expansion requirements, and the methodology used to define annual pipeline utilizations and
net storage results. ‘ _— \

' General.Descriptiqn‘ of the Linear Program Formulation-'

The objective of the linear ﬁfogram designed for the CEM is to m1mm1ze the cost of-supplying and transporting

" ' natural gas to the end-user, subject to operational and supply constraints, with the requirement to satisfy all demand.

for firm service under design weather conditions. This section gives a general description and justification of the
- linear programming formulation (objective function and constraints), and a subsequent section includes the explicit -
mathematical equations representing the formulation. . ‘ : '

The tobjective -function has been formulated to-miniﬁsze costs. ‘These costs include the costs of supplies,
transportation along the established network, and costs of additional pipeline and storage capacity. The objective
function can be represented as follows: ' .
. .miinimize - {transportation costs + supply costs + pipeline expansion costs + storage expansion’ costs °

' "+ backstop supply costs} - . " T o .

" :A mass balance constraint is includea for each transshipment node. "This constraint en;sures.that the total input'to .
the node equals the total cutput from the node. In general, gas flowing into a transshipment node comes from other

., transshipment nodes, supply points, aid (in some cases) storage, while gas flowing from a transshipment node goes
+* .to'demand points, other transshipment nodes, and (in some cases) storage. Flows into and out of storage have been - -

+ defined to benetwork dependent because gas generally is injected into storage in the off-peak period and used to °
satisfy core customer demand during the peak period. (Peak noncore customers also may draw from storage if it
is not needed for core customers.) _Therefore, in the linear program formulation, gas flows into a regional storage
point from transshipment nodes (in the same region) on the off-peak firm-and interruptible service networks, and
flows out of the same storage point to -transshipment nodes (again in the same region) on the peak firm and
. - interruptible service networks. A gerieral transshipment node mass balance constraint is listed below for each of the
, . fourparallel metworks. - : - - - R

For each peak ‘Period firm service network transshipment node:
v P . B ‘ . ”, .- .

- (flow into the transshipment node from other peak period firm service network transshipmient nodes) + (flow

. - into.the transshipment node from supply points in the region) + (flow into the transshipment node from

. storage in the regjon) - (losses) = (flow out of .the transshipment node to peak period core demand points
. in the region) + (flow out of the transshipment node to other peak period firm service network transshipment

‘nodes) - o
For each peak period interruptible service network transshipment node:
(flow into the transshipment node from other peak period interruptible service hefwork_tfansshipn_lent nodes)
+ (flow into the transshipment node from supply points in the region) + (ﬂpw imo the transshipment node
from storage in the region) - (losses) = (flow out of the transshipment node to peak period noncore demand
points in the region) + (flow out of the transshipment node to other peak period interruptible service -
. metwork transshipment nodes) - - SR ‘ .o
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For each off-peak period firm service network transshipment riode:

(ﬂow into the transshipment node from other off-peak period firm service network transshipment nodes)

+ (flow into the transshipment node from supply points in the- region) - (losses) = (flow out of the
_transshipment node to storage in the region) + (flow out of the transshipment node to off- -peak period core

demand points in. the région) + (flow out of the transshrpment node to other off-peak period firm service
- network transshrpment nodes) . l

For each off-peak penod mterruptlble service network transshipment‘ node' ) . b )

~(flow into the transshrpment node from other off-peak period mten'upuble service network uansshtpment
" modes) + (flow into the transshipment node from supply points in the region) - (losses) = (flow out of the
‘transshipment node to storage in the region) + (flow. out of the transshipment node to off-peak period
noncore. demand points in the region) + (flow out of the transshrpment node to other off-peak period
mtenupuble service network transshipment nodes) . ’

. A mass balanoe constraint also is included for each storage pomt Thls constraint ensures that the total gas-input
into storage equals the total gas output from storage, net of losses (Appendix F, Table F22). As mentioned above,

" gas flows to storage from the off-peak period firm and- mtermpuble service networks, and gas flows out of storage
to the peak period firm and initerruptible service networks. The flow comes from arid goes to the transshipment node

. correspondmg to the same regron as the storage p’omt. A mass balance constraint for storage is presented below. -

. For each storage pomt. -
~ (flow of gas intoa storage pomt from the off- peakpenod firm service network transshrpment node) + (ﬂow

. of gds into a storage point from,the off-peak period interruptible service network- transshipment node) -

" (losses) = (flow of gas out of the storage point.to the peak period firm service network transshipment node)

T+ (ﬂow of gas out of the storage point to the peak penod mterrupuble service network transshipment node)

- Each demand pomt also has amass balance constramt represented 'l'!ns constraint ensures that the quanuty alloeated
to the end-use point équals the expected consumption level associated with that pomt. All expected core market’
~ demand (peak and off-peak) must be satisfied; however, pipeline and storage facilities can only be built to meet peak
- core demands. -Jt is assumed that the resulting capacity levels will be sofficient to accommodate flows to satisfy core .
off-peak period requirements. Since new facilities are not ‘built for the satisfaction of noncore demand, a backstop
supply is a modeling structure introduced to represent the portion of the noncore demand for natural -gas which
cannot be satisfied by conventional supply sources-and must be interrupted. A general transshtpment node mass
balance constraint is hsted below for each of the four paralle] networks s

For each peak penod core demand pomt.

o (ﬂow from a peak period firm service network transshxpment node in aregton to a peak penod core
demand pomt in the: regron) (losses) (quanuty consumed at that peak penod core demand pomt)
For each peak period noncore demand pomt. , o . = ‘
. .- y
(flow from a peak penod mten'upuble service network transshipment node in.aregiontoa peak period
noncore demand point in the region) + (backstop supply) (losses) (quantity consumed at that peak penod
.noncore demand pomt) ’ )

'For each off-peak penod core demand pomL ”

(ﬂow from an off-peak period fum service network transshipment- node in a‘'region to an off-peak penod
. core demand point in the regxon) (losses) (quanuty COnsmed at'that off- peak penod core demand pomt) ..
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For each off-peak pe;iod noncore demand point:

(flow from an off-peak period interruptible service network transshipment node in a region to an off-peak-

period noncore demand point in the region) + (backstop supply) - (losses) (quantity consumed at that off-
peak penod noncore demand point)

Supply utilization constraints are mcluded for each supply point, and are represented as peak supply constraints and ‘
off-peak supply constraints. Since gas may flow from a supply point to a transshipment node (in the same region).

in any of the four parallel networks, these supply constraints ensure that the flows (including losses) do not exceed
the total amount supplied at that point. The constraints also ensure that the quantity flowing from the supply point

has been properly split between the peak and off-peak period during any one year. The peak supply constraint states'

- that, for any supply type and any-supply level, a specified portion (Appendix F, Table F30) of the annual supply flow
must be used to supply peak demands. - Similarly, the off-peak supply constraint states that a specified portion of

" the annual supply flow must be used to supply off-peak demands. The latter constraint is defined slightly differently .

for onshore and offshore dry gas production: the supply quantity supplied to the off-peak networks must be less than
or equal toa spemﬁed poruon of the total annual dry gas production level The oonstramts are as follows

(

For each supply pomt.

(flow from the supply point toa peak'penod firm service network transshxpmenl node) +\(ﬂow from the
. supply point to a peak period interruptible segvice network transshipment node) = = (peak share-of total
snpply) * (total annual quantity supphed from.the supply curve) .

. For each -onshore and. offshore supply pomt.

(flow from the supply point to-an oﬁ'-peak penod firm service network u'ansslnpment node) + (flow from

the supply point to an off-peak period interruptible service network transshipment node) < (off- peak share

of total supply) * (total annual quanuty supplied from the supply ourve)

‘ "For eaeh supply pomt excludmg onshore and offshore supplxes

-

(ﬂow from xhe supply point to an off- peak penod ﬁnn service network transshxpment node) + (flow fromr

the supply pomt to an off- peak period interruptible service network transshipment node) =(off-peak share
-of total supply) * (total annual quanuty supphed from the supply curve) .

" A constraint (refexred to'as the alpha constramt) was originally designed to prevent backstop prices from uanslanng_

back through the network from the demand points when backstop supply was required. It has since been determined
 to be unnecessary and will be removed.from the model in a subsequent version. The alpha constraint states that the

- total interruptible flows from a node to the end-use demand points must be less than or equal to total noncore end- -
use demands.. The right hand side is represented as: alpha times total noncore end-use demands. Note that the alpha .

constraint in'the current model has been deactivated by permanently settmg the alpha factor to 1.0, The general form
of the alpha constraint is presented below.

(flow out of the transshipment node to peak period noncore demand points in a]l Tower 48 regions) + (ﬂow
out of the transshipment node to off-peak period noncore demand points in all lower 48 regions) - losses

< (alpha factor) * ((total quantity consumed at the peak period noncore lower 48 demand point) + (total -

quantity consumed -at the off-peak period noncore lower 48 demand point))’

Capacity expansion and flow constraints are deﬁned for each interregional arc in the overall network. These

constraints ensure that pipeline capacity is built, as necessar) to satisfy only core peak period demand, and that the -

total flows along the interregional arcs are less than or equa] to the available capacities (base™ plus ; added capacity).
" Within these constraints, seasonal maximum arc )uuhzauon rates are used to-capture the variation in load patterns

”Recall from previous sections that capacity expansion levels are bemg de!ermmed for year t+n; therefore, the base capacity
refers to the capacity exlsung at the end of the year t+n-1.
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and operational- limitations throughout the season. Constraints have been established for firm service peak period
flows, total peak period flows, and total off-peak period flows for each interregional arc in the network. In general, ’
maximum seasonal pipeline utilizations are set equal to the fraction of the year represented by the season times an
assumed maximum utilization rate for-the type of service represented (Appendix F, Table F34) times a factor

" representmg the percentage of the pipe reserved to.account for the potenual of abnormal weather (Appendrx F, Table
F40). . .

"It is the firm service peak period capacity constraint that ensures that no pipeline capacity is built beyond what is
needed to satisfy peak-period core market requirements. It states that total peak firm flow along an arc must equal
total capacity (base plus added capacity) times a maximum peak-firm arc utrhzauon rate. It is the equality
requirement that does not allow new capacity to be built unless peak core demands require additional quantities to -

- flow along the specific arc(s)., The peak total (firm and mterruptrble) period capacity constraint-has been established
-as an inequality constraint to ensure that the flows to satisfy.noncore peak period requirements are less than or

- equal to the remaining peak season effective capacity (i.e., total capacity times the maximum peak season utilization °
-rate) once the core market requirements have been met. In addition, an off-peak period capacity constraint (also as
an inequality constraint) has been developed to ensure that the total off-peak season flows on the arc are less than .

+- or equal to the off-peak season effective capacity (i.¢., total capacity times the maxumm\ off-peak season unlrzanon
rate). “The resulting constraints are glven below for each mterregronal arc.

For each peak firm servwe mterreg;onal arc:
(ﬂow along the arc 1o sausfy core market peak penod requrrements) (evel of base capacity used + level i
of prpelme capacity expansron) * (peak period mterregronal arc maximum unhzatron rate for firm servrce)’ '

t .

. For each peak ﬁrm and mten'upuble service mterregronal arc:

(flow along the arc to sansfy noncore peak penod reqmrements) + (ﬂow along the arc to satisfy core market

© peak period requirements) < (base capacity " level of- prpehne mpacrty expansron) * (peak period -
) mterregtonal arc maxnmnn utilization rate)

-~

; For each off-peak firm and mterrupnble serv1ce mterreglonal arc

(ﬂow along the arc to sausfy noncore off-peak period requlrements) + (ﬂow along the arc to sausfy core -
" market off-peak period.requirements) < (base capacity + level of prpehne capacrty expansxon) * (off-peak
- period rnterregronal arc maxrmum utﬂlz.auon rate) - .

- Storage expansron -and ﬂow constraints are deﬁned for each node in the' lower 48-State pornon of the network.
-."These constraints-ensure that storage capacity is built, as necessary, to satisfy peak period core market reqmrements
and. that the flows from storage are less than or equal to the total -available storage capacity (base® plus added .
: capac:ty) Constraints. have been established for firm service peak period flows and total peak period flows from
- storage locations at each node. Storage utilization rates (Appendix F, Table F31) have been used to define the
‘maximum storage levels used for peak firm service and total peak storage. The peak firm service constraint has been
established as an equality constraint to ensure that no storage capacity is built beyond what is needed to satisfy peak -
period core market requirements. The total peak constraint has been estabhshed asan mequallty constraint to ensure
that the flows to satisfy noncore requirements are less than or equal to the effective storage capacity remarmng after .
the core market requrrements have been met. The resulting constramts are given below.

For each. storage pomt.

i (flow from the stora,_.e point to the peak penod firm servrce ‘network transshipment node) ((level of base .
" storage capacity used) + (storage capacrty expansion)) * (peak penod maximum storage utilization rate for
ﬁrmservrce) . ) i :

. "Recall from prevrous sectrons that storage capacity-expansion levels represent workmg gas capacmes and are being determined -,
for year t+n; therefore, the base storage refers to the workmg gas storage capaclty existing at the end of the year t+n-1
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For each storage point:

(fiow from the storage point to the peak period interruptible service network transshipment node) + (flow
from the storage point to satisfy core market requirements) < ((base storage capacity) + (storage capacity
" expansion)) * (peak period maximum storage utilization rate for total peak service) -

* Similar to the AFM, minimum flows have been defined for the CEM firm service networks (in the form of lower
- bounds on the flow variables). These minimum flows are defined to be a fraction of the resulting firm flows in the
Annual Flow Module in the current model year plus an estimated utilization .of the new capacity added between the
current model year (t) and the beginning of the CEM forecast year (t+n). As in the Annual Flow Module, this
fraction is exogenously specified (Appendix F, Table F32) and is intended to represent the level of flexibility core
. customers exhibit in changing their selected routes for transporting natural gas from year-to-year, even if relative
costs would indicate a change would be prudent (e.g., flexibility would be lessened due to the existence of long-term

contracts). ‘Finally, maximum utilization rates are used to split the minimum firm flow into peak and off-peak' .

" -minimum firm flows, as described below.

" For eg‘cli 'interrcgional arc on the peak firm service network: |

peak firm flow 2 (minimum ﬂow'fréi:ﬁor;) * (estimated firm ﬂpﬁ) * (peak péxiod share of firm flow)

For each iﬁierregipnal arc on the‘off_-i)eak firm service network:

'off-pcék,ﬁxm flow 2 (mlmmum flow . fraction)* (estimated firm ﬂow_)r * (off-p&k period share of firm

flow) . - - : o -

Additional constraints ‘are represented as lower and/or upper bounds on the flow variables. These include lower
bounds set for flows along all arcs (and networks) with bidirectional flows,” as well as upper and lower bounds
. set on all flows into (off-peak firm and interruptible) and out of {peak firm and interruptible) storage. Finally, a
‘number of bound constraints are needed to completely describe the step functions for the supply, capacity expansion,
and storage expansion curves. These bounds serve to define the lengths of each of the steps on the curves.

“Thus, the linear program solves for. the level an_d' location ofstoragé and pi;ieline. capacity expansioh; as well as the

- associated peak and off-peak flows. Note that the amount of capacity expansion is a continuous function; Although,

for a given pipeline company, capacity may be added only through discrete projects, the arcs in the CEM represent
aggregates of pipeline companies. Taken together these companies can add mp;city in virtually any desired quantity

through ,combil_lations of hddit_ional compressor capacity, looping, or other means.

. Mathematical Specification of the Linear Programming Formulation

. This section presents the set of équations which establishes the linear programming formulation for the CEM. This
set is-comprised of an objective function, flow constraints, and bounds on model variables.

”Minimum flows for bidirectional arcs in the CEM are set by multiplying the corresponding minimum flows established in
the Annual Flow Module by assumed peak shares (Appendix F, Table F38). . .
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s xa.L *ycapwl
s.\ k=] ij

Gz E Olxqzzly .(49)

-

-transshipment node

demand type’ . . .. re
supply type :
storage

'steponthecurve s L

number of steps on the curve

" ar¢ connecting transshipment nodes i and j.
. arc from transshipment node i to demand point a
"arc from supply point's to transshipment node i -

arc from transshipment node i to storage point st

-arc from transshipment node i to.storage point st -

\

-

peak period
off-peak period - -
firm - o

intem_rpiible

ianff (pipeline usage from'nbde td ﬁode, 'ge.nhenng charge from sﬁpply point to node,
~ ‘or.distributor charge from 'node to end-use pomt), (dollars per Mct)

efficiencies (fraction)

" maximum allowable utilization of an arc in the season (fraction)
. maximum percentage of supply-available.for demand type (fraction)
- maximum percentage of storage, avaﬂable to demand type (fraction)

quantity demanded (Bcf) .
flow from Annual Flow Module in year t, plus esumated utilization of mpacxty

" added after year t throngh year t+n (Bcf)
- - period share of total flow (ﬁactlon) i

minimum flow for bidirectional arcs (Bef)

minimum ‘flow allowed into or out of storage for specified network (Bcf)
maximum flow allowed into or out of storage for specified network (Bcf)
factor used to bind the alpha constraint (fraction)

total demand for a demand type (Bcf)

.’ percent minimum flow requirement (fracnbn)

prices on the supply steps (dollars per Mcf)

'_ pnces on the plpelme capacity steps (dollars per Mcf)
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o pﬁces on the storage capacity stei)s (dollars per. Mct)

= price of backstop supply (dollars per Mcf)
LSUP = lower bound on supply step (Bcf)
USUP = size of supply step (Bcf)
UCAP =  size of pipeline capacity step (Bcf)
~USTR = size of storage capacny step (Bcf) . -
the variables are:
X = -ﬂowfromxtol(Bcf) ) )
ysup,;; =  for supply point (s,i), the amount of supply step k taken (BcO
yeapy, = for arc ij, the amount of pipeline capacity step k built (Bcf)
" yeap;o = for arc ij, the amount-of base pipeline capacity taken (Bcf) ‘
ystr; .= for storage-point (st,i), the amount of storage capacity step k built (Bcf)
o ystr;0 =  for-storage point (sti), the amount of base capacity taken (Bcf) ’
qzzi,, = * amount of backstop-supply used for demand pomt 1,4, (Bcf)

v e
"l

Mass Balance Constramts at Each Transsmpment Node (m):

Al

Xx,.,,,:mlz‘.FFP + Exm*EFFP ¥ Ex,;'_'; - Exm, + Exm_,

Mn . . im ) -
E wEFFfm + Exm*EEFP + Ex,,, Z:x“ + Exm,
~im,, xm
'E *EFFO +- OF*EFF&,‘:E °Fl + + E OF
‘lim - : . ) " . i¢m .
>: oL EFFD, "Evg‘:f,tﬁFFfm S5 LA SLANS .

), im .. * " i - itq -~ -

Mass Balance Cohstréims at Exch Storage Point (st): - SN :

(xm + xm)* S Xp + xm

Mass Bal;mce C_onstraims for Deman'ql Points G,d): * T

’

xi'f-rEFF; = QDEMO;
x,'daEFFm + qzz.,.‘l = QDEM

EFP,, = QDEMO,‘:," E

;g‘j,‘*mrw +qzz = QDEMO;;
Supply Utilization Constraints at Each Supply Point (s,i):

c .
< PF Pl P
Xy F Xy = kzlysuPsi.k*UPﬁ
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. Fo'r onshore and offshore supply types only, i
X3 + % S Zysup,, +UP] : | - : ©0
k=1 . b :

For all supply types other than onshore and offsho're, ‘
x5 +%; = Tysup, #UP; o S | 6D

‘Alpha Constraint:® . - -

. pMp? . DMD® - - .
S (G x.‘},) ALPHA » 5 2 G “y SN (7))
a ia EFF5,  EFES. o S :

: Pipeline Capacity Constraints for Each Arc (i)

" §?1=,_U§ {(yéapm '{EY@'I&J;)I o SR R ©3)

. . l R . ‘. " - . - KN - . - . i . ' ', . .
AR Us?*(_&’c?pmv.-f Ty oo - L Aeh
XgF'-l- x,gl S“ant(ycapw +. Zycapw_k) PR L ‘ L L '§65),

) Storage Cap ty Constramt for'Edch Reglon (St,l)
x,,!’f.;US'.r“j *(ystr +Eystr L e

'.‘kﬂ# iﬁf UST,’; :'r (ys o+ Eystru_k) K ‘ B 67
) MinixnumﬂBoml‘ds'on Peak an'd fo-pea_k Eirm Flow\(/s for woh Arc(ij): - -

x,azpmmo"*ﬁsmow%sn&, - T (68)
ig;;*’;’ éo:rmp,-?_ a::Esm.ow,E *.Sm? . L ®

Other bound constramts set minimum ﬂows along bxdn'ecuonal arcs, as well as mmmmm and maxxmum ﬂows into
" and out of storage )

2 MINBIFLO - for each bldn'ecuonal ﬂow ar¢ (i), and each network (xx = PF, PI
: .- 'QF, 0D -7 N
’ MNS_fI'{_{,,'j"‘. < xm."" < I\D(STR“;"‘ . . for each flow (xx = PF, PI OF Ol) into.and out of storage (st,x)

’ sx'I'I:le ALPHA factor was setxo 1 0 in- the Ammal Energ) Outlook 1995.
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The following bound constraints also are defined for the steps on the supply, capacity expansfon, and storage |

expansion curves:

t

LSUP,;, ' < ysup,;, < USUP,;, for each supply point (s,i), and k=1,2,....n.

0 <ycap,; < UCAP,;, for each arc i,j, and k=0,1,2,....n. '
0 <ystr,;, < USTR,,;; for each storage point (st,i),-and k=0,1,2,...,n.

For the most part LSUP is zero, except on the first step of the supply curve where a minimum supply level may be
defined, ’ : . '

{

Thus, the above equations and bounds mathemétimlly specify the linear program objective function and the icey .

model constraints. *A commercial software package®.designed to solve linear programming problems is utilized
" to modify and solve the linear program matrix, and to access the resulting solution.

'
é

»Implementation of' th,e‘Linear‘Progr_ém Within the CEM

The CEM linear program solves for the level and location of pipeline and-storage capacity expansion, as well as the

comresponding peak and off-peak flows associated with firm and interruptible service. To provide this information, .

the linear program matrix is solved in two phases—the first establishes the pipeline and storage expansion levels,
and the'second establishes the final flows. ‘ S ‘ ‘ .

In the first phase of the CEM, the linear program is defined according to the equations-above, and solved. .From
this solution, pipeline and storage capacity expansions and peak firm flows are established. However, base capacity
. on some pipeline arcs may not be fully utilized because of insufficient peak core demand requirements. .Likewise;
some base storage capacity may not be fully utilized due to peak core demand requirements. - This underutilization,
in turn, restricts the amount of off-peak and initerruptible flows that can occur along the underutilized arcs, and
into/out of underutilized storage facilities. “This occurrence is dictated by the pipeline and storage capacity

constraints. The second phase serves to remove this connection between peak firm flows and-other flows, while still . -

maintaining the-peak firm flow-levels resulting in the first phase.

In the second phase, tﬂe peak period wﬁaciiy constraints (equations 66.and 69) must be represente& suci: that

interruptible volumes can flow along the unused capacity. To accomplish this, pipeline and storage capacities (ycap;;
and ystr,,;) are held constant and set equal to.the solution levels (YCAP and YSTR) from the first CEM phase (base
utilization plus.added capacity). ‘This-is represented with the changes in the equation from,’ycap’ to "YCAP’ and.

from”ystr’ to "YSTR.” Also, a constant term is added to-the constraint that identifies the unused base capacity which

may be used for interruptible flows only. The co:responding'equaﬁonsare pi'esented below. -
_ Pipeline Capacity Constraint for Peak Period Flows on Arc Gj): -

%+ X7 S UJs(YCAPD, + éYCAPi;,‘) + US+(QCAPO, - YCAPD) a0

~ . - [

Storage .Capacity Coxistraim for Peak Period Flows in Each Rehidn ‘(si,i):

’

xP% + X% < USTE#(YSTRO,, + TYSTR,,) + UST/+(QSTRO,, - YSTRO,) -~ - - (7))
. k=l - - . o

Y

SAll of the linear proéramming problems‘within the NEMS will be solved using the Optimization and Modeling Library
‘ (OML), a product of Ketron"Management Science, a Division of Bionetics Corporation.
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where;

i %; =  flowfromitoj (Bcf) - o
U = ' maximum allowable utilization of an arc in the season. (fraction)
QCAP0 =  base pipeline capdcity (capacity level existing at the end of year t+n-1) (Bcf)
"YCAP = actual pipeline capacity added (Bcf)
YCAPO =  base pipeline capacity utilized (Bcf)
Xy = flowfrom storage (st) to node (i) (Bef)
UST =  maximum percentage of storage available (fraction)
QSTRO' = base storage capacity (capacity levél existing at the end of year t+n-1), (Bct)
.YSTR ‘= actal storage capacity added (Bcf) - .
YSTRO = base storage capacity utilized (Bcf)

With the completron of the second phase, the CEM has generated pipeline and storage eapacrty expansion results,
as well as.seasonal flows corresponding to core and noncore markets. ‘The capacities are used directly in the Annual
- Flow Module, while the flows are nsed to generate annual pipeline capacity utilization factors for use in the Annual
VFlow Module. The procedure to generate annual capacity utilization' factors is presented in the next section.

Processmg of CEM Results \
‘The primary pmpose of the CEM is to provide the Annual Flow Module and Pipeline Tanff Module each year with
a forecast of physical pipeline capacity and working gas storage capacity for forecast year ‘t+n, to determine

.maximum'pipeline capacity utilizations corresponding to annual firm and total interregional flows (to be used in the

maximum annual flow .constraints within the Annual Flow Module), and to determine firm and mterruptrble net

storage withdrawals (to be used in the node mass balance constraints within the Annual Flow Module). Capacity

"expansion results are used to determine the forecasted capacity levels; firm and total flows are used to determine -

. pipeline utilizations; and, seasonal firm and interruptible flows into and out of storage are used to ealculate firm and
interruptible net storage wrthdrawals These calculauons are presented below

'

Pipeline and storage capacity expansion levels for forecast year t+n are generated by solving the CEM lmear
program, and are used to determine forecasted capacities. Physical pipeline capacity along the interregional arc from
transshipment node i to node jis calculated s the base capacity (mcludmg planned expansmns Appendtx F, Table
F42) plus the correspondmg level of expansron in year t+n. .

© k=l

‘...P!"Y@Pu QCAPO*EYC% R e

Ltkewrse, regtona] workmg gas storage for year t+n is mlculated as base workmg gas (mcludmg planned expansxons

- Appendtx F, Table F33) plus the correspondmg level of expanswn in year t+n. ‘

-

StrCap,, -QSTRO s By, R R oI

k=l

Smce loads on a prpelme tend to be 'variable throughout a year (thh full-utilization more prevalent dunng the peak
season and lower utilization dmmg the off-peak season), the purpose of the maximum annual flow constraints in the
Annual Flow Module is to better represent seasonal flows on an .annual-basis. This is'accomplished by using the
seasonal flow patterns resulting in the CEM and translating them into annual pipeline utilizations. The CEM
calculates both firm and total annual pipeling utilizations to be used within the maximum annual flow constraints

for both firm and total flows in the Annual Flow Module A graplncal deptctton ‘of the load curve that represents ..

seasonal flows-is presented in Frgure 74,

LR
N
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H
Figure 7-4. . Example of a Seasonal Flow Pattern Along an Arc
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*. Firm annual utilizations are a function of peak firm flows, off-peak firm flows, and peak firm hfilizatibn rates. Peak
" firm utilization rates (Appendix F, Table F34) define the maximum portion of total physical annual capacity available

" to the peak firm service network along a specific arc, and-are used in conjunction with other utilizations to establish

arc-specific load duration curves represented in the CEM. Assuming that the resulting peak firm flow reflects full’

utilization of the capacity available to the core-market during the peak season, an equivalerit maximum annual

capacity ayailable to the core market can be calculated by dividing the peak firm flow by the peak firm utilization.

Next, dividing the total firm flow (peak and off-peak) by this maximum annual firm capacity produces maximum
" firm annual utilizations used by the Annual Flow Module. The following egpations result. :

- . ~

* For the core market, along edch arc i,j:
: } ] .o ’ P . . ‘4 - . . . : , )
‘AUTILZ;F . = - ((the flow along the arc to satisfy peak period.core market requirements) + (the flow
o -along the arc to satisfy off-peak period core market requirements)) / (equivalent
annual firm capacity) oo . ) ;
given, 'equiva]ent annual firm caj_;agity ="(the flow along the arc to satisfy peak period core
’ market requirements) / (peak firm utilization rate) - .

~
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. PF
ALz} - &5 * %) ~ S | :
. 1 F N . . .
ECAP;; ‘ . 74)
_ " . . , \
ECAPf = _ M
. UTILZ;
where, '
Al : F = - annual firm capacxty utilization rate along arc i,j (fractmn)
.. X . = - peak firm flow.along arc i,j (Bcf)
. %" = off-peak firm flow along arc ij (Bef)’ _ ‘, o
- ECAP, 3: = - equivalent capacity available to core market along arc i,j (Bcf)
: UM = peak firmpracity utilization rate along arc i (ﬁ'action)

I.ikewxse, total capactty utilization rates are-a funcuon of peak firm flows, off-peak firm flows, peak mtermpuble
flows, off-peak mtermptible flows,.and peak utilization rates. Peak utilization rates (Appendix F, Table F34) define
the maximum portion of total physical annual capac:ty available in the peak period along a specific arc, and are used

“in conjuncuon with other utilizations to establish arc-specific load duration curves represented .in- the CEM.
Assuming that the resulting peak flows reflect full utilization of the capacity available during the peak season, an
-equivalent maximum annual capacity available to thé natural gas.market can be calculated by dividing the total peak
‘flow-by the peak wutilization.- Next, dividing the total flow (peak-and off-peak, firm and interruptible) by this
* maximum annual capacity produces maximum axmual total uuhzauons used by the Annual Flow Module. 'Ihe
: followmg equauons resu]t. : . . '

Forthetotalnamalgasmarket.alongeacharcxg ' o ' -
¥ ‘ B ’ ’ \

AUI'II.Z;\, =- ((the ﬂow along ‘the arc to sat1$fy~peak penod core maﬂtet requuements) + (the flow
along the arc to satisfy off-peak period core market requirements) + (the flow along
- . =7 7 the arc w0 satisfy peak period noncore requirements) + (the flow along the arc to
. : sausfy off-peak period noncore requtrements)) I (eqmvalent total annual capacxty)

given, eqmvalent total annual mpacxty = ((the ﬂow along the arc to-satisfy peak period core
: market requirements) 4 (the flow. along the arc to sausfy peak penod noncore
reqmrements) 1 (peak uuhzauon rate)

reoL . B . N

- AUTLZ} T

T .. -'~: o L. i ) ’,‘ .i' ' :
SN L. k. LI
B . ‘ lm‘i‘ » - ‘
o owhere, . . L Q,--.
o AUTILZ;T « = toat annual capamty unhzatlon rate along arc 1,] (fractton)
o otif”' =. peak firm flow along arc i,j (Bcf)
x;r = -off-peak firm flow along arc ij (Bef) =~
%3y = peak interruptible flow along arc ij. (Bcf) :
“ox%® =" off-peak interruptible flow along arc i (Bcf)
ECAP, f =  equivalent total annual mpaclty available o the natura] gas market along arc 14

(Bcf)
- peak capacxty utilization rate alono arc i,j (fracuon)

w
I

' Contmgencxes have been written into the code o ensure that the total uuhzauon femains greater than the ﬁrm, and

o that the total uuhzauon is above a m.unmum threshold uuhzauon

e
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Finally, net storage withdrawals are determined by subtracting off-peak flows going into storage from peak flows .
going out of storage. This is done at each node for each class of customer (i.e., firm or interruptible). Thus, an
annual representation of the seasonal flow patterns established by the CEM i§ generated for use by the Annual Flow
Module. This is defined by the following equations: - ) )

NETSTR' = T - x3F o - @

v
LS

" NETSTR = xj - x2 )
where,
NETSTRF = - net storage at node i for firm market (Bcf)
n NETSTR! = netstorage at node i for interruptible market (Bcf)
‘, - %, F = peak firm flow out of storage at node j (Bef) -
X4 = - off-peak firm flow into storage-at-node i (Bcf)
“X4f' = peak interruptible flow out of storage-at node i (Bcf)
3 x,gjOI -

off-peak interruptible flow into storage at node i (Bci)

;.
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8. Pipeline Tariff Module Solution Methodology

- This’ Chapter discusses the solution methodology for the Pipeline Tariff Module (PTM) of the Natural Gas
Transmission and Distribution Model NGTDM). In this Module, for fully regulated services, the rates developed
by the methodology are used as actual costs for transportation and storage services. Where interruptible services are .
more loosely regulated. or where markets are deemed competitive, the methodology computes maximum and
minimum rates for service. The minimum rate is used as a lower bound on the price of services. The actual price
-charged for these more loosely regulated services or the "market clearing price” is determined by the Annual Flow
Module. Under current regulatory policy, the maximum price computed by the methodology (the 100-percent load
factor rate) will act as.a cap on the market Clearing price. ‘This "price cap” will not be enforced if deregulation of
service is assumed or if Federal Energy ‘Regulatory Commission provides for alternative pricing/cost recovery
mechanisms, . .. ) :

The PTM tariff calculation is divided into two phases: a base-year initialization phase and a forecast year update

‘phase. These two phases include the following steps: (1) determine the total cost of service, (2) classify line items
of the’cost of service as fixed and variable costs, (3) allocate fixed and variable costs to rate component (reservation
-and usage fee, [volumetric charge]) based on'the rate design, (4) aggregate costs to the network arc/network node, .
(5) for transportation services, allocate costs>to type of service (firm and intérruptible),* and (6) compute arc-

" specific (node-specific) rates. For the base-year phase, the cost of service is developed from the financial data base
-while for the forecast year update phase the costs are estimated using a set of econometric equations. These steps
are used to determine ‘(1) transportation rates for the Annual Flow Module, (2) storage rates for the Annual Flow -
Module, (3) transportation rates for the Capacity Expansion Module to determine pipeline capacity expansion, and

-(4) storage rates for the Capacity Expansion Module to determine storage capacity expansion. A general overview
of the methodology for.deriving rates is presented in the box on the next page, while the PTM system diagram is
presented in Figure 8-1. BT . T ST .o

‘Base-Year Initialization Phase - _

" The ptirpose of the base-year initialization phase is to provide, for the base year of the NEMS forecast horizon, an
* .initial set of NGTDM network-level transportation and ‘storage revenue requirements and tariffs. The base-year,
information is developed from existing pipeline company transportation and storage data. The base-year initialization
process draws heavily on two data bases developed by the Office of Oil.and Gas, EIA. - These data represent the
+ existing physical pipeline and storage system. The physical system is at a more disaggregate level than the NGTDM
network. The first data base provides detailed company-level financial, cost, and rate base parameters. This financjal
‘data base contains information on capital structure, rate-base, and revenue requirements by major line item of the
cost of service for the base year of the model. The second data base covers the physical attributes of the natural
gas pipelines, including contract demand and pipelirie layout. The physical pipeline layout data are used, along with
the contract data, to derive the allocation and billing determinants. These determinants subsequently are used to
compute unit rates for transportation services.along each arc (and for storage services at each'node) of thé NGTDM .
network. ’ o B Lo 7 - , T

- .
-

This section discusses three separafe processes that occur during the base-year initialization phase: (1) the
computation of the cost of service and rates for services, (2) the construction.of capacity expansion cost/tariff-curves,
and (3) manipulations required to pass the rates to the Annual Flow Module and curves to the Capacity Expansion -
Module. ‘ 7 . ) . S

The computation-of base-year cost of service and rates for services involves six distinct procedures as outlined in
the box below. Each of these procedures is discussed in detail below. .

>

“This step is not carried out for storage service because noidistinctiog is made between firm and interruptible storage services.
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In order o facilitate eapacaty expansron decrsrons in the Capacity Expansron Module, the PTM constructs cost/tariff .
~ curves which relate incremental pipeline or storage facility capacity.expansion to. corresponding rates. Thiese curves
-are developed from htstoncally based estimates of capital and revenue requirements for wpactty expansxon projects
using the computattonal procedures for- detertmmng base-year cost of service and rates. . .

* Prior to passmo the rates to the Arinual Flow Module and Capacxty Expansron Module, the PTM rates must be
adjusted to maintain consistency among the three modules. “PTM rates are calculated in nominal dollars and then
converted to real dollars for use in the Annual Flow Module and Capacrty Expansxon Module. . .

- » . i
P— N . . . .

ComputatlonafRates T S L

K . . . .

. An-overview of the processing of costs in the PTM ratemaking procedure is ﬂlustrated in Ft,,ure 8-2. In the base-
. year initialization phase of the PTM, rates are computed using the six-step process outlined above. The first three
 steps are performed for the transportation and storage functions at the company level: (1) derivation of the total cost
of service, (2).classifying line item costs as fixed and variable costs, and (3) allocation of fixed and variable costs
to rate components based on rate design. The fourth step is to transform the costs: from the company level to the
network (arc and node) level. Allocation of costs to services (Step 5) and computation of rates (Step 6) are carried’
out at the arc level for transportation and the node level for storage. Step 5 is only executed for the transportauon
funcuon because there is only one type of storage servxce represented in the PTM T / ..

“The equauons apply, in general to both transportatton and storage functions, However, not all variables used in an
equauon are defined for both funcuons. For example, costs assocxated specnﬁcally with transportatton services, such

o .
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_ Figure 8-1.

Pipeline Tariff Module System Diagram

(' START

NEMS .
macroeconomnc
variables '

Financial

Pipeline Tariff Module

Adjust generid
company costs to
reflect capacity

Rate design

7]

" /-and contract
-demand data /

| parameters

Capital cost
data for
.capacity .
expans:on

CEM
capacity

expansion .-

: Estimated :

for each line
item of the -
cost of service

Jparameters- . -

-AFM

annual flows |

expansion

T

1st year
of forecast
<« 7

For each company,
forecast line items
of cost of service

—

Initialize line items
of company level -
-| costs -

'

- Classify each line item as fixed or
variable costs and allocate to
rate component ‘

“For Transportation
| e ‘Aggregate costs

-to arcs.

~¢ Allocate costs -
to services-

y
-—d————.—‘—

_For Storage

- - Aggregate costs.
tonodes . -

.-'® ‘Compute rates

* Compute rates

'| initial tariff
“ curves for

Compute

yes_.

capacity -
expansion’| -

st year
of forecast _
-2

" ElAModel Doé,umentagton_:‘ Natural Gas Transmission and Distribution Mode! Volume |

i A . e m -y e = o ——

e e e o



Figure 82.  Processing Transportation Service Costs in the Ratemaking Process
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¥

Step1 Derivation of the Total COSt-of-Service ST R ‘ . -

-

The total cost-of-servwe for a plpelme company is computed as the revenue requirement minus any revenue credlts
" “The total, Tevenue requirement (TRR) consists of 3  just and reasonable return on the rate base plus normal operating
* expenses. Revenue credits reflect revenues generated by nonjurisdictional services'and one time costs that are outside

" of the scope of the PTM. The;efore, the total cost of service is computed as follows:

TCOS: = TRR - REVC S Ty
TRR TRRB+TNOE R . (79)
g whére, ’ N ) ) ‘ (
" TCOS = total cost-of-service (dollars®™) : ; .
TRR = total revenue requirement (dollars) o o ) UL
~ TNOE = total normal operating expenses (dollars) - - .
o REVC = -revenue credits to cost-of-service (dollars) (Appendle, Table E5) “
“TRRB. = total Teturn on rate base (dollars) co e .

’
.

s

‘.’fAll costs discussed in this chapter are_-ih nominal dollars; unless explicitly stated otherwise,
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Derivations of return on rate base, total normal operating expenses, and revenue credits are presented in the following _
subsections, . '

Return. In order to compute the return portion of the cost-of-service, the determination of capital structure and rate
" base is necessary. Capital structure is important because it determines the cost of capital to the pipeline company.

The weighted average cost of capual 1s apphed to the rate base to determine the return’component of the cost-of-
: semce, as follows: ’ :

TRRB = WAROR x APRB , I .60
where, - ' .
t. 'I'RRB = total return on rate base [before taxes, (dollars)]
WAROR = weighted-average before-tax return on capital (fraction)
APRB = adjusted p1pelme rate base (dollars) . ({

‘In add;ﬁom fox‘ reporting purposes, the retum on.rate base is broken out into the three components as shown below.

g PFEN = (PFES/TOTCAP) + PEER + APRB - e — ' @)
,'-CMEN:-:(CMES/I‘OTCAP) + CMER » APRB o T )
-LTON = (LTDSfI’OTCAP) + LTDR » APRB - @)
: whcre, : ’ 4 - el ‘
PFEN = total remm on preferred stock (dollars) -
. 'PFES = 'value of preferred stock (dollars) : - .
TOTCAP = total capitalization (dollars) ~ ~ .
PFER = coupon rate for- preferred stock’ (fracuon)
APRB =" adjusted pipeline rate base (dollars) - '
CMEN - = total return on common stock equity (dollars)
. 'CMES. = value of common stock equity (dollars) =~ . - . ’

. CMER = common-equity rate of retum (fraction) . ) . _ )
LIDN = total return on long-term debt (dollars) - . Tl
LTDS -= valué of long-term debt (dollars) 2 ‘ o
LTDR = long-term debt rate (fraction)

—

' The cost of capltal (WAROR) 1s computed as ‘the value-welghted average cost of mpnal for prefetred stock, common
stock eqmty, and long-tenn debt, as follows )

‘WAROR = (PFES#PFER + CMES*CMER + L'IDS:LTDR)/I‘OTCAP - @8
'I‘O’I‘CAP PFES+CMES+L'IDS L T ey)
where, \ ’ ‘
WAROR = ,iveighted-’avcrage'before-tax return on ‘mpital (fraction)
PFES = value of preferred stock (dollars)
PFER = preferred stock rate (fraction)
* CMES -= value of common stock equity (dollars)
CMER = common equity rate of return (fraction)
: LTDS = value of long-term debt (dollars) .

'~ LTDR = long-term debt rdte (fraction)
‘TOTCAP = total capitalization (dolla{s)
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The total rate base is computed as the sum of net plant in service, cash workmg capital, other working capttal and
transmon expense balance minus accumulated deferred income taxes. That is,

'APRB = NIS + CWC + OWC & TPEB - ADIT \ . . @9
where, i '

APRB = adjusted pipeline rate basé (dollars)

- NIS = net capital cost of plant in service (dollars) |
CWC - = cash working capital (dollars) -

" OWC = other working capital (dollars)
“TPEB .= transition expense balance (dollars)®

A ADIT = accumulated defened income taxes (dollars)

. The net plant in servxce isthe ongmal capttal cost plant in service’ minus the accumulated depremauon. ) -

‘<, "NIS =-,GPIS-ADDA-_ L IR ' 0]
., where, ) o . ‘ ) o
. 'NIS = net capxtal cost of plant in-service (dollars) - ¢ '
. GPIS = original capital cost of plant in service [gross plant in service (dollars)]
ADDA = accnmnlated deprec:auon, depletion, and amortization (dollars)

“Total Normal Operating Expensos. ,'l‘otal normal - operating expense line gitems include depreciation, taxes,
administrative and general expenses, customer expenses, and operation and maintenance expenses. In the PTM; taxes
are disaggregated further into Federal, State, and other taxes and tax credits to permit tax policy-analysis. Operation
-and maintenance expenses also are dtsaggregated mto several categories to enhance accuracy in foremstmg expenses '
"byﬁmcnon*. - _

‘.- where,

TNOE ='DDA + TOTAX -+ TAG + TCE +TOM o ' (‘?8) :
_TNOE = total normal operating expenses (dollars)
DDA - = depreciation, depletion, and amortization costs (dollars)
"TOTAX = total Federal and State income-tax liability (dollars)
TAG .= total administrative and general expense (dollats)
"TCE = total customer expense (dollars)®" - . T
A"TOM -= total operations and mamtenance expense (dollars) .

Deprectauon, deplenon, and amoruzauon COsts, admmtstrauve and general expense, and customer expense are
. ava11able dtrectly from the financial data base.

!

Total taxes are computed -as the sum of* Federal and State mcome taxes and other taxes, less tax credlts, as follows

TOTAX:FSIT«:—O’ITAX-FSITC B o . . @)

RS

*"©The transition expense balance is the remaining ba]ance of appmved but yet "to be recovered transition costs associated thh .
Testructuring gas supply contracts for Order 636.

*SCustomer expense includes direct payroll dtstnbuttons of salanes and wages assomated wnh the followmg services: customer
accounts, qustomer service, mformauon, and sales.
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FSIT = FIT + SIT ‘ ’ : - (90) |

where,
TOTAX = total Federal and State income tax liability (dollars)
FSIT = Federaland State income tax (dollars)
OTTAX = all other taxes assessed by Federal, State, or local govemnments except income taxes
(dollars)
FSITC = Federal and State investment tax credits (dollars) .

FIT = Federal income tax (dollars) .
SIT = State income tax (dollars) s

Federal income taxes are derived from returns 10 common stock eqmty and prefened stock (after-tax proﬁt) and the
" Federal tax rate. The after-tax profit.is detenmned as follows

. ATP. APRB(PFERPFES + CMER*CMES)fI‘OTCAP_ ‘ - ; . 0D
where, ’
T, - ATP = after-tax profits (dollars)
: APRB = adjusted pipeline rate base (dollars)
TOTCAP " = total capitalization (dollars) _
PFER = preferred stock rate (fraction)
‘PFES = value of preferred stock (dollars) N A :
CMER = common equity rate-of return (fraction) ~ -~ - . o
CMES = value of common stock eqmty (dollars) ’
and the Federal i mcome taxes are i !
. ,HT=(FRA1'E*ATP/1.- FRATE) - - ' s )
where, S T ! l
"FIT ‘= Federal income tax (dollars) o AR T
.FRATE = Federal income tax rate (fraction) (Appendlx F Table F47) - R -
ATP = after-tax proﬁts (dollars). - “ :

‘ State income taxes are computed by multtplymg the sum of taxable returns and the associated Fedcral income tax'
bya weighted-average’ State tax rate associated with:each pipeline company. The weighted-average State tax rate

" is based on peak service volumes in each State deltvered by the pipeline company State income taxes are computed
as follows -

su:smm*(m-t_)m)‘. . o L ‘ L 3
where, g - 4\
SIT = State income tax (dollars) - - ,
. SRATE = average State income tax rate (fmcuon) (Appendtx F, Table F47)
'FIT = Federal income tax (dollars) .
ATP = after-tax profits (dollars) '
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Total operations and maintenance expense consists of three major categones supervrsxon and engineering expenses,
Compressor station expenses, and other operations and maintenance expenses.® Compressor station expenses are
dtsaggregated further into two categories: compressor station operating and maintenance labor expenses and

compressor station operating and matntenance nonlabor expenses That is, total operating and mamtenance expense
- (TOM) equals .

- TOM = SEOM + CSOML.+ CSOMN + OTOM . - ' ©4) .
where, A . ' V
-’I“OM = total operations and maintenance expense (dollars)
;SEOM = supervrsron and engineering expense (dollars) .
CSOML '’ = compressor station operating and maintenance labor expense (dollars)
"CSOMN = compressor station operating and maintenance nonlabor expense (dollars)
-OTOM = other operations and mamtenance expense (dollars)

_Revenue Credits. The revenue Tequirement is reduced (mcreased) by various revenue credits (expenses) to
.~ determine the total cost-of-service. 'I'hese credits may relate to one-ttme expendttures that are outside the scope of
. "the other cost wtegones

After the determmatton of the total oost of servroe, each lme ttem 1s classrﬁed as afixed or vanable cost as descnbed
" in Step 2 . .. .

Step 2: CIassification of COSt of Service Line ltoms as Fixed and Vanable COsts

- The PIM classrﬁes each line 1tem of the cost of servroe (computed in'Step l) asa ﬁxed and variable oost Fixed

costs are independent of storage/uansportanon usage, while variable costs are a function-of usage. Fixed and variable
- Costs are computed by multiplying each line item of the cost of service by the percentage of the cost that is fixed

.and the percentage .of the cost that is variable. The classification of fixed and variable costs is defined by the user

.as part of the scenario spectﬁmuon 'I'he classxﬁeauon of ltne item cost R, to fixed and vartable cost is determined -
‘oas follows . . . .

Ry AL _f-_ o o ey

line item index - . ) AR

AlL;+ ALL
" An example of thls procedure 1s ﬂlustrated in Table 8- 1

R, =ALL#RJ100. .= .. o~ A )
_ whefe, * - o A ’
Ry, = fixed cost poruon of line rtem & (mtlhon dollars).
. -ALL; = percentage of line iten R; representing fixed cost
. Ry = total cost of line item i (million dollars) _ . C ,

Ry = variable cost portion of fine item R (million dollars) - _— b

- .ALL,. = percentage of line item R, representmg vanab]e cost T ' : '
o=

,100

-

Step 3 A|loeat|on of Fixed and Vanable Costs to Rate Components

Allocatton of fixed and vanable costs to rate components ds conducted only for transportauon services because
- storage service is modeled in a2 more s1mphﬁed manner using a one-part rate. , '

. “Some expenses in this eategory apply only to transportatton costs. Consequently, compressor-related and sumlar expenses
wﬂl not be calculated for storage factlmes )

1
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Table 8-1. lllustration of Fixed and Variable Cost Qlassiﬁcatioﬁ

Allocation Factors

(percent) Cost 'Comgonent:

Cost of Service Line ltem . : Fixed Cost Variable Cost Fixed _ Variable
Total Return -
Preferred Stock . 1,000 10 . o0 1,000 0
Common Stock '~ . .30,000 _ 100 - 0 30,000
Long-TermDebt - ° 20000 . 10 "0 29,000 0
Nomial Operating Expenses - e . ‘
Deprec:atlon T ) 80,000 100 - 0 " 30,000 0
‘Taxes T . . ' ‘
FederalTax - . 25000 . 100 0 25,000 0.
 State Tax .~ 5000 . 100 0 5,000 0
| OtherTax ~ .. - 1000 100 - o0 . 100 _ o0 |
. T Tax Credits . © 1,000 100 ; 0 100 0 |
Admlmstratlve&General 50,000 - g 100 45000 5000 -
-Customer 4 N ’ 2000 . 100 - : o - 2,000 0
Operations & Maintenance Lo ‘ . ! _‘
Supervision & © ot 7000 - 100 o0 7000 -0
Engineering - T . . . o .
Compression - - 5000 ... 100 . 0 5000 0
Station/Labor - ;. P - :
Compression ~ - 100 T 20 . . 8. - 200 800
Station/Nonlabor s ' o :
OtherO&M -~ 40000 © -° 80 - - 20- 32000 8000
Revenue Reqmrement e ;225‘,00.0 ‘1 o ) o . 211,200 13,800
Revenue Credits =~ - . 250000 - 100 0 25000 . 0
Total Cost-of-Service o 200000 - . 186200 . 13800 - |
\ .
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The rate design to be used within the PTM is specified by input parameters, which can be modified by the user to
reflect changes in rate design over time. The PTM allocates the fixed and variable costs computed in Step 2 to rate
. components as specified by the rate design. For transportation service, the components of the rate consist of a
reservation and a usage fee. The reservation fee is a charge assessed based on the amount of the capacity reserved.
It typically is a monthly fee that does not vary with throughput. The usage fee is a charge assessed for each unit
of gas that moves through the system. For storage service the rate components are aggregated into one volumetric
charge that is based on the amount of working gas’ capacity.®® e ‘

The actual reservation and usage fees that pipelines are allowed to charge are regulated by the -Federal Energy
. Regulatory Commission.” How costs are allocated determines the extent of differences in the rates charged for
* different classes of customers for different types of services. In general, the more fixed costs are allocated to usage
fees, the more costs are recovered based on throughput. Thus high load factor customers pay a larger share of
system costs. Allocating a larger share of fixed costs to reservation fees, however, leads to low load factor customers
-bearing a larger share of system costs. - ' ‘ ’

Cosls are assigned -either to the reservation fee or to the ‘usage fee dccording to the rate design specified for the
. pipeline company. The rate design can‘vary among pipeline companies. Three typical rate designs are described
- . in'Table 8-2. The PTM provides two options for specifying the rate design. In the first option, a rate design for
- each pipeline company can be specified for each forecast year. This option permits different rate designs to.be used
for different pipeline companies while also allowing individual company rate designs to change over time. Since -
pipeline company data subsequently are aggregated to the network arc, the composite rate design at the arc-level is
-the volumetric-weighted average of the pipeline company rate designs. ' The second option permits a global
specification of the rate design, where all pipeline companies have the same rate design for a specific time period
but can switch to another rate design in a different time period. In this option, the user will have the capability to
. Specify the initial and final rate designs and the forecast year in which the rate design changes. Currently, the first
- option is used in PTM (Appendix F, Table F48), . . . -

“The allocation of fixed costs to reservation and usage fees entails ﬁlm&plying each fixed cost line item of the total
- cost of service by the corresponding fixed cost rate design classification factor. A similar process is carried out for
variable costs. This procedure is illustrated in Tables 8-3a and 8-3b and is generalized in the equations below.
. ’ . - N S ‘ o, ) - .
_ ~The classification of transportation line item costs R;;and R, , to reservation and usage cost is determined as follows: -

Rg=AlL; +RJ00 . on
- Ry, = ALL, * RJ100° " - s , (98)
'Ri.v: = ALLV.: *-Ri.\/ 100 . A . - '. . B - (99)
Ry, =ALL, +RJ0O . L - aom
where, T '
- R = lihe___itgm cost (dollars) © i . o '
_ALL = percentage of reservation or usage line item R representing fixed or variable cost
_ (Appendix F, Table F13)- CL - :
100 = ALL, +ALL;, . - : L
100 -== ALL .+ ALL ) S
i = line item number index N
f = fixed cost.index S ,
Vv = varable costindex . = . \ : -

“This simplified representation of one volume&ic cha;ge related to the working gas capacity is designed to include all the costs
that in actual practice.are recovered through reservation, inventory, injection, and withdrawal charges. L :
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Table 8-3, Approaches to Rate Design

. Modified Fixed Variable
(Three-Part Rate)

¢ Two-part reservation
fee. - Return on equity
and related taxes are
‘held at risk to achieving

. ‘throughput ‘targets by
allocating these costs to

the usage fee., Of the

-, remaining fixed costs, J.

Modified Fixed
Variable
_(Two-Part Rate)

__e—h__

Reservation fee
based on peak day
requirements - all
fixed costs except
return on equity and
related taxes
‘recovered through
this fee.

Straight Fixed
Variable
(Two-Part Rate)

¢ One-part capacity
reservation fee. All fixed
- .costs are recovered
" through the reservation
fee, which is assessed
based on peak day
capacity requirements.

‘50 percent are| .
. recovered from a peak | .
-day reservation fee and- ‘ ‘ P .
50 percent are| : I
‘fecovered through’ an o : ' ‘
-annual reservation fee.

I**  Variable costs allocated |-+ Variable ‘costs plus |« Variable costs are
to the usage fee. In teturn on equity-and | - recovered through the

-addition,  return - on related taxes  ‘are usage fee.
- -equity and related taxes recovered through the
- are ~ .also . recovered |

- usage fee. -
through the usage fee. S

~>

= reservation cost index
U =, usage costindex

-

g

of the rates.’

\

.+ After ratemaking Steﬁs 1,2 and 3:are completed for each compiany,‘compapy-level costs are transformed to arc-level

(node-level) rates for transportation (storage) services. This process, carried out for each arc and node in the

NGTDM network, is accomplished in ratemaking Steps 4, 5 and 6 as presented below.
Step 4: Aggregation of Classified Cost of Service to Network Arcs and Nodes

As discussed above, for transportation services the PTM develops fixed and vafiable costs and allocates them:to
reservation and usage rate components at the pipeline company level. The PTM apportions these components to
distinct segments of a pipeline path based on the share of the mileage-based capacity reservations on the segment.
These pipeline path 'segmems_ represent the portions of the physical pipeline system that fall within the transshipment
nodes that define a network arc. . The. costs associated with each Segment are mapped to the network ar¢ by

. hEIAIModéI ‘Do'cumentarﬁon: Natural Gas Transmission and Distribution Model Volume | 8-11

At this stage in the procedure, the'line _iten{s comprising the_ fixed and variable cost coxﬁppr_xems of the reservation -
and usage fees can be summed to obtain.total fixed and _valjiable costs allocated to reservation and usage components




Table 8-3a. lllustration of Allocation of Fixed Costs to Rate Coinponents

" Allocation Factors . Cost Assigned to
: . "~ (percent) Rate Component
Cost of Service Line ltem . Total Reservation Usage. Reservation Usage
Total Return . , : .
. Preferred Stock 71,000 o 100 .0 1000
" Common Stock- © 80000 . - 0 100 ‘0 30,000
‘. LongTermDebt. - . ' 20000 100 . -0 20000 - .0
Normal Operating Expens_és‘ ‘ o ) ’ \
. “Deépreciaion . - . 300 .- 100 - o 30000 0
Texes l Y ‘ o . BRI
‘Federal Tex . 25000 . . -0 T1000 - o 25,000
State Tax . 5000 0 10 - 0 5000
OtherTex . 1000 o 000 1,000 0

A vAdministrative‘& General 45;000\' 100

0- ‘ 0
TexCredts . - . 1,000 . . -100 © © - 0’ ' 1000 - 0
| 0 5000 0 0
Customer . © . - 2000 . - 100, 0 0

Operations & Maintenance ‘ _ S , -
Supervision & ~S-7,000 o 1000 - . 0 7000 O
Engineering - : < B - T .

Compression . .. 50000, R = ; _100" 0 . 5,000 . 0O
Station/Labor, .- - e oo 4 LT

, Compression . - 2000 1000 0 200 . o0

- Station/Nonlabor - - ‘ ) . I S

.~ Othero&M - - 82000 "' 100 ... 0 32,000 0

Revenue Requirement - 211200 7 . . 150200 .61,000

Revenue Credits -~ -~ - 25000-. . 100 O . 25000 ~ O
Total Cost-of-Service 186200 - S 125200
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Table 8-3b. lllustration of Allocation of Variable Costs to Rate Components -

Allocation Factors Cost Assigned to
{percent) : Rate Component

Cost of Service Line item Total - Reservation ‘Usage  Reservation Usage

Total Return

Preferred Stock N T "100
Common Stock _ 0 o 100
Long-TermDebt . ~ o' . o - 00 )
‘" 'Normal Operating Expenses - . - .
.erreciéti;n S 0 o 100 ’ o -0
. "i'axe? . . . - . .

‘Federal Tax _

‘ 0 0.:. 100 0 - 0
 StateTax . 0 o~ 100 .0 o
CoterTex. ' . o 0. 100" o 0

TaxCredts - .. 0 0 100 0o 0

g Aqministrétive.& General . 5,000 - 0 100 0 5,000

“Customer . . - g 0 100 ° 0 0

.Operatioris & Maintenance , . -
Supervision'& - " S .0 . T .0 " 100 0 0
" Engineering e - - ‘ ‘ S

" Compression” - 0 - Co b ’ '106 o - - 0
Station/Labor . . - . ’ N ‘ . _ ‘ .
‘Cémpression - 1 g00. w0 100 . 0 800

.‘g,,Station/Noqlabor L L o ' : o
Othero'&M. . .8000. - .. 0. 100 ° - 8000
Revenue Requirement 0 13800 0T 0 13800
Reve[;uq Qrediis : o o 0" 0 - 7 B T ’
Total Cost-of-Service . © o g 0
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aggregating the cost information across all pipeline segments identified with an arc.® The capacity reservation

shares used to apportion costs to pipeline segments are derived exogenously from the capacity reserved and distances *

associated with each segment and the capacity reserved and distances for the complete pipeline path (Appendtx F
Table Fl4) The shares do not change thronghout the forecast

- This procedure is illustrated for two hypotheuea] pipeline companies (Figure 8-3) In the example it is assumed that
. the total costs to be distributed to distinct pipeline segments are R, and Ry.for Company A and Company B,
" respectively. Notice that Company A is defined by network a, b, ¢, d, e in the upper portion of Figure 8-3 and
Company B is defined by network a; b, c, d in the middle half of the figure. Company A receives 4000 MMBw/day
at point a, discharges 2000 MMBtu/day at point ¢ and ships the remaining 2000 MMBuu/day to point e. Company
. ‘B ships 3,000 MMBtu along its entire route, from point a to point'c. It 1s assumed further that segment b-d of
. Company A’s pipeline path and segmerit b-c of Company B’s pipeline path are to be mapped into the network arc’
defined by the transshipment nodes 1-2 at the bottom of Figure 8-3. Note that company A's segment b-d actually -
is composed of two segments: segment b-c and segment c-d.

‘The mxleage-based capacity reservation (V) is determmed as. the capacxty reserved in each pipeline segment
multiplied by the length of the pipeline segment. For Company A the reservation on' segment b-c is the quantity
(4000*50) MMBtu-mlles and the reservation on segment c-dis the quantlty (2000*150) MMBtu-mtles per day For

—

Figure 8-3. Example of Apportioning Pupelme Costs to Network Arcs .

~

Source:. . . i T N . -Reservation: -
©'4,000 MMBHWd . Co .. 2,000 MMBiwd

%

Plpehne .
. CompanyA o
“Total Cost ¢ Reservation: .
. Component . | - : ’ 2,000 MMBtw/d
TTAL L—ioom'—'qIA}SOm-f —150 m .
. ST L o I
N L
- .
! - A ! e
. . 1 [ ‘Reservation:
Source ' | - 3,000 MMBIu/d
g SOOOMMBtuldt._ N 5 "
Pipeline _~ O— e : -
'-C°p:‘pa“VB a2 B ) o - "‘f. - g q
Total Cost * T — T 500m - | . ’:
Component '<—-100m —le———200m- >~ 200 M————m
) oo I : | ,
, gt to | %
' o ‘ L F ] 2
Network Arc ’ "/-_i:

12

“In the forecast years, anc-level costs include costs associated with. generic compames representing ptpehne capacity added
. subsequent to the base year. Genenc compames are discussed in the- sectxon describing the forecast year updating process,
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company B, the reservation on segment b-c is the quantity (3000*200) MMBuw-miles per day. The total reservation _
along the pipeline path for company A is the sum of the reservations on each segment, or 1,100,000 MMBwu-miles
per day.c'[ . . ) f ) ’ B

" Once the reservations on the segments are determined, the pipeline costs are apportioned to each segment as follows.:
The share of cost (R,) allocated to Company A’s pipeline segment b-c is determined as the cost multiplied by the
ratio of the reservations on segment b-c to the reservations on the total pipeline path, expressed as follows:

RE* = RaVEVI ~ : (101)
where, ( . ‘ ‘ -
" Ry = .portion of R, allocated to Company A segment b-c
_.R, = total component cost for Company A (dollars)
'V =, reservations on Compatiy A segment b-c N
‘, Vi = total reservation on Company A pipeline path '

In this example, V5~ equais 200,000 MMBtix-miles per day énd V} equals 1,100,000 MMBtu-miles per day.

Similarly, the allocation of costs to Comi:any A’s:segment cd R = R,*(3/11)] and to Compaily B’s segment
b-c Ry* = Ry#(6/15)] are obtained. Fmall&, the costs are agg}egated to the network arc by summing all distinct.. ‘
costs for Company A’s segment b-c and segment c-d and Company B’s segment b-c. o

R, ", R} +RY? + Ry~ o S ‘- o o "A, ‘ (192)
where, -+, | L ’ : B
ER,,g =" total costs allocated to arc 1-2 ) —
"R}y = portion'of R, allocated to Company A segment b-c ™ -

. Ry = portion of Ry allocated to Company A §Cgme1it c-d o - : -

Through this procedure, companyilével fixed and variable costs are assigped to arcs on the NGTDM network and
for each arc these.costs have been assigned to.a rate ’c:omponeng Thus the following variables are defined:

"FCR, = fixed costs assigned to the reservation component of the rate
VCR, = variable costs assigned to the reservation component of the rate

- FCU, = fixed costs assigned to the usage component of the rate .
VCU, = -variable costs assigned to the usage component of the rate - -
T a=.ac v . L .

i

Apportioning storage costs to network nodes is.a more snaightforward process because the costs are simply assigned
to the nodes as a function of the share of storage capacity located in each.region. “Through the procedure provided
in the following equations company-level fixed and variable costs are shared ot and aggregated to nodes on the

NGTDM ‘network. . : .

“Derived based on. capacity reservations on arc'é-b equal to (4000*100) MMBw-miles pe'r.day. plus capacity reservations on -
" arc b-c of (4000*50) MMBtu-miles per day. plus capacity reservations on arc c-d of (2000*150) MMBtu-miles per day and
" capacity reservations (2000¥100) MMBtu-miles per day on arc d-e. . ’ -

I ' ’ ~
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" FCS, =FCS, + (NS, * SF) T - (103)

* where, .

VCS, - = variable costs of storage cost (million dollars)

. FCS, = fixed costs of storage (million dollars)
NS, -= share of company p gas storage capacxty located at the node n [Appendix F, Table F18
" ;  (fraction) ]
‘ SF,. = company p fixed costs for storage service (nulhon dollars)
SV, = company p variable costs for storage service (mllhon dollars)
p = pipeline company index
n =

node index C T

,

» .Ste'p 5: Alloeation of Arc-LeveI Transportation Costs to servioes .
'I'he arc-level fixed and variable costs are allocated to ﬁrm and mtermpuble uansportanon services, In allocating
‘these costs, a portion of the fixed costs are assigned to noncore customers. Historically, rate designs have placed

.-some of the recovery of fixed costs at risk by assigning the recovery of these costs to noncore customers. Should
the revenues obtained from interruptible service be less than those anncxpated in the ratemaking process, the pipeline

" company would not recovér all of its fixed costs. Vanable costs are allocated based on total annual throughput ior '

. each type of service. The development of the allomuon detenmnants is drscussed next.

' Allocatlon Determmants for Fixed Costs. 'l’he aliocation determinants for fixed costs are based, in part, on the
firm capacity reservations and annual interruptible transportation volumes along an arc. ‘The procedure for obtaining

arc-level reservations and flows in_the base year is. oomparable to the process described above for aggregating .

"segment .costs to an arc® The allocation determinants for fixed costs -are defined as fellows. The fixed cost
;" allocation. determinant for firm service is defined as the annualized peak-day reservations for firm service divided
by the sum of the annualized peak-day firm reservations and an adjusted annual throughput volume for mterruptnble

- _ semce in equanon form, thrs allocation determinant (FADFS) is deﬁned as fo]lows i \ -
FADFS (PRESV *365/(PRESV :365 + ISERV ¢RADJ w(l + IEXPCTIIOO))) <. Q05)
where; ‘ ' '
FADFS" = allocation determmant for ﬁxed costs recovered from firm service (ratio) :
_ PRESYV, " =. peak-day reservations for firm transportation service (Bcf per day) [Appendix F, Table F1 7]
' ISERV, = .annual throughput volume for interruptible transportauon service (Bcf per year)
IEXPCT, = expected annual Tate of growth in interruptible transportauon [Appendix F, Table F35
© ~ 7 (percent, currently set to 0)] " .
‘RADJ, - = adjustment factor for dlscountmg [Appendxx F, Table F35 (rauo, cmremly set to 1.0)]
a = a¢c " - -. ) '

The mterrupuble thmughput volume is adjusted in the above equatlon “for two Teasons. Fn'st, the interruptible
-volumes are adjusted to reflect anticipated changes in interruptible transportation volumes using the user-specified
TEXPCT parameter. Second, the volume is adjusted downward via the RADJ factor to reflect anticipated discounting
- of interruptible transportation services. This adjustment factor (RADYJ) reﬂects the degree of dxscoummg that took
place in the prior forecast year- and 1s defined as follows:

A

720

6"'In subsequent _years.;ﬂow volumes are input to the-PTM at the arc-level.

\
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RADJ, = AFM_PTAR I\ / PMAX" - T 1 (106)

where,
t .= ‘cun‘em year index
RADJ, = adjustment factor for discounting [Appendix F, Table F35 (rauo)]
AFM_PTAR I = average interruptible service rate in year t-1 [Appendix F, Table F15 (dollars per Mcf))
» PMAX." = maximum interruptible service rate in year t-1 (dollars per Mcf)
. a = arc :

, Slmxlarly, the allocauon determmant for fixed costs assigned to interruptible service (FADIS) is defined as

FADIS = - ISERV,sRADJ,+(1+IEXPCT,/100) o : " aoi)
: —_PRESV.*3——___65+ISERV'*RADJ.*(1+IEXPCT'_./1'OO'-) : o .

wherg,
FADIS, = allocation determinant for fixed costs assigned to interruptible service [1-FADFS, (rauo)]v
ISERV .= annual throughput volume for interruptible transportation service (Bef per year)
. 'RADJ = adjustment factor for discounting- -[Appendix F, Table F35 (ratio)]
IEXPCT = expected rate of growth in interruptible transportation [Appendix F, Table F35 (peroent)] -
) PRESV ‘= peak-day reservations for firm txansportanon service (Mcf per day) [Appendix F Table F17] -
a = arc

Allocation Determinants for Variable Costs. The allocation determmants for variable costs are based on the annual
firm and interruptible service volumes-on the arc. The allocation determinant that assigns variable coststo firm
. service (VADFS) is defined as the annual throughput volume for firm transportation on' the arc (FSERV) divided

by the total annual throughput volume for firm and mterrupuble service on the arc, as follows:’ .

f,VADFS, = FSERV/(FSERV, + ISERV) - ~ ST o8y
where, o ’ . )

VADFS, allowuon determinant for variable costs assxgned to firmservice (ratio)

FSERV, = -annual throtghput volume for firm transportation service (Bcf per year)
ISERV, = annual throughput VOlume for mtermpnble u'anspo;tauon (Bcf per year)
© s a = arc :

. The allocation determmant that assxgns vanable costs to mtetrupuble servxoes (VADIS) is det‘med as the annual
throughput volume for mtcrmpuble service divided by the total annual tln'oughput volume for firm and interruptible - -

.scrvxce, as follows:

\

VADIS, = ISER'V..I(FSER_V_- +ISERV) - - . ' ’ (109)
where, . T - ’
VADIS, = allocation determmant for vanable costs assigned to interruptible service (ratio)
ISERV = annual throughput volume for interruptible transportation service in (Bcf per year)
FSERV = annual throughput volome for firm transportation (Bcf per year)
a = arc . " . -

The detcmunants are applied to costs prevxously allocated torate components (in Step 4) to derive the costs allocated
to the firm transponauon rate components. Similarly allocation determinants are applied to obtain the costs allocated
'to mterrupuble u'ansportauon .These procedures are outlined in equauon form below.
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Derivation of Fixed and Variable Costs Allocated to the Reservation Fee for Firm Transportatmn Costs _ -
allocated to the firm transportation reservation fees consist of the firm transportation portion of the fixed and variable -

costs assngned to the reservation fee Tlns cost 1s denved by applymg the allocation determinants as follows

‘., ) S

RCFS, = (FADFS, VFCR )+ (VADFS VCR) ' , - (110)
. ihere,
RCFS, = reservauon costs assigned to core customers (million dollars per year) l
FADFS, = allocation determinant for fixed costs recovered from firm service (ratio)
FCR, = fixed costs assigned to the reservation component of the rate (million dollars per year)

'VADFS, = allocation determinant for variable costs recovered from firm service (ratio) )

VCR,- = variable costs assxgned to the resewatIon ‘component of the rate (mlllxon dollars per year) -

a = arc .

. Derivatmn of leed and Varlable Costs Allocated to the Usage Fee for Firm Transportatlon Costs allocated .’ '
‘to the firm transportauon -usage fees consists’ of the firm transportation portion of the fixed and vanable costs

~ass1gned to the usage fee. Tms cost 1s derived by applymg the allocation determmants as follows

.where’ . . . _~ - N . ‘ | . . | . N N | g . -A
> "UCFS;

.. usage costs'assxgned to core custonlers (million dollars per S'ear)
; FADFS -

= allocation determinant for fixed costs recovered from firm service (ratio) -
- FCU = fixed costs assigned to the usage component of the rate (million dollars per year) -
VADFS, -= allocation determinant for variable costs-recovered-from firm service (ratio) .
VCU , -= variable costs assxgned to the usage componem of the rate (xmlhon dollax_s per year)
a-= ‘

arc-

.t

Denvauon of Fixed and Vanable Costs Allocated _to Interruptible Transportatxon. _Costs allocated to‘

mtermpuble transportation service consist of a portion of the fixed and variable costs ass1gned to the reservation and
-, Usage rate oomponents ’I’lns cost s denved by applymg the allocanon detetmmams as follows s -

where,
CIS, =. costs ass1gned o noncore customers (million dollars per. year) I o

FADIS, = allocation determinant for fixed costs recovered from mterrupuble service (rauo)

. FCU = fixed costs assigned to the-iisage component of the rate (million dollars pér year)-

.. FCR, = fixed costs assigned to the reservation component of the, rate (million dollars per year)

* VADIS, -=  allocation determinant for variable costs recovered from interruptible service (ratio)
VCU, = variable costs assigned to the usage comporiefit of the rate (milfion dollars per year) .
VCR, = vanable costs assxgned to the reservauon component of the rate (million dollars per year)

a-=

-

arc . N - , , .

The costs allocated o interruptible transportation service are not used to derive the maximum and minimum rates
that may be-charged for interruptible service. - These costs are presented here to account fully for all costs that make
up the total cost of service and to facilitate the discussion of the derivation of the costs allpcated to firm
transportation service. ‘The computation of rates for firm and interruptible service is presented in Step 6. '

-t

— A
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Step 6: Comput'ation of Rates

Firm Transportation Service. Arc-level reservation and usage fees for firm service are determmed by dividing the
costs corresponding to each rate component by the appropriate billing determinants. Thus, the reservation fee is

" determined as the reservation costs recovered from firm service (RCFS ) divided by the annualized reservations for
firm transportatron service. Thatis, .

RFEE. = RCFS_/(PRESV_*365)’ ’ . ,- _ ‘ (113)
where, ‘
] RFEE, = reservation fee for firm service in dollars per Mcf of capacity reserved
- RCFS, . = reservation costs.assigned to core customers (million dollars per year) .
PRESV, = .peak-day reservations for firm transportatron service (Bcf per day) [Appendrx F, Table F17]
a =ac -,

.The NGTDM prpehne network uses tariffs in the form of dollars per Mcf of throughput. Therefore, the reservation
fee component of the NGTDM pipeline tariff is derived by dividing the resérvation costs assrgned to firm service
.(RCFS,) by the annual firm transportation service throughput. Thatis, - -

. PTAR_REV_F. = RCFS [FSERV, R ‘ ‘ aw)
'Whﬁl'e,

P’I‘AR_REV_F . Teservation fee component of the firm service prpelme tanff (dollars per Mcf of throughput)

RCFS, = reservation costs assigned to core customers (million dollars per year)
. FSERV = -‘annual throughput volume for ﬁrm transportatron (Bcf per year)
‘ a = arc e

. ~'Srmrlarly, the usage fee is- detemuned as the -usage costs recovered from core customers (UCFS,) divided by.the
annual throughput volume for firm servrce, ‘as follows: -

UFEE, = UCFS_IFSERVJ Do s T ' 15
where, . o . i
UFEE, =’ usage fee for firm service (dollars per Mcf) ) -
UCFS, = usage costs assigned to core customers (million-dollars per year)
"+, FSERV, = annual throughput volume for firm transportzttton (Bcf per year)

.a are I A B

The total firm pipeline tariff is the sum of the reservation and usage components as shown below

~

PTARE, = P’I‘ARREVF+UFEE * - - . (116)
where, )
PTAR_F, pipeline tariff for firm service sent to the Annual Flow Module (dollars per Mcf)
PTAR_REV_F,

reservation fee component of the firm service pipeline tanff (dollars per Mcf of throughput)
usage fee “for firm service (dollars per Mcf) )
arc :

UFEE,

a

To account for regulatory oversight and to assist in stabilizing the tariffs, a check is performed each year to limit
the annual increase in the firm tarrff components to a user.specified escalation rate. This hmrt is imposéd as shown
',m the following equations: . .
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RFEE,, = MIN (RFEE,, PREV_REV_F, » (1+MAXESC)) B a1

‘ where,
RFEE = reservatfon fee for firm service (dollars per Mcf) -
PREV_REV_F = reservation fee for firm service in the previous year (dollars per Mcf) .
MAXESC ‘= maximum allowable annual escalauon rate for tariffs [Appendrx F, Table F35 (fractron)] :
. a = arc.
* t.= forecast year.
and
. UFEE,, < MIN (UFEE,, PREV_COM_F, * (14MAXESC)) ‘ C )
. where, » - , A ’ ‘
.+, " UFEE = usage fee for firm service (dollars per Mcf) -
) PREV _REV_F- = -usage fee for firm service in the previous year (dollars per Mcf). - )
' MAXESC = maxrmum a]lowable annual escalatron rate for tariffs [Appendix F, Table F35 (fraction)]
a =arc’ - . .
t = forecast year

Various accountmg mechamsms have been built into the tariff computauon procedures to account specrﬁcally for
- Order 636 transition costs. These mechanisms are nnplemented in the base year (and subsequent years) and therefore
they are presented in this section of the Chapter“9 . )
‘Balances in purchase gas adjustment accounts (otherwrse lcnown as Account 191) : afe collected on a per unrt basis
-~ of firm thronghput. The costs are assumed to be collected over a multr-year period. ’I'he Aceount 191 surcharge' .
s computed as follows ) .
' PTAR_IOLF, _::-(ANUN;_191;/1=s_Eriv,)/A191YRs S Ca
.lwnere’ ~ A N + - - ' -

: P'I‘ARJ91_‘F, = fimm tariff surcharge for Account 191 wansition costs (dollars per Mcf)

" ANUM191 = -Account 191 transition costs assigned to aic a (million dollars)
' . FSERV, = annual throughput volume for firm transportation (Bcf per year)
-A191YRS = number of years Account 191 costs are assumed 10 be collected (Appendrx F ‘Table F24)
-a = are- . .

“"Tariff surcharges to collect gas supply realrgnment costs (GSR costs) are computed in a similar manner, however,
flexibility.is provided to assrgn a portion-of the costs to core customers and a poruon of the costs to noncore
customers as follows : . .

PI‘AR GSR F = [(AGSRCOSTS *SHARE GSR_F). / FSERV] I GSRYRS Do ,‘ (120) X

x twhere, -
. l'>TAR_GSR__‘F, ‘= firm tariff surcharge for GSR transition costs (dollars per Mcf)
AGSRCOSTS, = GSR transition costs assigned to arc a (million dollars)
SHARE_GSR_F =

fraction of GSR transition costs assigned to firm service (Appendrx F Table F24)

"FSERV, "= annual throughput volmne for firm transportauon (Bcf per year)

~

P . ¢

‘”The magnitude of Order 636 transrtron costs; the years dunng which they are collected and the share of costs assrgned to

. drfferem classes of service are data dnven@ See Table F24 in Appendrx F for the. default assumptions.
]
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GSRYRS = number of years GSR costs are assumed to be collected '(Appendix F, Table F24)
a = arc . :

The total ﬁrm tariff sent to the Annual Flow Module network is the sum of the firm tariff and any Order 636
' surcharges, -The total tariff is computed as shown below.

PTAR_F, = PTAR_F, + PTAR_lél;F, + P’I‘AR_GSR_Fa L : (121)
where,
PTAR_F, = total tariff for firm service passed to the Annual Flow Module (dollars per Mcf)
" PTAR_191_F, - = firm tariff surcharge for- Account 191 transition costs (dollars per Mcf)
PTAR_GSR_F,‘ = firm tariff surcharge for GSR transmon costs (dollars per Mcf)

a arc
This. firm tariff is then checked agamst a maximum firm tariff (Appendix F, Table F45) to prevent the tariff from
becoming unrealistically h:gh due o low uuhzanon along the arc. .

Interruptible Transportation Semce. The actual interruptible transponauon rates are determined within the linear
programming solution procedure, but are bounded by regulatcd maximum and minimum rates provided by the PTM.
. The arc-level maximum and minimum rates for interruptible transportation service are derived from variable costs,

-reservation and usage fees for firm service, and a load factor permitted by FERC for interruptible service (LFAC)
(cmrcmly set equal to 100 percent). The maximum tariff (MAX,) is computed as the sum of the reservation fee
(dmded by the load factor) and the usage fee. Thatis, ’

MAX, = RFEE/LFAC + UFEE,-- = . B ¢ )
" where, _ oY . : ‘
'MAX, = maximum rate for interruptible ser;nce (dollars per Mcf)
RFEE,. ‘= reservation fee for firm service (dollars per Mcf)
."LFAC = load factor for deriving the maximum interruptible rate [Appendlx F, Table F35 (rauo)]
- UFEE, = usage fee for ﬁrm servxce in (dollars per Mct) - -
= arc

a

The minimum tariff (MIN ) is computed as the sum of all variable costs associated wnh the arc (VSUM,) dwxded
by the total annual firm and mten'upuble throughput vohnne, as follows* B

MIN, = VSUM /(FSERV + ISERV A - ’ (123)
VSUM = VCR, +.VCU, ' P ¢ )
where, ) ‘ ‘
MIN, = minimum rate for interruptible service (dollars per Mcf) .
VSUM, = total variable costs for firm and interruptible service (million dollars)
FSERV, = annual throughput volume for firm transportation (Bcf)
ISERV, = annual throughput volume for interruptible transportation service (Bef)
VCR, = variable costs assigned to the reservation component of the rate (million dollars)
VCU, = variable costs assigned to the usage component of the rate (million dollars)
" a = arc ‘ ‘ : )

‘Simil:ar'to the firm pipeline tariffs, the regulated maximum. interruptible tariff is limited to increase at a rate no
 greater than a user specified escalation rate as shown in the equation below. -

-
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. MAX,, MIN(MAXM, AX, ,*(1+MAXESC)) L ) o . (125)
where, | |
MAX, = maximum 1ate for interruptible service (dollars per Mcf)
MAXESC = maximum allowable annual escalation rate for tariffs [Appendix F, Table F35 (fracuon)]
U2 foreéast year -

) Interruptrble transportauon rates may also include some surcharge attributable to Order 636 transmon costs. .Gas
. supply realignment costs are partially collected through a surcharge on mtemrpuble rates. The computation of this
. surcharge is shown helow . i

¥

P’I‘AR GSR I .= [(AGSRCOSTS *SHARE GSR D/ ISERV.] / GSRYRS , _(126)' e
" where,l ‘
PTAR _GSR_], = mtermptible tariff surcharge for GSR uansruon costs (dollars per Mct)
AGSRCOSTS, = GSR transition costs assigned to arc a.(million dollars)
‘= fraction of GSR.transition costs assxgned to mtemrpuble service (SHARE GSR I = 1.0-

- SHARE_GSR_I
L ' SHARE_GSR_F)

-ISERV, = annual throughput volume for interruptible transponauon (Bcf per year) -
; GSRYRS = numher of years GSR costs are assumed to be collected (Appendrx F, Table F24)
a = ar¢c’ oL _ \ :

- ~

Ftnally, an mtemxpﬁble tanff is computed to he used as the cost of moving mterrupuble gas along each arc in the
Annual Flow Module netwerk. The value for this. tariff is set as a function of user specified parameters. The tariff
may be set to either the' minimum or maximum tariff (MIN, or MAX)) plus the Order 636 surcharges (if applicable)
or it may be set to some value in the range bounded by MIN, and MAX,. Should this latter option be.chosen, the
parameter MAXDISC_I represents a discount off the maximum rate that noncore customers, will receive. The

" ‘computauon of this rate-is shown below

_ PI‘ARI-MAX :MAXDISCI . - ' I -(a2n
o . l’I‘AR_I,:: total tariff formtermpuble transportauon servrcepassedtotheAnnual Flow Module (dollars' .
o - MAX, o= m& rate For mtermpuble service (dollars per Mcf)
MAXDISC.I =

user specified maximum - allowable drscount for mtermpuble transponauon service
[Appendtx F, Table F35 (fraction)]. . ..

"I'hrs mtetrupuble tariff is then checked agamst a maximum mterrupuble tariff (Appendix F, Table F45) to prevent
the tariff from becommg unreahsucally hrgh due to low uuhzauon along the arc.

Storage Servrce. Storage facilities are defined in the NGTDM network at regtonal nodes. In the base-year
initialization phase, storage.facility.costs, capacities, inventories, and other data for existing companies are allocated
to regional NGTDM network nodes using storage facility data in FERC and EIA data series.’”® An interstate
. pipeline company’s total reported storage cost is allocated.to NGTDM region nodes according to the regional

v . - .
AN 4 . . A )

’°FERC Form 2 provides total storage costs for interstate prpelme compames with storage facrhtres Form EIA-191 provrdes
injections, withdrawals, inventories, and base and working gas capacity by field/reservoir for storage facilities owned by all
storage companies. The Form EIA- 191 ﬁlmgs mclude information that allows facilities to be designated as owned by i mterstate

. pxpelme and other’ ﬁrms . ) )

J
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distribution of natural gas storage capacity in the company’s own storage facrlmes, as reponed on Form EIA-191." .

Because storage costs are related to base gas storage capacity, the cost allocation is based on the’ company's regional

share of base gas storage capacity relative to.its total base gas storage capacity. Regional interstate pxpelme
company-level COSts are aggrcgated to the correspondmg NGTDM region node (Equations 103 and 104)

The regional storage costs for interstate pipeline companies are converted to per-unit-capacity costs by dividing the
aggregate regional cost by the aggregate regional base gas storage capacity. The interstate pipeline per-unit storage
capacity cost obtained for each region is applied to the noninterstate (intrastate and third party owners) regional
storage capacity to obtain their estimated storage costs. These costs are added to the NGTDM region aggregate
interstate pipeline company costs (FCS and VCS) to obtain the total storage facility costs (FCST and VCST) at the
reglon node.
. §

Next, the nogde-level storage tanff is computed as the sum of fixed and variable total costs dwrded by the workmg
gas capacity, as shown below.

-

STAR, = VSUM/WGCTT, ' S - : (128)
STAR, = storege tariff (douers per Mcf) ’ - .
- VSUM, = totalstorage costs (million dollars)
‘'WGCTT, -= working gas wpacrty, Junsdlcuonal and non-1m15d1chonal (Bcf)
n = node .

' The to!al cost of storage is deﬁned as the sum of all ﬁxed and.variable total storage costs as shown below

' VSUM vcsr +1=csr o ; N o : 29
where, - ’ -
VSUM, ‘= total storage cost (million dollars) -
"VCST,, .= variable storage costs (million dollars)
FCST, = fixed storage cost (mﬂhon dollars)
n = n0de H .

To account for regulatory oversrght and to assist in stabrhzmg the tanffs, a check is performed each year to limit )
the annual increase in the storage tariff to a user specified escalatmn rate. This hmlt is nnposed as shown in the
followmg equation,

" STAR, = W(STA_R,;J,STAR;H_,’*(I +MAXESCO§) ) A ¢ < )
where, ' a ' o ‘
" STAR,, = storage tariff (dollars perMct) : . :
.- MAXESC = maximum allowable annual escalauon rate for tariffs [Appendlx F, Table F35 (fracuon)]
Tl n = node— \ . . oo o
"t = forecast year -

ThlS method of computing storage tariffs-does not confoxm stnct]y to-industry pracuces, rather it conforms to the .

representation of storage in other modules of the NGTDM

¥ . LI

. "To- dlstnbule costs regioniallys it is assumed that reported costs represem only costs associated with storage facilities owned .
by the company-and do not include costs of stormg gas in other facxlmes e -
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. Construction of Capacity Expansion Cost (PipelineIStorage) Tariff Curves .

As part of the base-year 1mt1ahzauon process, the PTM constructs cost (or ptpehne/storage tanff) curves for the
Capacity Expansron Module. The primary criterion in determining when and where physical pipelines and storage
* facilities will need to be expanded is the need of customers purchasing firm service to receive gas on future peak

. days. A secondary criterion is that the costs associated with pipeline and storage éxpansion are kept to a minimum.
In general, pipeline companies and LDC’s recognize that the high costs incurred in adding pipeline and storage
capacity may lead to increased per-unit charges to customers purchasing firm service, which in the short-term may
Iead to slight decreases in consumption levels. In the long-term, increased delivery costs may lead to much more
significant demand shifts when end-use caprtal purchasmg -decisions are affected.

- To facilitate the cost mmrmtzanon process in ‘the Capacity Expansron .Module, sepatate cost/tanff cnrves for
incremental pipeline- capacity expansion and storage expansion projects are developed for the incremental pipeline
and storage services by the PTM and input to the Capacity Exparision Module. These cost/tariff curves relate
dincremental wpacrty expansion by arc (regton) to corresponding ptpelme (storage) tanffs .

- . The qost/tanff curves are constructed through a process comparable to the base-year tmttahzatron procedure described
- earlier. The PTM has an exogenous data input file of pipeline and'storage capacity cost curves that relate capital
cost to ‘comresponding capacity.expansion. -Pipeline and storage-capital cost data are developed from the incremental
costs required to-add an additional increment of capacity along a network arc artoa storage node in the NGTDM.
- These incremental costs reflect the capital costs associated with adding compressors, looping,” and other means
- of expanding pipeline capacity, or the capital costs associated with adding new or éxpanding existing natural gas .
storage fields. “The PTM also obtains from an exogenous data base the operatmg costs, depreciation schedules, and
other components of revenue requirements associated with prpelme or storage expansron The exogenous data are-
defined by region and are based on htstonc mdustry averages ) :

Constructton of the ptpelme capactty (storage) tanff cost curves is comparable o the process in whtch base-year
transportation (storage) tariffs are developed. However, instead of using the existing pipeline company data bases,
the components of ‘revenue requirements for the capacity - expansion cost curves are obtained from a separate
exogenous data base containing the capital and revenue requirements for capacity expansion projects. Using these
‘data, together with the base-line initialization equations discussed -below, the. PTM develops the reservation fee
associated with each Jevel of capacity expansion provided by the Capacity Expansion Module. The pipeline capacity
(storage) expansion tariff curves are constructed in the base. yw and are used by the Capactty Expansron Module
in all snbsequent foremst years. o

Lo
- Y

Passing Rates to the Annual Flow Module and 0urves to Capacity Expansion
Madule - S : T ) \

As drscussed in Chapter 5, the PTM passes the followrng items to the Annual Flow Module (1) reservation costs
assrgned to core’ customers, (2), usage fees for finm transportation .service, (3) minimum transportation rate for
interruptible service, (4) maximum transportation rate-for interruptible service, and (5) rates for storage service.’ All
PTM data elements passed to the Annual Flow Module must be converted to real dollars using the GDP deflators -
. from the NEMS macroeconomic model. Similarly, when passing the capacity expansron cost tanff curves to the
Capacrty Expansron Module, the rates must be converted 1o real dollars. .

! ) L

”Loopmg is the construction of a, ptpelme parallel to an exxstmg line to increase the mpacrty of the system. ' ‘
"The pipeline tariff is in dollars per. MMBtu-mrle and the- storage tariff, including mjectton -and inventory costs, is in dollars ,
per MMBuu of working gas mpactty ,

RN
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Forecast Year Update Phase

, The purpose of the forecast year update phase is to project, for each subsequent year of the forecast period, the line
items of the cost-of-service discussed above that are used to develop rates. In each remaining year of the simulation,
the PTM forecasts the pipeline company-level parameters required to determine the cost of capital, rate-base,
operation and maintenance expense, and taxes. Additionally, arc-specific billing determinants are projected for the
forecast year. These parameters are used to calculate the arc-specific (node-specific) rates using the procedure -
described in the base-year initialization phase. The forecasting relationships are discussed in detail below.

" ‘The PTM also accounts for revenues and volumetric-flows for new capacity in the forecast year by assigning these
" ‘parameters to arc- or region-specific generic pipeline or storage companies. These pardmeters are forecast at the arc-
- level in subsequent years. Generic pipeline and storage companies are discussed in more detail below.

After all the Tine items of the cost-of-service are forecasted, the PTM proceeds to: (1) classify line items of the cost
of service as fixed and variable costs, (2) allocate fixed and variable costs to rate component (reservation and usage

fee, ‘volumetric charge) based on the rate design, -(3) aggregate costs to the network arc/network node, (4) for-. .-

transportation services, allocate costs to type of service (firm and interruptible), and (5) compute arc-specific (node-
specific) rates, w . , o : :

~

Gen'érlc ﬁipeline and Stqfage Companié_s for Capaclty\'Expansion A

‘The Capacity Expansion Module projects pipeline capacity expansion at the arc level and-storage expansion at the
regional level, as opposed to determining expansion for individual companies. The PTM creates arc-specific generic
pipeline companiés -and regional, node-specific, generic ‘storage facilities to incorporate the effects of capacity
expansion.on an arc or node. Thus, the PTM tracks costs attributable to capacity added during the forecast period
separately from the costs attributable to.facilities in service in the base year. The PTM uses an exogenous data base
to obtain the capital costs which correspond to the level of capacity expansion provided by the Capacity Expansion )
. Module in the forecast year The exogenous data base contains costs in real dollars. These costs. must be
. converted to nominal dollars m the forecast year using the GDP deflators provided by the NEMS macroeconomic
" model.- Other line items_of the- cost-of-service for the generic companies are derived from historical industry
averages and are provided by an exogenous data base. These costs too must be converted to nominal dollars and
‘also must be scaled to reflect the size of-expansion determined by the Capacity Expansion Module.

The new capacity expansion eipe_ndimres allowed in the rate-base within the forecast 'year is derived for each arc
" and node from the amount of incremental capacity additions determined by the Capacity Expansion Module as shown
below. =~ - | . - : S~ . - .

“"NCAE =*X(CAPCST,, ~ CAPCST, ). » (EXPAND,, / AVALL ) ~ (131)
. . P 3 . . ) i - . . "

. . B - .
- N 4 . A "
-

NCAE = X(CAPCST, '~ CAPCST, ) # (EXPAND, / AVALL ) - . (132)
’ s2 - U - e )

where,

'NCAE = new capacity expansion expenditures allowed in the rate base within the forecast year
(dollars) o : , : B
total capital cost to expand capacity (dollars).

CAPCST

MCapital requirements for new storage’capacity expansion are determined from the incremental base gas capacit_y expansion

- and the wellhead price in the forecast year which is used @s cushion gas to maintain adequate pressures.
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EXPAND amount of incremental capacity added by the’Capacity Expansion Module (Bcf)

AVAIL = maximum amount of capacity expansion available (Bcf)
"a = arc o
n = node ’ : ' ‘
. s = index for type of expansion, l = ex1stmg capacity, 2 = compresswn, 3 = looping, 4,5,6 =
new pipe - '

H

The total capital cost to expand capacity at each arc is derived below.

CAPCST,, < CAPCST‘_,_, + (ARCCCu'*((ARCEXu'-ARCEX“_’,):1,000,000) *MILES )/365  (133)
- © CAPCST = total capital cost to expand capacit); (dollars) )
“ARCCC = capital cost per unit-of expansion (dollars-day per Mcf-mile)
"ARCEX = allowable expansion size for an arc (Bef) .
o . ‘MILES = length of transportauon arc in miles [Append1x F, Table F17]
... -a=arc o .
+- s = index for type 'of expansion, 1 ='exxstmg capacxty, 2= c_ompression, 3= loopjng, 45,6=

a - ‘newplpe

An npper bonnd lnmtmg the amount of addmonal capamty that can be achxeved through addmg compression,
looping, and adding new plpe is defined for each arcas a function of the base year arc capacity. The bounds are -
: deﬁned as follows - . ) A

' - < PR

ARCEX PCAPMAX*ARCFAC SRR PR (134).'
where, L .‘-, ot . - » :".. : ) ’
_-ARCEX -=. maximum allowable capacuy expansmn (Bcf) . '
PCAP MAX := -base year design capacity Bch) - i )
ARCFAC .= arc capac:ty expanswn factor [Appendxx F, Table F16 (fracuon)]
-a'= arc ) . : .
s = expansxon step S :

N Umt &qntal costs for expandmg wpacxty are adjusted to reflect regxonal dlffemnces in costs as shown below.

| ARCCC,, = CCOST,, » a +CSTFAC ) RN L
G}hem, a . ;7 LT e . - '
o ARCCC = capnal cost per unit of e)‘:oansmo (dollars-day per Mcf-mlle)

CCOST = capital cost to expand 1 unit of pipeline capacny [AppendxxF TableFl6 (dollars-day per
CSTF AC = ?:gtt;;lrntl(l)e;]ommmodate reglonal difference in cost [Appendxx F, Table F16 (fraction)]
z : ‘:;)anmon step ', a | ‘

Slmxlar to plpelme capacny expansxon, capnal costs for expandmg storaoe at each node'is denved below '.

_ CAPCSTM - CAPCST,, , + (NODECC,, » (NODEEX, -NODEEX”, +1,000000) © (136)

- where, . .. . - -° L L -
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~

CAPCST total capital cost to expand éapacity (dotlars)

NODECC = capital cost per unit of expansion (dollars per Mcf)
NODEEX = allowable expansion size for a node (Bcf)

n = node

§ = expansion step

An upper bound limiting the amount of additional storage capacity that can be added at each node is defined as a
function of the base year node capacity. The bqunds are defined as follows: -

' NODEEX,, = (WGCT, + WGCNT,) » NODFAC,, o . . (137)
where, o o o - . '
NODEEX = maximum allowable capacity expansion at a given storage node ®Bch)
T » WGCT = jurisdictional working gas capacity in the base year (Bcf) .
WGCNT = ronjurisdictional working gas capacity in the base year (Bcf)

.. NODFAC = node capacity expansion factor [Appendix F, Table F16 (fraction)]

e n =node | L ' '

s-é-expamimstpp :

For pipeline capacity expansion, the peak day reservations are set equal to the daily capacity (the capacity provided
by the Capacity Expansion Module divided by 365 days per year). The annual flow through the pipeline is
«calculated as the capacity multiplied by a utilization factor provided by the Capacity Expansion Module or assumed
" exogenously. For storage capacity expansion, the amount of gas withdrawn is set equal to the working gas capacity.

After the generic pipeline company transportation and storage volumes and cost-of-service are determined, the generic
-company is treated within the PTM as an additional arc-specific pipeline company and/or, regional node-specific
. storage facility. . Cost-of-service for the aggregate of all prior years’ capacity expansion projects is projected to the
forecast year according to the subsequent year’s' forecasting procedure discussed below. Company-level cost-of-
service for the new incremental capacity in the forecast year are determined according to the base-year initialization °
procedure discussed above and added to the projected cost-of-service of the.aggregate prior years® capacity.

0. .

Forecasting Cost-of-Service ™ - ‘

" The primary purpose in forecasting cést—of-servi@e is to capture major changes in the composition of the revenue

" requirements and major changes in cost trends through the forecast period.- These changes may be caused by new
construction or maintenance and life extension of nearly depreciated plants, as well as by changes in the cost and
availability of capital. - R P ‘ -

The projection of the cost-of-service is approached-from the viewpoint of a long-run marginal cost analysis for gas
pipeline systems. Thus, costs that are viewed as fixed for the purposes of a rate case actually vary in the long-run
with one or more external measures of size or activity levels in the industry. For. example, capital investments for
" replacement and refurbishment of existing facilities are a long-run marginal cost of the pipeline system. Once in

place, however, the capital investments are viewed as fixed costs for the purposes of rate cases.
¢ - .
The same is true of opérations and maintenance expenses which, except for short-run variable costs such as fuel, are
» most commonly classified as fixed costs in rate cases. For example, customer expenses logically vary over time
based on the number of customers served and the cost of serving each customer. : The unit cost of serving each
’ cusiomer, itself, depends on factor cost changes (e.g., wage rates), the extent or complexity of service provided to
each customer, and the efficiency of the technology level employed in providing the service.

-5 Alt cost components in the forecast equations in this section are in nominal dollar, unless explicitly stated otherwise.
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The long-rin marginal cost approach generally projects total costs as the product of unit cost for the activity
multiplied by the incidence of the activity. Unit costs are projected from factor cost changes combined with time *
trends describing changes in level of service, complexity, or technology. The level of activity is projected in terms
of variables external to the PTM (e.g., annual throughput; etc.) which are both logically and empirically related to
- the incurrence of oosts

Implementanon of the long-run marginal cost approach involves forecasting relationships developed through empirical
" studies of historical change in pipeline/storage facility costs, accounting algorithms, exogenous assumptions, and
inputs from other NEMS modules. These forecasnng algonthms may be- classified mto three distinct projected
plpelme cost areas, as follows

{-0 The projection o_f existing and incremental rate b’ase and capital costs . s
- The projection-of capital-related components of the revenue requirement - | ,
- The projection of operations and maintenance expenses of the revenue requirements.

’ The empmeally denved forewstmg algonthms dlscussed below are detenmned for each pxpehne company

o Pro]ection of’ Rate Base and Cost of Capital

.. The approach for pro_;ecnng rate base and capital costs is snmmanzed in Table 8-4 Long-run margmal mpnal costs -

-of pipeline companies are reflected in changes in the rate base. Once projected, the rate base is translated into
.capital-related components of the revenue requn'ements based on pro;ecuons of the cost of caprtal capxtaluauon, and
'algonthms for ‘depreciation and tax effects - L

. ]Ra te-Base Coxnponents. The pmJected rate base in year tis oomputed as in the base: year That i is, the rate base
_*m year- tis the net plant in semce m year t plus workmg capxtal and transition- expenses in year t. :

PRB GPIS - ADDA,, + .cwcl +. ch, - S . G (138)
where, - '
s PRB = pipeline rate base before adjustment in dollars
- GPIS' .= - original capital cost of plant in service (gross plant in servxce) m dollars
ADDA . = -accumulated depletion, depreciation, and- amoruzanon in' dollars

. CWC = cash working capital in dollars

- ‘OWC = other working capital in dollars _ : .

t -= forecast year »- ) ST L -

~The vanables of the rate-base €quation are forewst by the followmg set of equauons Fn'st, £ross plant in service*
in the forecast year is determined by the prior year’s gross plant in service, pew capacity expansion (as determined
by the Capacity Expansion Module), current capital additions to existing plants for replacement and refurbishment,
and cost assoc:ated w1th new facrlmes for complymg with Order 636. Gross plant in service is forecast as follows

GPIS .;_ A GPISl |+ BLAE + PNEWFAC S (exxsnng pipe) - (139)
t GPISl 1 * NCAE . * (generic pipe)
where, ' . h ) .." ‘. te .- " .- -'l ) ) ;. . .
. VGPIS = ongmal capital cost of plant in service (gross plant in “service) in dollars
NCAE = new capacity expansion expenditures allowed in rate base within the forecast year in dollars
BLAE = capital expenditures associated . with base year capacxty (refurbishment/replacement
- expenditures) in dollars :
PNEWFAC =

cost of new facrlmes requu'ed to comply with Order 636 (nominal. dollars)“

"New facilities transition cost wxll be added into. ongmal capxtal cost ‘'of plant in service, on mdwrdual pipeline bas:s See ,
Table F24 in Appendxx F for default assumpuons on costs and deprecxauon schedules. ..
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~ Table 8-4. Approach to Projection of Rate Base and Capital Costs

; I ) , Projection Component

1, Rate Base

a.  Gross plant in service

' l. Capacity expansmn costs for genenc
pxpellne/storage

I Replacement/refurblshment costs for
. - exlstmg pipeline/storage

‘. b. Accumulated Depreclatlon, Depletlon &

Provided by the Capacity Expansion Module

Accounting algorithm'or uaer defined |
options

Existing-Pipelines: empirically estimated

Amoruzatlon . “Generic Pipelines: accounting algorithm
c. ?Cash and other workmg capnal ) Empirically estimated ‘
d. 'Transmon expenses "| Accounting algorithm with exogenous = -
. specification for recovery/absorption -
e, .Accumulated deferre'c; income taxes - Exi-sﬁng' Pipelines: empirically esti}nated
. - Lo Generic Pipelines: - accounting algorithm.
- 1., Depreciation, depletion, and éxisting Pipelines:. empirically estimated
* .amortization Generic Pipelines: accounting algorithm

‘2, C’ost’ofCapital_ 3 o =' 

“Ca) ‘~|;ong-tenn debirate L _*-_A

é

b ' Preferred eduity'_rate

L3

_¢. Common equity retun . .’

: ‘Base year rate (fixed)

/".

Base: year average rate adjusted using
pro;ected bond yields

o

i .Ineorperate chan'éea in dividend/bond yields

|l 3., Capital Structure

Held constant at base year values
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. Capital expenditures associated w1th base year. capacny (refurbishment on exlstmg pipeline/storage) are obtamed by
using three available options (BLAESWT =0, 1, 2) The first option (used in AEQ95) sets capital expendxtures for
pipeline refurbishment/replacement to zero. The-second option sets refurbishment to be a proportion of the annual
" depreciation expense. The proportion is a function of the age of the plant. Option three allows the user to
exogenously define total annual capital expenditures for refurbishment for the whole pipeline industry. The industry-
wide expense is. distributed to individual compames as a function of the gas plant in service. These options are
deﬁned as follows: :

" option 1 (BLAESWT—O) -
CBLAE=0. ... o )

-

ggnon (BLAESWT—I)

‘. BLAE,=DDA, ADDA 1 GPIS;, S a1y .
where, N . - R ' ]
: '_ BLAE = capltal expendmxres assoclated thh base year mpac:ty (refurblshment/ replacement'
" "".expenditures) in dollars
DDA = depreciation, depletion and amomzauon costs in dollars
ADDA‘ = -accumulated depreciation, depletion, and amortization in dollars
‘GPIS = .original eapnal cost of plant in semce (gross plant in serwcc) in dollaxs
. tTo=

t

S forecastyear o
" -option3 (BLAESWT-2)
BLAE, = BLAEI‘OT » (GPIS,, / INDUSTRYGPIS,)) .~ - ¢

where, R

BLAE~= capnal expendmn'es assocmted thh base year wpacuy (refmblshmentl replacement
- * . _ . expenditures) in dollars. © - -
“"BLAETOT -= user-defined total cap1ta1 expendltnre for refmblshmentlteplacement for the pipeline mdustry
E " . indollars :
- 'GP = ongmal capital cost of plant in service (gross plant in service) i in dollars S
. ‘INDUS'IRYGPIS -= total capital cost-of plant 1 in semce (gross plant in serv1ce) for plpelme mdusuy in dollars
: . ‘t=forecastyw - _ P '

Accumulated deprec:auon, depleuon, and amoruzauon is gwen by:
ADDA, = ADDA,, #DDA- B S T (O
Cwhew, | o | |

accumilated depreciation, depletion, and amortization in dollars-
deprecxanon, depleuon, and amoruzauon costs in dollars

ADDA
-DDA -

.

A regression equauon is used to define the annual deprecxauon, depletxon, and amomzauon for existing pipelines,

" while an accounung algonthm is used for genenc plpelmes For ex;sung pipelines, this expense is forecast as .

.;follows s o S R . ..

AN
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DDA, = (1-p)sB, + B,sNETPLT, + B+DEPSHR, - . - ada) .
+ psDDA, | ~'p*(B «NETPLT, , + B,*DEPSHR )

where,
DDA = deprecrauon, depleuon, and amortization costs in dollars .
BoBuB. = coefficients estimated based on an empirical study (Appendix G, Table G4)
p = estimated auto-correlation coefficients (Appendix G, Table G4)
NETPLT = net capital cost of plant in service (dollars)
DEPSHR = ratio of accumulated depreciation, depletion, and amortization expenses to gross plant in

‘-servrce (a proxy for pipeline age)
The net plant in service and the proxy for pipeline age are defined as _follows:‘

, - - NETPLT, = GPIS,, - ADDA, - , L ads)
- DEPSHR ADDA , 1 GPIS,_, - o
where,”

.GPIS = ongmal wpltal cost of plant in service (gross plant in service) in dollars
ADDA = accumulated depreciation, depletion, and amortization in dollars

'I‘he acootmtmg algonthm used w0 deﬁne the annual depreciation, depleuon, and amortization for genenc pxpehnes
assumes straight line deprecratron over a 30 year life, as follows:

DDA =Y (NCAE/30) - . | _ \ N CON

P R : . . ' '
where,
" DDA, ="depreciation, depletion, and amortization costs i dollars '

* NCAE, = new capacity expansion expenditures occumng in year s (in dollars)
§ = the year new expansion occun'ed .
30 = 30 years of plant life :
.t o= forecast year

Cash working capital is set equal to zero, because lnstonmlly it has been at -or near zero. Thus,
' cwc-o o \ I R a4
' where, ) . - - '
| . CWC .= cash workmg capxtal in dollars

Other working mprtal consists of matenal and supplies, gas held in storage, and other components that vary by
company Ot.her working capital is calculated as a function of gross plant in servrce, as follows:

OWC, = GPIS!’ -» Gprs:"?° * exp [BT » (MC_ PGDP p:MC PGDP, )] (148)
* exp [B2 » (TYEAR - p*(TYEAR 10))] * OWC,"l * CONST
where, :
: OWC = other working caplta] in dollars
GPIS = original capital cost of plant in service (gross plant in semce) in dollars

estlmated cocfficient on’ gross plant in service
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c 7

sy

estimated auto correlation coefficient

Bl = estimated coefficient on price level - )
MC_PGDP, = implicit GDP price deflator (from the Macroeconomic Acuvxty Model)
B2 = estimated coefficient on time trend '
TYEAR = year in Julian units Gi.e., 1995)
CONST '= estimated constant term

-forecast year
[Note: Seé Table G4 in Appendix G for denvauon of coefficients and regression staUSucs]

The rate base is adjusted for accumulated deferred income taxes and other expenses as follows:

v

APRB, = PRB, - ADIT,+ TPEB . -~ . = | 49 .
.- Whe;é,. :‘ ‘ ) ()
_ APRB = adjusted pipeline rate base in dollars
S, PRB pipeline rate base before adjustment i in dollars

ADIT accumulated deferréd income taxes in dollars ’ - . 2 . ' ."
TPEB transition expense balance in dollars. L . R
t forecastywr . . : : :,‘ L

Acannulated defemed income taxes depends on income tax regulauons in effect, differences in’ tax and book

depreciation, and -the time vintage of past construction. . The relationship established for the existing pipeline is

- different ‘from the relationship for generic pxpelme The accumulaxed deferred income taxes for existing
pxpelmelstorage is derived as follows: . . . .

" ADIT; = Bo+B,*ADIT +BZ*NETPLT Y ¢ £
. where’ ‘. | ‘ ' ,' ) _. . . X .;\ .
o BoBiB: =' coefﬁclents estimated based on empirical study (Appendxx G Table G4)
- - ADIT =. accumulated deferred income taxes in dollars- '

"NETPLT " =. difference between original capital cost of plant in service and accmnulaled deprecnauon in

e -previous period (uet plant in servxce) in dollars : S
N | —-forecastyear ;

Accumulated deferred income taxes for genenc compames is calculated usmg an accounung algonthm -1t is assumed
_that for rate making purposes, straight line depreciation (SLD) is used. 'However, for tax purposes, modified
accelerated cost recovery ‘system (MACRS) with.a 15 1/2 year'schedul'e is used. ADIT is derived from the
difference between two depreciation schedules and the-tax rate. . Selecting the formula used to calculate ADIT
- depends on the difference between two depreciation schedules and the book value of the asset (wlculated using the
MACRS depremauon schedule) The formulae are as follows

-

'ADIT, , (DEPRMACRS, -DEPRSL)<FRATE . if DEPRMACRS > DEPRSL

ADIT,=  ADIT,, - - ° . ° " " 734 BOOKVL > 0 _
| ADIT, - DEPRSLsFRATE - - . ifBOOKVL = 0 |
whe'm, N . ..
- ADIT = accumulated deferred mcome taxes in dollars
DEPRMACRS = annual depreciation expense using MACRS

. - DEPRSL = annual deprecxauon expense using 30 year su'alght lme schedule
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'FRATE ‘= federal tax rate (Appendix G, Table G4)

‘BOOKVL =. book value of plant, which is calculated using- stralghl line depreciation schedule
1 = forecast year" .
* and,

DEPRMACRS, = Y~ -NCAE, » MACRS RATE‘ - \ 7

: = ‘ i 152)
DEPRSL, = 3° NCAE, /30 ~

) s=1991

where, '
. NCAE = new mpabny expénsxon expenditures occurring in year s (in dollars) -
MACRS_RATE = ‘rate of depreciation’by MACRS schedule (Appendix G Table G4)
s s--= the year new expansion occurred
‘. ’ to= forecastyear

“Cost of Capital. The capnal-related components of lhe revenue reqmremem depend upon the size of the rate base
" and the cost of capnal to the pipeline company. In tumn, the company cost of capital depends upon'the rates of retum
on dcbt and equity and the amounts of debt and eqmty in the overall cap:tahzauon o
Company costof oapnal consists. of long-term debt, preferred stock, and common eqmty The rate of renn'n variables
for debt and equity will be related to forecast macroeconomic variables. For example, it is assumed that the long-
term debt rate for existing pipe will vary as a funiction of a delta off of the long-term debt rate and ‘the yield on AA
- uuhty bonds ptowdcd by the Macroeconomxc Activity Model, as follows

!

" where,

-

: "L'IDR‘ = MC_RWQAANS; {1000 + LTDR, - MC_RMPUAANSb /100.0 153)
* . LIDR = long-term ‘debt rate [Appendxx E, Table ES (fracuon)]
. MC_RMPUAANS = AA utility bond index rate prov1ded by the Macroeconomic Acthty Model (porcemage)
_ b = baseyear -
t =. forecast year

- The coupon rate for preferred stock is assumed ‘const_ant ai the_base-yeaf coupon rate for existing pipelines. Thils,'

'PFER‘=P].:‘ER‘; o "‘. : . -_-“ ‘ . . i . (154)
where, ' ' o |
PFER = coupon rate for preferred stock [Appendxx E, Table ES (fracuon)]
b = base year - .
- t = forecast year

Ay

"The rate of return on common eqhxty for existing plpelmés is considered to be a funcuon of the long-term debt rate
and the difference between the long-term debt rate and the approved rate of remm on common eqmty in the base
year. k

CMER, = LTDR, + CMER, - L’I'DR'b o . L (155)

where,
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. CMER * = coinmon equity rate of return [Appendix E, Table E5 (ffaction))

LTDR = long-term debt rate [Appendix E, Table E5 (fraction)]
b = base year
t = forecastyear ) - e .

For exrstmg companies, the values of common stock preferred stock and long term debt are assumed to be constant
in real dollars;’ therefore, in nominal dollars these are increased by the inflation rate for the forecast period:

PFES, = PFES,, » GDPINFL,

. . CMES, = CMES,, + GDPINFL, ‘(156)
" - LID, =LTD, » GDPINFL, o - - .
. %, . PFES = value of preferred stock in nominal doliars :
CMES = value of common equity in nominal dollars
.LTD = long-term debt in nominal dollars
GDPINFL = implicit GDP price mﬂator relanve to prevxous year (from the Macroeconomrc Actmty
, Model) . : ) .

it = forecastyear : .' S g . .

.

“For generic compames, the long-texm debt rate (GL’I'DR), coupon rate for preferred stock (GPFER), and common
- equity rate of return (GCMER) are assumed to be constant-over the.forecast period (Appendix F, Table F46).
Likewise, the capital structure for generic pipeline are also assumed constant. Thé three components of capital
structure (GPFESTR, GCEMSTR, and GLTDSTR) are defined as the average 1990 capital structure of the pipeline
directly represented in.the PTM (Appendix E, Table E4), and are used, along with the adjusted pxpelme rate base, :
to determme the values of preferred stock, common stock, and long term debt:

-PFES, = GPFESTR, + APRB, ,
- CMES, = GCMESTR, - APRB, S e
LTD, = GLTDSTR, ‘s’ APRB, /

| . "(157)

where, - )
. PFES =" value of preferred stock in nominal dollars ~ : ) ,
. CMES" = 'value of common equity in nominal dollars - , - ‘ o b
. LTD = long-term debt in nominal dollars ’ .
. GPFESTR = average historical ratio of preferred stock to total capltal used as capua] structure for genenc .
< : i . ~pipeline (constant over forecast period)
‘GCMESTR = average historical ratio of common stock to total capxta] used as capital stmcture for generic .
-~ 7 -pipeline (constant over forecast period) -
. GLTDSTR = average historical ratio of long term debt to total capital used as capxtal structure for generic
S pipeline (constant over forecast period) .
adjusted pxpelme rate base (dollars)

APRB
-t

. forecast year’

Capital structure is the percent of total capitalization represented by each of the three capital components: long-term
debt costs, preferred equity, and common equity. The proportions of total capitalization due to-comihon stock,
Apreferred stock and long-tezm debt is consrdered fixed at the base-year values throughout the forewsl Assmmng

A
A )
T
. ) i .
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that the fractions of total capttahzatton remain the same over the forecast honzon, the wetghted average costof
capital in the forecast year is given by .

WARORl = [(PFER‘*PFESl) + (CMER +CMES) + (LTDR+LTDS)] / TOTCAP, - (158)
where,
WAROR = weighted-average before-tax rate of return on capitdl (fraction)
. PFER = coupon rate for preferred stock (fraction)
PFES = value of preferred stock (dollars) |
CMER = common equity rate of return (fraction)
- CMES = value of common stock (doHars)
LTDR = long-term debt rate (fraction)
., LIDS = -value of long-term debt (dollars) -
‘TOTCAP = sum of the value of long-term debt, preferred stock, and common stock eqmty [Equatton 8
' (dollars)] ' . . .
‘s, ,' 't = forecast year. . . ~

' Pro]ection of Capital-Ftelated COmponents of the Revenue Requirements C

‘The approach tothe’ pro_;ecuon of capital-related components of the revenue: reqmrements is summarized in Table 8-5.
(Given the rate-base-and capxtahzauon projections discussed above, the components of revenue requirements are
relatively straightforward to project. The capital-related components of the revenue  requirements include total return;
Federal and State tax credits; Federal and State income taxes; other taxes, and deprectauon, deplehon, and
amoruzanon oosts These cost components.are projected as follows

The total remm is computed fmm ‘the projected weighted cost of capxtal and esttmated rate base, -as follows:

TRRB, = WAROR;APRB e (159
v;hcre’ . ‘ > ‘ o t - . -
TI_QRB = total return .on rate base’ (bet"ore. taxes) in dollars
WAROR = welghted-average before-tax rate of retum on mpttal (fraction) -
- APRB = adjusted pipeline rate base in dollars ’ .
‘ -t = -forecast year

’ The rctum on rate base for extstmg compames xs ‘broken out into the three components as shown belowL

PFEN (PFESJI‘OTCAP) » PFER +APRB, - . . ' (160)
CMEN, = (CMES/TOTCAP) » CMER * APRB LT N .. ael)
LTDN, = (LTDS/TOTCAP) » LTDR, s APRB, - o . (162)
where, ' T . . T .
PFEN = total return on preferred stock (dollars) .
PFES = value of preférred stock (dollars) .
TOTCAP = total capitalization (dollars) - S
PFER = coupon rate for preferred stock (fraction) -’
. APRB =

adjusted pipeline rate base (dollars)

' T'Changes in capital structure could be treated later as an enhancement to the PTM. 'I'ms would involve consideration of,
among other. factors, sources and uses of funds, dividend payout policies, and regulatory caps on how much common equity is
permxtted in detenmmng rates. It is not clea: that this enhancement would offer large benefits to the forecast. -

2 .
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Table 8-5. Approa'ch to Projeciioq of Revenue Requirements: Capital.-Related Costs and Taxes

1. Rate Base-related ‘Cotnpo'rre'n_t's

b . Federal/State tax credits |

~

Projection Component : ~_ Approach °

a.:. Total return o ‘ ‘ . | Direct calculation from projected rate base

'Federal/State income taxes

and rates of return.

Held constant in real terms at base'year '
values .

Accouritiog algorithms based on tax rates

"2, O_ﬁ]erTaxes

‘CMEN

-CMES'

CMER
LTDN
LTDS

- LTDR
P t

Held constant in real terms at base year
| values

total return on common. stock equity (dollars) -

value of common stock equity- (dollars) .

common eqmty raté of return (fraction) .

total return on long-term. debt (dollars) - -~ .-

value of long-term' debt (dollars) - ' 1

long-term debt rate (ﬁacuon) : . . ‘
forecast year ) NN - . ‘ L

For generic companies the eapxtal structure is assumed to be constant over the forecast penod Therefore, the retum_
on rate base for genenc oompames (new expansxon poruon of pxpehne/storage) is defined using a sxmpler format. ;

where, -

(f,

{

PFEN-(GPFESTR)*PFER *APRB LT Co ". (163)
. CMEN, -;'(GCEMS'IR)-* CEMRl.rAP,RB; ' . Co (164).
. LTDN; = (GLTDSTR) » LTDR; +'APRB, . - =~ .- O ¢ )
PFEN :'Alotal return on preferred stock (dollars) - e T
"CMEN .= fotal return on common stock equity (dollars) T : RS
. "LTDN = total return-on long-term debt (dollars) . - - T
-~ GPFESTR = average histofical ratio of preferred stock to.total caprtal used as capital structure for genenc
o * * pipeline (constant over forecast period) - :
GCMESTR = -average historical ratio of common stock to total eapnal used as capnal strucwre for genenc
» - - 7 . pipeline (constant over forecast period)
GLTDSTR ‘= average historical ratio of long term debt to total capnal used as capual structure for,genenc
. .~ pipeline (constant over forecast period) . ‘
" 'PFER_ = coupon rate for prefemed stock (fraction) -
-CMER -= common equity rate of return (fraction)
. .LTDR -=" long-term debt rate (fraction) . ’
" APRB. = i

adjusted pipeline rate base (dollars)
forecast year .
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TOTAX = FSIT .. OTTAX _ FSITC (166)
Where, )
" ToTax - ot Federal and State jncom L2 liability (dojgays) )
FSIT = Federa] and Syate income a5 (dollars) " .
FSITC = Federa] ang State investmeny gay credits (dollars) - - :
OTTAX - all other laxes assessed py Federy], State, or local &overnmeng except income taxes
(doHars) . : b . ) )
t forecast Year A

Federa) income tax cmdits.are assumeq o Temain constant in rey; terms at the base year leve} throughoy; the forecasy
- and lhqm}‘ore' they are adjusted fgr inflatiop, Other laxes relate 1 a combinatjop of ad valorem (ayeg (which grow
" with Company Ievenue), 'property laxes (wbic_h grow ip Proportiop ¢ 81055 plany), and all gther taxes (assumeg -
constant in req; terms), Other taxeg are determine 4 a function of the previgys year's level times the inflation rate
from theprevious Year, o s L ' - , T C A

OTTAX - OT'-I\'AXH,t(I\,/ICJ’:GDR /MCPGDR, . " a6y)

Orma] Taling expep; are fufther i Sgregated ingo deprecxahon, deple , and amorumuop €Xpenses, tota]
laxes (prev:ously ted above), adminis Ve and gep, Xpense, customer ex S, and to Operations ang
maintenance €Xpenses, The PProach to the Projection of these line items s ¢ ized in Table 8.6, - € Projected

Costs are bagaq on long-ryp Marginal ¢og relationships in the Pipeline industry which Telate COst incurrence to
-externa] Mmeasures of indusu;'y size or aclivity and which relate unjy Costs to meastirable changes ip factor Costs, the
level ang Dature. of the Service, and technolopy, 1 SOMe cases cogys are assumeg ¢, be helg constant becayse of
Limiteq Tesources available 19 develop day, and-develop the €mpirica] Cstimates,” - .

TCOS,'=_TRRB, +'TNOE - REve, - = : - IR : (168) -
= total cost-ofsseryice (dollarsy L
TRRB = o0 Teéturn op Fale. base [before laxes (dollars)]
= lotal normgj Operating €xpenses (dollars)
= revenye Credits 10 COst-of-service (dollars) :
t =" forecast yeqy U ;

Revenye credits to €0St-0f-servjce is delermined asa function of the previgy year's level (imeg the inflatigp rate
from the Tevious year, o follows: - . ~ ‘ , _ .




Table 8-6. Approach to Projection of Revenue Credits end Normal Op’erating"Expenses"

) | . Projection Component

1. Revenue Credits to Cost of Service* : Held constant at base-year value adjusted
: S | for inflation

Approach

* 2. Depreciaiion, Depletion, and Amortization - Empirically estimated
| 1 . - . . . -
3 Admlmstratlve & General - " Empirlcally estimated . ‘
~. = . salaries, pension beneflts, regulatory | - N L. .
PRI expenses, and other expenses ) :
4:,' -’Costo?ner'Expense . ' - Held constant at base-year value adjusted
. LT a - | for inflation : :

|-5-, ,‘_Tot.al— dperaiing and Maintenance Expense - .Empirically estimated-

W

"REVC, = REVC,#(MCPGDPIMCPGDP) ST T 169)

| 'REVC -
MC_PGDP
ST .

" revenue credits to, oost-of-servxce (dollars) '
- implicit GDP price deflator (from the Macroeconomxc Acuvny Model)
forecast year . :

- i SR

e 7

The revenue reqmrement consxsts of a Just and reasonable return on the rate base plus normal operaung expenses

| TRR,= TRRBM-TNOE S S B a70)
where, - .
T . IRR = total revenue }equirement (dollars) . | ;
TRRB" = total return-on rate base [before taxes (dollars)] - ..
TNOE - =_ total normal operating expenses (dollars) S ) A
t = forecast year : R » -

y

The total normal operaung expenses costs COIlSlbl of the followmo componems )

TNOE DDA + TOTAX, + TAG s TCE + TOM : | ' ’(i71)"

" TNOE = total normal operating expenses (dollars)
TOTAX = total Federal and-State income tax liability (dollars)

where,
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" DDA depreciation, depletion. and amortization costs (dolars)

TAG = total administrative and general expense (dollars)
TCE = total customer expense (dollars)
TOM = total operating and maintenance expense (dollars)

t forecast year

L]

A regression equation is used to define the annual depreciation, depleuon, and amortization for existing ‘pxpelmes,’

while an accounting aloonthm is used for generic plpelmes For exrsuno pipelines, this expense is forecast as
follows: :

DDA, = (1-p)*B, + B‘,'*NETPLT + B,+DEPSHR, ,
4 p*DDA_, - p#(B +NETPLT,_ + B,+DEPSHR ) -

(172)

- where,

‘ .. DDA = depreciation, depletion, and amortization costs in dollaxs
%L, PBuBuB: = coefficients estimated based on an empirical study (Appendix G, Table G4)
p = estimated auto-correlation coefﬁcxents (Appendix G, Table G4)-
~ NETPLT = netcapital cost of plant in’service (dollars) :
'= ratio of accumulated depreciation, depletion, and amoruzauon expenses to gross plant in

'DEPSHR
. service (a proxy for pipeline age)

.The net plant in service and the proxy for p:pelme:age are-defined as follows:

NETPLT, = GPIS,, - ADDA,,, . . - L an)
DEPSHR ADDA , | GPIS,, S .
where, J
- GPIS = original capital cost of plant in service (gross plant i in service) in dollars

ADDA accumulated deprecrauon, depleuon, and amortization in dollars

y

The accounung algonthm used to define the’ annual depreclauon, depletion, and amortlzauon for genenc pipelines

. assumes straight line depreciation over a 30 year life, as follows

.- / )
t . St ‘ ’ . .- .
DDA =Y, (NCAE, /30) " .-~ N )
) s=]99} o ) i ] .
where,
DDA, = depreaauon, depleuon, and. amoruzauon costs in dollars .
. NCAE, = new capacity expansion expenditures occumno m year s (in dollars) -
o s = :the year new expansion occurred
30 = 30 years of-plant Jife’
t = forecast year T

Total aduumstratxve and general costs are determincd as afuncuon of gross plant in service.and average annual wage
78,
rate”™; :

where,

. ®Note that the second WAGE term in thie TAG equation was madvertently coded as WAGEl for the AEO95 but should have .

. been coded as a lagged term WAGE, , (in accordance with the final estimated econometric equations presented in Appendix G.

Table G4). Once the correction was made. results from both equations were compared and determined to be very close due 10 -

the small difference between WAGE, and WAGE,, Subseguent versions of the PTM will have the proper TAG equation.
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. where,

' : L P B, B, avexr A B. T ’. i ’
TAG= ™" « GPIS;") » P + WAGE" » : (175)

TAGP, * GPIS™™ & e B WAGE ™™

TAG = total admxmstranve and general costs in real dollar
Bo.BiB»B;s = coefficients estimated based on an empirical study (Appendix G, Table G4)
p = estimhted auto-correlation coefficients (Appendlx G, Table G4)
YEAR = year in Julian units (i.e.1990)
GPIS = original capltal cost of plant in service (Gross Plant In Serv1ce) in dollar
WAGE = average annual salary paid in natural gas transmission mdustry, which is adjusted by real
labor index (Appendxx G, Table G4) . ‘
t = forecast year :

Then, the total adrmmstrauve and general costs are converted o nommal dollar to be consistent wnh the convenuon
. mthtsmodule - . : :

_ TAG,=TAG,» MCPGDP, - = [P ¢ £

.where, - :

. 'MC__PGDP = 1mplxc1t GDP pnce deﬂator (from the Macroeconormc Acuvny Model)
.. ‘t.= forecastyear . ‘

T'For projectmn pmposes, total customer expense isa funcnon of last year s level umes the inflation rate from the
"prevxous year :

'TCE;: TCE,_, * (MC_PGDP, / MC_PGDP ) -~ . S ¢ L))
- where, _ \ . ‘
. 'ICE = *total customer expense (dollars) oo i
MC_PGDP ‘= implicit GDP price deflator (from the Macroeconomxc Acuvlty Model)
t-= forecast year ‘

’

"Total opemtmg and mamtenance expenses are esumated separately for exnsung prpelme and genenc plpelme,
’ follows .. . . . .

. 'Existing pipeline”

) TOM SR MILED » WAGE. x PEQUIP”* . TYEAR » _ o (178)
- TOM,_, . Mn_a,_'”' WAGE;”“‘ pEQmp;';"’ .. (TYEAR neh
Genencpxpelme B \ o ~. ' “ .

- TOM, ='¢"®"* x GPIS; ». PEQUIP: » ¢ * PEPHR (179)

TOM", * GPls"‘“ * PEQUIP,‘_‘;“-, » g P DERIR,
TOM
Bo,B'.,B_z,Ba,Bl

total operating and mamtenance expense in real dollars
coefﬁcxems esumated for existing prpelme (Appendix G, Table G4)

Note that the second WAGE texm in the " TOM -equation far exxsuna prpelme was mad\ertemly coded as WAGE, for the :
AE095. but should have been coded as a lagged term WAGE,, (in accordance with the final estimated economeric equauons )

presented in Appendix G, Table G4). Also. the YEAR terms should have been coded as exp(B,*YEAR) and exp(p*B*(YEAR-
1)) as presented in Appendix G. Table G4.” Once these corrections were made. results from both equations were compared and
" - determined to be very close _Subsequent versions of the PTM will have the proper TOM equauon for existing plpelme
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" Ool4,00,05 = coefficients estimated for generic pipeline (Appendix G, Table G4)

P = estimated auto-correlation coefficients (Appendix G, Table G4) . .
MILE, = mile of pipeline for i® company, which is a proxy for the firm’s physical capital ,
WAGE = average annual salary paid in natural gas transmission industry, which is adjusted by real
labor index (Appendix G, Table G4) ' : :
PEQUIP = price index of compressor station equipment .

. GPIS = original capital cost of plant in service [gross plant in service (doliars)] .

" DEPSHR = ratio of accumulated depreciation, ‘depletion, and amortization to gross plant in service
. TYEAR = year in Julian units (i.e., 1995)- ~ )

t forecast year B

- Then, total operating and m‘:iimenance expenses are converted to nominal dollars to be consistent with the convention
in this module. - . o R -

. TOM, = TOM, *+ MC_PGDP, : - - - (180)

wheds, _ .. : .

'MC_PGDP,

implicit GDP price deflator (from the Macroeconomic Activity Model) '

forecast year :

P

-Computation of Rates for Forecast Years ,
“Rates for the forecast years are compited using the procedures for the base-year initialization phase discussed above.
These procedures include the following steps: (1) classify line items of the cost of service as fixed and variable
costs, (2) allocate fixed and variable costs to rate component (reservation and usage fee, volumetric charge) based
on the rate design, (3) aggregate costs to the network arc/network node, (4) for transportation services allocate costs
to type of service (firm and interruptible), and (5) compute arc-specific (node-specific) rates. - Estimation of pipeline
costs for forecast years was.presented in the previous section. Adjustment of the billing determinants in each year
of the forecast is discussed below. - - . ’ S

" The method used to forecast billing determinants is consistent. with (1) the assumptions used in the scenario
. definition, (2) the capacity factor/load factor assumptions, and (3) the incremental new capacity derived from the
capacity expansion algorithm. Base-year peak-day billing determinants will not change throughout the forecast period

. for capacity in place in the base year. Rather, changes in billing determinants from ‘capacity additions will be
- captured through arc-specific generic pipeline companies. Forecast pipeline and storage capacity requirements are
determined by the Capacity Expansion Module. Incremental annual pipeline capacity and storage réquirements and

. capital cost requirements by arc provided by thé Capacity Expansion Module are assigned to arc-specific generic
"pipeline companies and storage facilities. Arc-specific adjustments to billing determin'am§ are modeléd through the
addition’to base-year volumes of incremental annual and:peak service volumes for each generic pipeline company.

- . Annual volume billing determinants will change based on throughput solved for in the Anntial Flow Module in the

previous year with an adjustment to include an estimate of throughput on incremental expansion in the current year
assuming a load factor provided by the Capacity Expansion.Module.”~ . = .
" - s < o~ . L - .

Billing determinants are determined, at-the arc-level, by peak-day design delivery requirements, annual firm
“transportation volumes, annual interruptible transportation’ volumes, and the arc distances between regional nodes.
Since regional growth in pipeline capacity is agaregated to the arc-level, arc distance between regional nodes remains
constant throughout the forecast period. Consequently, changes in billing determinants are effected solely through

‘changes in peak-day design and annual natural gas flows through each network-arc during the forecast period. ‘

+
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Lo Model'Assumptiohs, Inputs,end Outputs

» This last chapter summarizes the model and dafa assumptions used by the Natural Gas Transmission and Distribution
Model (NGTDM) solution methodology and also presents the data inputs to and the outputs from the NGTDM.

Assumptions

‘This section presents a brief summary of the assumptions used within the Natural Gas Transmission and Distribution _

Model (NGTDM). . Generally, there are two types of data assumptions that affect the NGTDM solutions. The first
type can be derived based on historical data (past event), and the second type is based on experience and/or events

that are likely to occur (expert or analyst judgment).” A discussion of the rationale behind assumed values based on

analyst: judgment is beyond the scope of this report. Information on the performance testing of the NGTDM through
_ variation in key inputs to the model is provided in Volume II of this document (the Model Developer’s Report,
Jamdary 3, 1995), which discusses the model performance and results of sensitivity testing. All model input
assumptions, both those derived from known sources and those derived through analyst judgment, are provided in

Appendix F.

The assumptions summanzed in this sectionare refexred toin Chapters 3 - 8.- They are used in NGTDM equations
as their starting values, coefficients, factors, shares, bounds, or user-specified parameters. Six genexal categories of

data assumptions have been defined: classification of market services, demand, transmission and distribution service

pricing, pipeline tariffs and associated regulation, pxpehne mpaclty and uuhzauon, and supply These assumptions
-are summanzed below

~ Market Service Classification
Nonelectric sector natural gas customers are classified as either core or noncore customers, with core customers
transporting their gas under firm (or near firm) transportation agreements and noncore customers transporting their
gas under interruptible or short-term capacily releasé transportation agreements. The resxdenual, commercial, and
transportation (vehicles using compressed natural gas) sectors are assumed to be core customers. Industrial end users
fall into both categories, with mdustnal boxlers and reﬁnerm assumed to be. noncore and all other industrial users
assumed to be core. . . :

Electnc gcnerator natural gas customers are classﬁied as euher (l) core, (2) noncore, pnced compeutwe with

~ . distillate fuel oil, or (3) noncore, priced competitive with residual fuel oil. The classification is based on the type . -

of electric generation boiler. The electric generation units deﬁmng each of the three customer classes modeled are:
as follows: (1) core. — gas steam units or gas ¢ combiried cycle umits, (2) noncore priced competitive-with-distillate
— dual-fired turbine units or gas turbine units, '(3) noncore priced compeuuve-wnh-resxdual — dual-fired steam
plants (consummg both natural gas ‘and resxdual fuel oil).’ - ] - ~7

Demand o R -

¥

The shares for disaggregating nonelectric Census Dmsxon demands 16 NGTDM regions are held constant thxoughout .

the forecast penod and are set equal to the average historical-levels from 1985 to 1990 (Table F6).

The Alaskan natural -gas consumpuon for residential, commercxal and mdustnal sectors (Equations 13 14, 15) is

defined as a function of the exogenously specified number of customers and the landed costs of crude oil in the - '

current and previous forecast years (Tables'E18,-G1, G2). The Alaskan gas consumption is disaggregated into South
.and North Alaska in order to compute the natural gas production forecasts in these regions (Equations 16, 17). The
value of gas ‘consumption in South Alaska as a-percent of total Alaskan gas consumption is based on average
historical data (Table F10). Similarly, the Alaskan lease fuel, plant fuel, and pipeline fuel consumption levels are
calculated as historically based percentages of total dry production-in Alaska (Tal_)le F7). To compute natural gas
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-prices by end-use sector for Alaska, fixed markupé derived from historical data (Table F8) are added 1o the average .

Alaskan natural gas wellhead price over the North and South regions (Equauon 18). Historically-based percentages

and markups are held constant throughout the forecast period. .
" The lease fuel consumpuon in each NGTDM region'is computed as an hlstoncally derived percentage of dry gas
production in each NGTDM/OGSM reglon (Table F2). These percentages are held constant throughout the forecast
penod

~ Pipeline fuel use is.derived by NGTDM region using the efficiencies associated with each arc in the NGTDM
network and exogenously specrﬁed shares, -used to allocate fuel use along an interregional arc to its associated
regions based on the relative pipeline mileage in a given region (Table F39). These. shares are held constant through
. the forecast period. The NGTDM estimates ambient emissions from the pipeline fuel consumption. These emissions

. are a function of pipeline fuel usé and emissions coefficients (Equation 36). An average emission coefficient vector

was derived for each emission type represented in NEMS, using coefficients for different types of compressors and
- the’ 1990 national composition of compressor capacity. (e.g., 23 percent reciprocating engine and 77 percent gas

turbines). Emission control technologxes ‘currently. used in compressors and the national composition- of the
. -COMPressor capacity are assumed not to change over.the forecast penod ’I’hus, the emission factors are képt constant
 throughout the forecast period (Table F25). .

In the Capaclty Expansxon Module, peak and off- peak consumption levels are calculated as exogenously specrﬁed

percentages of expected annual consumption levels. These exogenous peak and off-peak shares (Tables F3 and F4
for consumption, Table F30 for exports) by market type and sector are estimated based on hxstorxcal monthly natural
. gas consumption and are held constant throughout the forecast penod

Pfir:ing of Servleés

Firm transportation rates for ihtersta‘t'e‘brpehne services (both between NGTDM regions and within a region) are'
calculated assuming that the costs of- new pipeline capacity will be rolled into the existing rate base. The test for
determining whether or not to build new capacity is'done based on incremental rates, however. Core market '

transmission and distribution services remain ‘subject to cost of service, rate of return regulation. Noncore
transmission services are competitively priced with the price floor equal to the variable cost of dehvenng nawral gas
) (generally compressor station fuel plus a few cems) ; "o .. .

End-use prices for resxdenual commercral ‘and core. mdustnal customers are derived by addmg markups o the-
* regional hub price of natural gas associated with core service.” Parameters such as efficiencies for ‘compressor .

stations fuel use (Table F19), a minimum markup, and benchmark: factors (Table F29) are incorporated in the
calculation of the markups. These markups (Equations 38, 41, 42, and 45) include the cost of service provided by
- intraregional interstate plpelmes, intrastate plpelmes, and local drsmbutors -'The.intrastate tariffs are accounted for
endogenously through historical model benchmarkmg The distribution tafiffs for the nonelectric sectors are based

on historical data (Table F21), and are assumed to decline at a rate of 1 percent per year throughout the forecast. .
This compares to an average 1.2 percent per year decline observed in the commercial sector distributor markup since

1984 (the first year EIA collected-such.data). Since 1986, the residential and commeicial distributor margms have
declmed atan average annual rate of 1.9 and 2. 9 percent, respecuvely )

: Srmrlarly, pnces for natural gas service to the core segmem of the electnc generation sector are derived by addmg
-a'markup 'to the regional hub price of core market natural gas supplies. - The markups for electric generators are
endogenously derived based on historical end-use prices and are modified over the forecast period as a function of

user-specified parameters. The base markup to electric generators' (excluding the intraregional interstate markup) .

is the average of the 1992 and 1993 markup to gas steam and gas.combined-cycle-units. This markup is derived
as the difference between the NGTDM regional hub price for core natural gas supplies (minus the'intraregional

interstate tariff) and an hlstoncally based regional electric generators’ price for gas steam units and gas combined-’

-cycle units; During the ‘forecast périod, the -base markup is linearly reduced so that, by 1999, the markup is ‘50
“percent of the average of the base value and a minimom markup. (The minimum markup from the regional hub to
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the power plant is $0.04 (1993 dollars per thousand cubic feet)). The reduction is to capture the threat of bypass,
which creates a downward trend in the markups. Beyond 1999, the markup is held constant.

End-use pnces for industrial noncore customers are computed by adding a markup to the natural gas supply price
" for the noncore service customers at the regional market hub. These regional markups (Equation 47) are
endogenously derived as the difference between estimated historical 1993 end-use prices (Table E8) and the NGTDM
regional noncore hub price (passed by the Annual Flow Module solution matnx) The industrial noncore markups
are held constant throughout the forecast penod ’

For electnc peneration noncore customers, natural -gas is pnced competitively wrth the associated altemative fuel oil
(residual or, distillate fuel oil) and is marketed to dual-fired electric generating units (units that burn gas or residual
- fuel oil) or gas turbines and dual-fired turbines (units that burn gas or distillate fuel oil). In this sector, two types
of markups are derived: (1) compeuuve-wrth-resrdua] fuel oil markup (Equation 48), which is. based on the value
- of service to the sector as determined by the competing residual fuel oil price, and (2) competitive-with distillate fuel
- oil markup, which is based on the value of service to the sector as determined by the alternative distillate fuel oil
price.- Both markups are determined -as the difference between the product of a-discount factor (Table F23)

. muluphed by the price of the alternative fuel oil to electric generators in the region and the noncore natural gas price .
at the regional hub: These markups are constrained by maximum and minimum . values: For .competitive-with- .

distillate fuel Gil service, the maximum value is the electric generator core sector markup minus a user specified
. discount.. The minimum value is the greater of erther the compenuve~wrth-resrdual “fuel orl markup or a user-
y specrﬁed mtmmum threshold markup ' :
For compressed natural gas used as a vehicle fuel (VNG), there are two pricing methodologtes (developed in the
DTM) available for deriving end-use prices. The first methodology, the historical markup method, uses a markup
' (Equation 41) derived - from historical prices (Table E8). The second methodology, the full cost price method,
" dévelops a markup (Equdtion 42) for VNG using an algorithm that takes into account cost components of supplying -
and dispensing VNG (Table F27), Federal and State taxes (Table F27), and the price of motor gasoline to commercial
- customers. To assure the competitiveness 6f VNG relative to motor gasoline, the full cost markup is checked against
a maximum markup which would result in a VNG price equal to the commercial motor gasoline price times an
assumed discount factor (Table F27). The DTM transitions from the historical markup to the full cost markup in
_a user specified forecast year. This- transition- is intended to capture the evolution in the market from ~

- government/industry sponsored demonstration programs to large scale commercial use. In the version of the
+ NGTDM used for the AEO95, a linear phase in from the first to the second method begins in 1994 and continues

through 2005, after which the VNG pricé is assumed to reflect fully all components of the retail price.
. - " . ‘A . R ) . N . . ) -

~

Pipeline Tariffs and Regulation

In the computatxon of natural gas pipeline transportatron and storage rates, the Pipeline Tariff Module.uses a set of
data assurhptions based on hrstonwl data or expert Judgment "These mclude the following: .

-e - Factors (Table Fl3) to allocate each.company’s hne item costs mto the ﬁxed and variable cost
_components of the reservation and usage fees (Equations 97 to 100)

. Capacrty reservauon shares (Table F14, assumed constant throughout the forecast) used to allocate :
costs to portrons of the physrcal pipeline system .

. Share of a pxpelme company’s storage capacity located in a region (Table F18), used to a]locate
’ fixed and variable costs to network nodes (Equauons 103, 104)

. Load factor and maximum allowable annual escalation rate for tariffs (Table F35) and FERC Order

636 transition cost pararheters (Table F24) needed for the derivation of pipeline tariffs for firm and
. interruptible transportation services (Equations 120 and 127) and storage tarifis (Equauon 130)
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.« Capacity expansion cost parameters (Table F16) and pipe mileage (Table F17) used o derive total .

capital costs to expand pipeline capacity (Equation 133) and storage capacity (Equation 136),
respectwely

" All interstate pipeline companiés are assumed to have completed the switch from modified fixed variable (MFV) to
straight fixed variable (SFV) rate.design by January 1994 to comply with Federal Energy Regulatory Commission
Order 636 rate design'changes. Approved transition- costs. are assumed to be consistent with FERC’s revised cost
estimate as published by the General Accounting Office in "Natural Gas: Costs, Benefits, and Concerns Related to
FERC Order 636, Final Report,” November 1993 (Table F24). It is assumed that the Gas Supply Realignment costs
are recovered over a 5-year period beginning in 1994. Furthermore, it is assumed that 90 percent of these costs are
assigned to firm transportation markets and 10 percent are assigned to interruptible markets as stipulated in Order

. 636. Purchase Gas Adjustment Account Balance (Account 191) costs are assumed to be collecled over a 2-year
penod, also begmnmg in 1994, These costs wrll be paid only by core customers.

Wrth full nnplementauon of PERC Order 636-and the mcreasmg array of. unbundled services bemg offered by
pipelines, it is assumed that segmentanon ‘of the natural gas market will continue and -ultimately lead to prices .
Teflecting the marginal costs of providing service to diverse groups of end users. The methodology employed i in

*solvmg for the market equilibrium .within' the natural gas market assumes that marginal costs are the basis for
determining market clearing prices throughout the forecast period. The NGTDM uses the market cleanng prices in
developmg the supply and end-use prices paid by noncore customers. The weighted average cost of gas is used in
denvmg the cost of natural gas supphes delivered to core market customers .

N Plpaline Capacity and Utilization ‘, S i

¢

The Annual Flow Module lmear program formulauon has been developed to minimize a supply and uansponauon .

cost objective function (Equation 23) subject to the following constraints: capacity utilization constraints (Equations
- 24-25), mass balance constraints (Equations 26-29), and bounds on model flow variables (Equations 31-35). The
capacity utilization constraints for the firm market and total miarket along each interregional arc set the limits on the
flows for the firm. market and-total market, respectively. “These utilization levels represent the maximum fraction
of the physical capacity on the pipeline that is expected to be used on an annual basis. A small _portion (Table F41)
. of this capacity is assumed to be teserved in the event of severe weather. The minimum bounds on flows along

-transshipment arcs in the firm and interruptible networks (Equations 31-35) are set as percentages (Table F32) of

- flows in the previous forecast year. In the first forécast year, minimum flows are set as a percentage of historically
derived flows for 1990 (Table F20). These minimum flows help to generate some continuity in flows patterns from
' year to year. The.model methodology assumes that prpelme and’ storage capacities are avaﬂable 2 years from the
decrsmn to add new capacrty .

- .
i .

- In the CEM it is assumed that prpelmes and loml dlstnbuuon compames burld and subscnbe to a-portfolio of .

"pipeline and storage capacity to serve a ‘colder-than-niormal winter .consumption levels. This is represented by

"~ building 5 to 15 ‘percent more pipeline capacity than is necessary to support normal winter loads (with lower :

percentages on arcs supplying areas with warmer winters), Within the CEM,;-consumption is represented for peak
and off-peak penods based on hrstoncally based sectoral’ sphts, held constant throughom the forecast period.

The model only represems natural gas that is mjected into storage in the off-peak period to be wnhdrawn during the

peak period. Annual net storage withdrawals equal zero in all years.of the forecast. *The Capacity Expansion -

Module is constrained by an assumed ‘maximum level of mcrememal storage capacity that can be bullt in each
NG'I'DM region (Tahle P26) o .

Several data assumpuons are embedded in the mathemaucal specification of the linear program in the Capacrty :

- Expansion Module. The minimum constraints on the arcs from each supply point during both the peak and off peak
) periods (Table F30) ensure that the production rates in a period do not exceed a plausible level. The formulation

ensures that pipeline. capacity is built primarily to satisfy firm peak demand. . Exogenously- specified seasonal, -

maxrmum pxpehne uuhzauon rates ('I‘able F34) are used to capture the variation in load patterns within a penod

-
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The storage expansxon and flow are bounded above by the maximum storage levels determined from the assumed
storage uuhzauon rates (Table -F31).

The Capacity Expansion Module prov1des the Annual Flow Module and Plpelme Tariff Module with a forecast of.
" working gas storage capacity, physical pipeline capacity, and maximum annual pipeline capacity utilization rates.

The total available pipeline capacity in a given forecast year is calculated as last year’s value plus planned expansions
(Table F42) and any additional expansion determined to be required within the model. Assumed maximum seasonal
utilization rates (Table F34) are used together with peak and off-peak flows within firm and interruptible markets
to calculate the firm and total annual pipeline capacity utilization rates in the Capacity Expansion Module. The
~existing regtonal working gas capacity [including planned storage expansions (Table F33)] is added to the determined
level of stoxage expansion to obtain the reglonal working gas storage capacity level. : .

N

- Supply A

o : Thc supply curves for domestic dry gas production (Equauon 12) mcorpoxate assumed values of short-term price
elas(ictty of supply (Table F37) depending on the selected functional form. In addition, these supply curves are

-limited by minimum and maximum levels, calculated as a factor (Table F11) times the reserves times the expected
producuon-to-reserves ratio. . .

lmports from Mexxco and Canada at each border crossing pomt are represented as follows (1) Mexican- 1mports are
assumed constant and provided by the Oil and Gas Supply Model; (2) Canadian imports are largely determined from )

" Canadian pipeline capacities (provided by the Oil and Gas Supply Model) and exogenously defined maximum .

- seasonal utilizations (Table F34). Total gas imports from Canada (Equation 4) exclude the amount of gas that travels

* into the United States-and then back mto Canada (Table F9) Liquefied natural gas imports are prov:ded by the Oil
and Gas Supply Model.’ )

/ Assocxated-dtssolved gas producuon is calculated for each OGSM reglon (Equation 7), as pnmanly a funcuon of
the level of crude oil production provided by the Petroleun Market Mode! and an historical average ratio of
associated-dissolved gas-to-oil production (Table F49). The calculated levels are held constant (i.e., are not a

"+ function of the natural gas price in the current forecast year) in both the Annual Flow Module and the Capacity

Expansmn Module. Usmg assumed shares of the related OGSM region’s associated-dissolved gas production within

an NGTDM/OGSM ‘region (Table -F5), these regional _gas production levels are disaggregated into the

NGTDM/OGSM 'regions. Synthetic production of natural gas from coal (provided by the Coal Market Model) is .".

also represented as a constant supply within the Annual Flow Module and the ‘Capacity Expansion Module.
However, synthetic_ gas production from liquid hydrocarbons in Ilinois (Equation 2), which is defined within

. exogenously specified minimum and maximum production levels (Table F1), is represented as a function (Table G3)
of the. firm service market natural gas price in the East North' Central Census Division. Syntheuc gas production
from hqutd hydrocarbons.in Hawaii is held constant throughout the forecast penod at an assumed average historical
producuon level (Table F1). Finally, other supplemental supplies (Table F12) are held constant throughout the
forecast in the Annual Flow Module and- the Capacny Expansxon Module.

The supply rcpresentauon in the Capaclty Expansion Module employs a number of parameters (Table F30) to spht -
the annual production designated as” constant into peak and off -peak levels and to develop bounds on the seasonal
levels of production designated as price respons:ve

Model Inputs

* The NGTDM is a comprehensxve framework which simulates the United States’ natural gas transmission and
distribution industry as regulated by the Federal Energy Regulatory Commission for the pipeline transportation
services across States (at the interstate level) and by State Public Utility Commissions' for the local distribution
services within States (at the intrastate level). The natural gas pipeline network (including storage) ties the suppliers
. tothe end-users of natural gas, and captures the interactions among these institutions that ultimately determine market

" clearing prices and quantities consumed in the United States’ natural gas market. The NGTDM inputs are grouped -

t ', E1AModel Documentation: Natural Gas Transml.:slon and Dls.trlbu.tlon Mode! Volume | '9-5
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into six categories: supply inputs, pipeline financial and regulatory inputs, pipeline capacity and utilization mputs, .

storage inputs, end-use pricing inputs, and demand inputs. Short input data descriptions and cross-references to
Appendix tables that provide more detail on the sources and transformation of the input data are provrde_d below.

Suppiy'lnpUts '

Supply curve parameters (Tables E2, E9, E10, El1, EIZ El3 F12, F37, F44, F49 and G3)‘°
Historical production levels for supplemental natural gas supplies (Table ED
Historical import levels and prices (Tables E3, E14, E15, and F9) :
. Alaskan Natural Gas Transportation System parameters (Table F7)
_ - Regional supply shares for associated-dissolved gas and supplemental supphes (Tables F5, F12)
-~ Minimum and maximum- productton-to-reeerves ratios (Table F11) :
.. Seasonal supply shares (Table F30) .
". . Seasonal wellhead price differentials (Table F43) -
‘ Maxnnlnn and mxmmum syntheuc natural gas productron and htstoncal data (Tables E16, Fl and GS)

! s

Plpeline Financial and Regulatory lnputs
. Rate design specrﬁcanon (Table F13) R i
Prpelme rate base, cost,-and volume parameters (Tables E4, ES and F15)
.Revenue requirement forecasting equation parameters (Table G4)
Order 636 transition cost parameters (Table F24) /
"Rate of return set for generic pipeline companies (F46)°
Federal and State income tax rates (F47) '
’ Parameters for interstate pipeline transportation rates (Tables F35 and F45)
Plpeline Capaclty and Utllization Inputs -
Seasonal transmission service utilization rates and minimum-flows (Tables F32 F34, and F38)
' Existing pipeline capacity and planned capacrty addmons (Tables E6,and F42)
* Costs of new construction (Table F16)
‘Pipeline-fuel usage parameters (Tables E7, F19, and F39)
Fattors related to planning for abnormal weather (Tables F40 and’ F41)
+"Distance and capacity commitments by network arc (Table Fl7)
.. .Emissions factors (Tables F25) - A ;
o Company vohnne shares by arc (Table Fl4) ) T B T

storage lnputs _ ;
T Exxstmg storage capacxty and planned addmons (T able F33)
Seasonal utilization parameters (Table F31) -
Share of company storage capacity by region, (Table F18)
Costs of storage additions (Table F16)
Maximum storage capacrty potenual by reg:on (Table F26)

2z

'°Iable whose numbermg begms with the letters E, F and G can be found in the Appendrees E F, and G. respecuvely
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End-Use Pricing Inputs

Discount factors for pricing natural gas to noncore electric generation customers (Tables F23 and F29)
State and Federal taxes, costs to dispense, and other compressed natural gas pricing parameters (Table F27)
Distributor markups for core nonelectric sector customers (Table F21)

Historical end-use prices (Tables E8 and E17)

Demand lnputs

Subregion gas consumptton shares for Census D1v1slons 58 and 9 (Table F6)
Seasonal.consumption shares (Tables F3 and F4) )

Historical export quantities and prices (Table E15) _

Alaskan supply and demand parameters (Tables E18, F7, F8, F10, and G1)
Lease and plant fuel consumption parameters (Tables E7 and F2)

S_hort-t__exm demand elasticities (Table F36)

" " ' Model Outputs L _j

, Once a'set of soluuon valués are determmed thhm the NGTDM, those values requued by other models of NEMS
are passed .accordingly. -In addition, the NGTDM model results are presented in a series of internal and extemal'
reports as outhned below.

e Outputs to NEMS Models

The NGTDM passes its model soluuon values to dtffexent NEMS models as follows

-8
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!

Pxpelme fuel consumpuon and lease and plant fuel consumthon by Census Dmsxon (to NEMS -
PROPER) :

-

Natural gas wellhead prices by Oil and Gas Supply Model regxon (to NEMS REPORTS)

) Core and noneore natural gas pnces by séctor and Census vaxsxon (to NEMS PROPER)-

" Dry natural gas producuon and supplemental gas supphes by 011 and Gas Supply Model regxon (NEMS-
' REPORTS)

Core’ and noncore (compeuuve thh distillate and ‘residual fuel oil) natural gas prices to-electric

. generators by NGTDM/Electncny Market Model region (to Electnclty Market Model) -~

- Dry natural gas productton by Petroleum Admnustrauon for Defense DlStI‘lCtS region (to Petroleum -
.Market Model) . .

Nonassociated dry natural gas productton by NGTDM/O:I and Gas Supply Model region (to Oil and
Gas Supp]y Model) .

: Canadtan natural gas wellhead pnce and producuon (to Oil and Gas Supply Model)

' Natral gas 1mports and prices by border crossmo (to 011 and Gas Supply Model)

Synthetic natural gas from coal supply pnce by NGTDM/Oil and Gas Supply Model regxon (to Coa]

-Market Mode])

ElA/Model Doeqmentat{ont Natural Gas Transmission and Distribution Model Volume | . 97
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* ' Capital expenditures for pipeline and storage,expansion-(Macro-EcEmomic Model).

- Internal -ReportS*

The NGTDM produces reports des1gned to assist in the detailed analysrs ‘of gas market results. These reports mclude '
the following information: . ,

e Average ‘natural' gas wellhead price by NGTDl\fl region l
.« Natural gas hub price at each uansshipment node, by type of service
' * - Nawral gas dtstnbutor marknps by cnd-use sector, type of servxce, and NGTDM regron .
. Matnees of data descnbmg interregional transuussxon between NGTDM regions

i - "Plows of natural gas bytypeofservrce
: - = Maximum physical pipeline capacity .
: - Maximum annual pipeline capacity utilization
‘- 'Realrzed annual pipeline capacrty uttltzatxon
. Peak penod and off-; peak period expected natural gas consumpuon levels by regron and sector used i m
the Capacrty Expansron Module

e Expected natm'al gas supply volumes as nnphed in the Capacrty Expansron Module results, by Oil and
Gas Supply Model regton.

1

. . -Prpelme capactty expansxon by arc.

e AStorage‘wpacntyexpansronbyregton. T,

‘ l’.'xtemal Reports

In addmon to the reports descnbed above, the NGTDM produces external reports o support fecurring pubhmuons
These: reports contain the followmg mfonnauon o ..

*32';‘ Natural gas end-use prices and consmnpuon levels by end-use sector,” type of service (core and
~nonoore), and Census Division (and for the Umted States) ,

.. _ Natural gas wellhead pnces and productmn levels by NG’I'DM regron (and the average for the lower. |

© .48 United States) RO _ I |

+  Natural gas end-use pnces, margins, and revemiés
. Natnral gas rmport and export volumes and 1mport prtces.
e Natural -gas supply activity and prices, by NGTDM regron |
o . Prpelme fuel consumptton by NG'IDM re°ton (and for the Umted States)

. Ermssxons of mrbon droxrde, carbon monoxxde, carbon, ‘and methane emrtted from the combustron of
’ 5 matural gas at prpeltne compressor statlons by NGTDM region (and for the United States)

. o _
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-

Natural gas pipeline capacity (entering and exiﬁng a region) by"NGTDM region and by Census
Division ’ )

Natural gas pipeline mpaciiy utilization (entering and exiting a region) by NGTDM region and Census
Division - )

Natural gas transplission and distribution revenues, activity levels, and unit costs
Natural gas underground storage and bipeline capacity by NGTDM region

Unaccounted for natural gas®

“

*'Unaccounted for natural gas is a balancing item between the amount of natural gas consuméd and the amount supplied.

-~
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- NGTDM Model Abstract

. Model Nanie;:
Acroﬁym:
Title:

Purpose:

Status:
Use:

" Sponsor:

. Documentation:

Previous Docuinentation:'

‘Reviews Conducted:

Natural Gas Transinission and Distribution Model
NGTDM
Natural Gas Transmission and Distribution Moc‘iel\

The NGTDM is the component. of the National Energy Modeling System

(NEMS) that represents the mid-term natural gas market. The purpose of the
" NGTDM is to derive natural gas supply and end-use prices and flow patterns for

movements of natural gas through. the regional interstate network. The prices
and flow patterns are derived by obiaining a market equilibrium across the three
main components of the natural gas market: the supply component, the demand

" - component, and the transmission and distribution network that links them.

ACTIVE - - e

BASIC o
*  Office: Integrated Analysis and Fofewsﬁng
e -Division: Energy Supply and Conversion
-+ Branch: Oil and Gas Analysis, EI-823 ..
~»  Model Contact: Jim Diemer
LI Telephong: (202) 586-6126

 Energy Information Administration, Model Documentation of the Natural Gas
Transmission and Distribution Model (NGTDM) of the National Energy '

Modeling System (NE.MS),rDOE]EIA-MO62 (Washington, DC, December 1993).

‘None ) 5,

- Paul R. Carpenter, PhD, Incentives Research, Inc,, "Review of the

- Component Design Report Natural Gas Annual Flow Module (AFM) for

" . - the Natural Gas Transmission and Distribution Model (NGTDM) of the
National Energy Modeling System (NEMS),” Boston, MA, August 25,
1992 . '

e Paul R. Carpenter, PhD, Incentives Research, Inc., "Review of the
Component.Design Report Capacity Expansion Module (CEM) Jor the

-Natural Gas Transmission and Distribution Model (NGTDM) of the

.- National Energy Modeling System (NEMS)," Boston, MA, April 30,

S 1993 .

e Paul'R Carpenter; PhD, Incentives Research, 'Inc., "Review of the

Component Design Report Pipeline: Tariff Module (PTM) Jor the -

Natural Gas Transmission and Distribution Model (NGTDM) of the
National Energy Modeling System (NEMS),” Boston, MA, April 30,
1993 C - )




" Archive Tapes:

NEMSQ4—(Part of the National Energy Modelmg System archive package as -
.archived for the Annual Energy Outlook 1994, DOE/EIA-0383(94)).

<

Paul R. Carpenter, PhD, Incentives Research, Inc., "Review of the

Component Design Report Distributor Tariff Module (DTM) for the *

Natural Gas Transmission and Distribution Model (NGTDM) of the
‘National Energy Modeling System (NEMS)," Boston, MA, Aprtl 30,
1993

‘Paul R: Carpenter, PbD, Incentives Research, Inc., "Final Review of the

National Energy Modeling System (NEMS) Natural Gas Transmission
and sttnbutron Model (NG'I'DM), Boston, MA, January 4, 1995,

" NEMS95—(Part of thé National Energy Modeling System archive package as

" -flllnergy System Covered:

L A2

Data Input Source;;: .
-, (Non-DOE) .

h

g Product(s) Nannal gas .

. generators and tmnsportauon ,

- “archived for the Annual Energy Outlook 1995, DOE/EIA~0383(95)).

- The NGTDM models the U.S. natural gas transmission and distribution network

- ‘that links the suppliers (including importers) and consumers of natural gas, and
' in so doing determines the -regional market clearmg natural gas end-use and
supply (mcludlng border) prices.

Geographrc Demand reglons are the 12 NGTDM regions, which are

" based on the 9 Cerisus Divisions with Census Division 5 split further

into South Atlantic and Florida, Census Drvrs:on 8 split further into

. Mountain andAnzona/New Mexico, and Census Division 9 split further

-into California a_nd Pacific thh Alaska and Hawaii handled

K -mdependently

C Tune Umt/Frequency Annually through 2010

y T

'Econonuc Sector(s) Resxdenual, commermal mdustrial,_ electric

. Nauonal OOeanographrc and Atmosphenc Adnumsuauon (NOAA)
T Heaung degree data .

The Parennal [ for Natural Gas i in the United States (Natlonal Petrolemn
. Council, December, 1992) .
. — Pxpelme capactty expansion cost estimates .

t. Gas Facts (Amencan Gas Association)

— Hrstonwl mdustnal firm and mtenuptlble gas prices

- Federal Offshore Stausucs 1990 ocs Repoxt, MMSQI/0068

— Offshore gas production and market values

: Canadtan Petroleum Association Statistical Smnmary

— -Canadian natural gas wellhead price‘and production

: Alaska Deparunent of Natural Resources

_ State of Alaska historical and projected oil and gas consumpuon

Informauon Resources, Inc., "Octane Week"

flAIModel_Docurhentaﬁon:__ Natural Gas Tmnemlaelen and Distribution Model Volume | ' I
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— State vehicle natural gas (VNG) taxes

Data Input Sources: Forms and Publications:

(DOE)

EIA-23, "Annual Survey of Domestic Oil and Gas Reserves”

- — Annual estimate of gas reserves by type and State

EIA-176, "Annual Report of Natural and Supplemental Gas Supply and

Disposition”

- Annual natural gas sources of supply, consumpuon, and ﬂows on
the interstate pipeline network

EIA-860, "Amnual Electric Generator Report”
— Electric generators plant type and code information, used in the
classification of power plants as core or noncore customers. Data
- from this report are also used in the derivation of historical.prices
" and markups for firm/interruptible service.- -

EIA-767, "‘Steam-Electric Plant' Operation and Design Report” ..

~— Electric generators plant type and boiler information, by month,
used in the classification of power plants as core or noncore
customers. ‘Data from this report are also used in the derivation of
mstonml pnces and markups for ﬁnnfmterrupuble servxce '

'EIA-759, "Monthly Power Plam Report™

~— Natural gas consumpnon by plant code and month, used in the
classification of power plants as core or noncore customers. Data - -
ﬁ'omthzsreportarealsousedmthedmvauonofhxswncalpnces
and markups for ﬁrmlmtetrupuble semce

Rate case filings under Secnon 4 of the Natural Gas Policy Act, as

" -submitted to FERC by each pipeline company

- — Contract demand data and cost allocauon by pxpelme company

" Anuual Energy Review, DOE/EIA-0384

— Gross domestic product and nnphcn price deﬂator

s g

FERC Form 2, *Annual Report of Major Natural Gas Companies”™

— Financial statistics of major interstate. natural gas pipelines

' * — Anhupal pnrchases/sales by pipeline (volume and pnce)

. -~ -Pipeline capacity and flow information -

¢

EIAMQdél'Dowmghtéﬁon:

FERC-567. -,"Annual Flow D;agxam

‘- Féderal Energy Regulatory Commission (FERC)

< "FERC Order-636 transition costs.

EIA-191 "Undergronnd Gas Storage Report

" — Base gas and working gas storage capacity and monthly storage:

mjecnon and withdrawal levels by region-and pxpelme company
EIA-846 "Manufacumng Energy Consumption Survey”

— Base year average annual .core mdustnal markups for local
T transponauon semce . . TN .

Natural Gas Transrilssion and Distribution Model Volume |~ A3




‘ . Capaczt) and Serwce on the Interstate Natural Gas Pipeline System _
. ’ 1990, DOE/EIA-0556
‘ ; — Pipeline capacity and capacity reservations by customer,

¢ - Natural Gas Monthly, DOE/EIA-OBO ‘
"— Base year historical quantity and price data

Models and other:
«  National Energy Modeling System (NEMS) S
, — Domestic supply, imports, and demand representations are provrded
T . . asinputs o the NGTDM from other NEMS modules .

' Interstate Natural Gas Pipeline Data System (PIPENEI‘)

- — " Inter-regional pipeline capacity ‘
T Coqlract demand-data.
General Orltl')ut- . .
-. Descriptions: . o Average natmal gas end-use pnces "and consumptlons levels by sector .
e - andregion ' ‘

T e Average namral gas supply pnces and producuon levels by regron

. Compressor stanon emrssrons of C, OO CO,, CH. and VOC reporled
: as mrbon by regron ]

e 'Prpehne fuel oonsmnpnoirby' regwn
*‘i’i-peline capacnty additions and itlization leve1§ by region
.‘.‘-~- ‘,'_ Capital mvestment in prpelme construcnon -
RelatedMode]s.‘NEMS(panot) o T
" Partof Another Model Yes, the Nauonal Energy Modelmg System (NEMS)

Model Features: .. e kModel Structure - Modular; consrstmg of four major components: the

Y : -Annual Flow Module '(AFM), the Capacity Expansion Module (CEM),

~ the Pipeline Tariff Module (PTM) and the Distributor Tariff Module
A (D’IM) - .

PR, AFM Integrating module of the NGTDM Simulates the natural
. R ~ gas price determination precess by bringing together all |
.-t . major economic and technological factors that influence

e T regronal natural gas trade in the United States.

e CEM" Develops plpellne and storage facrlmes capacity and

- . capacity expansion plans, and establishes effective
maximum utilization rates for each pipeline route based on-
a seasonal analysis of supply and demand capability

— PIM’ Develops firm/interruptible tariffs for transportation -and
N : .. storage services provided by interstate pipeline companies

.EIAIMo‘d'eI‘Ddeumentatlon: Natural Gas Transmission artd Distribution Mode! Volume |
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" Computing o
- Environment: -

!

D e T e aal Lot T o irn T ancn R £ 08 2 (Lt~ S atrt s it P r Tt P TS T e e

Model Interfaces:

-Storage Requiremem 19 Tracks for mput data storage; 37 tracks for code

— DTM Develops markups for distribution services provided by- ,
"~ LDC’s and intrastate pipeline companies.

s Modeling Techr'liquet
— AFM Linear’program
— CEM ‘Linear _program
_—' PTM Acoountmg algonthm

— DIM Empmml process based on hlstonml data and competmg
fuel prices.

o SpecialFeamres: S e
-— Represents mterregxonal ﬂows of gas and pxpelme capaclty
constraints '

—_ Rep’resents-regional’sl.ipplies.
— Represents dlfferent typec of transmlssmn servxce (ﬁnn and
mterruptible)

'. — Calculates emtssxons assocxated w1th p:pelme fuel use

— Determmes the' amount and the locauon of pxpelme and storage
fac1hty capac:ty expansxon on a regional ‘basis

— Captures the economic tradeoffs between p:pelme capacity additions
and increases in regional storage capability

— Provides ap&k/off-pwk, 'or seasonal analysis wpablhty in the anea
of wpacny expans:on

’

C— Quantlﬁes capttal investment in capacity, expansxon

— sttmgmshes end-use customers by type (core and noncore)

. i

-

\' ﬁardware Used: IBM 3090 - .

Operatmg System MVS

. Language/Software Used: FORTRAN Ver.2.05 - S

‘Memory Reqmrement 8328K

storage, and 51 tracks for compxled code storage

Esnmated Run Ttme. 44 CRU mmutes

;-
N
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-* Date-of Last Updgte:_ November 1994,

. Special Features: NGTDM uses a proprietary softwa:e package, Optimization _
and Modeling Library (OML) distributed by the Ketron Management Science

Division of the Bionetics Corporation. - This is a specially designed lmear
programming interface that is callable from FORTRAN.

Status of -

Evaluatmn Eﬂ'orts. Model developer’s report entitled "Natural Gas Transmission and Distribution
Model, Model Developer’s Report for the National Energy Madeling System",
’dated November 14 1994. ‘

-

! . '
B . i
I
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NEMS Model Documentation Reports .
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NEMS Modeerocumentation Reports :

- The Nauonal Energy Modeling System is documented in a series of 15 model documemauon reports, available early
in 1994 by contacung the Nauonal Energy Information Center, 202/586-8800.

Energy Information Admlmstrauon, National Energy Modeling System Integrating Module Documentation Repon, ,

DOE/EIA-MO057 (Washington, DC, December 1993)

Energy Information Administration, Model Documentanon Report MacroeeonomtcActmty Module of the Natzonal '

Energy Modelmg System, forthcommg
Energy Infonnauon Admnnstrauon, Documentatzon of the D.R.I, Model of the U.S. Economy, fonhcommg

Energy Information Admxmstrahon, Nanonal Energy Modelzng System Inrematzonal Energy Model Documentatwn
' Repoﬂ, forthcommg , ) ;

Energy Information Admmlstrauon, WorId 011 Reﬁnzng, Logzsncs, and Demand_ Model Documentation Report,
fonhcommg ’ . . T -

Energy Information Admuustrauon, Model Doeumenratwn Report: Residential Sector Demand Module of the

National Energy Modelmg System, for(hcommg

Energy Information Admsztrauon, Model Documentation Report: Commercial Sector‘Demon‘d‘Mo‘tiuIe of the

Nauonal Energy Madelmg System, fonhcommg

: Energy Informauon Admmnstratlon, Model Documentauon Repon:.\ Industriqi Sector Demand Module of the National

Energy Modelmg System, forthcommg S . . ’ . : : N

\

Energy Information Admm1strauon, Model Documentanon Report' Tran,sporratr'on. Seqor Demand Module of the
:Nattonal Energy Modehng System, fonhcommg - ‘ .- ~ e

Energy Information Admxmsttahon, Documenmtzon of the Electnczty Market Module, forthcommg
Energy Informauon Admlmstrcmon, Documentanon of the Oil and Gas Supply Module, forthoommg

' Energy Infonnatlon Admm1strauon, EIA Model Documentanon Petroleum Market Module of the Natzonal Energy
K Modehng System, forthcommg Sy . : .

'Energy lnformauon Admxmstxauon, Model Doeumentanon Coal Market Module, forthcommg

Energy Informatlon Admlmstrauon, Model Doeumentanon Report:. Renewable Fuels Module forthcommg
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'Alt'ernative Modeling Approaches o

* During the design phase of the NGTDM, a survey was conducted of models and modeling approaches being used
throughout the industry to analyze and forecast natural gas transmission and distribution activities. These approaches,
along with other general modeling approaches, were considered as possible candidates for the NGTDM design. This
appendix provides an overview of the methods and modeling techniques considered. First, the modeling techniques
employed in several different natural gas transmission and distribution models are reviewed. Second,-modeling

"approaches used in models not specifically designed for natural gas transmission and’ distribution, but which could
be applied to this area, are discussed. Finally, conclusions based on the research and comparisons between other
models, and the methodology selected for the NGTDM are presented. o

Other Natural Gas Transmission and bistribqtion Models

. The’-paniral gas transmission and distribution _industry. is a segment of the "complex natural gas
-production/delivery/demand system, and therefore is usually modeled as part of a larger, overall modeling system.
Because the market structure of the transmission and distribution industry is rapidly evolving, most representations
developed in the past are no longer adequate. - Several of the models reviewed have detailed supply and démmlq

representations, with fairly simple mechanisms for linking the two. Others have incorporated mechanisms for dealing -

with ‘such issues as capacity ‘expansion and the unbundling of transportation services, but none offers a
- comprehensive modeling treatment of the transinission and distribution industry as-a whole. Additionally, none of -

the models reviewed addresses the issue of the environmental impacts associated with the transmission -and

: disu'ib_iltion of natural gas. It was ultimately.decided that there were no models in existence that could be used either -

intact or asa base-to begin with and modify for the development of the NGTDM. Although it would have been very
difficult to develop a model that addresses all of the regulatory issues and complexities of the industry, the design
of the NGTDM considered desirable features of all the modeling approaches reviewed, and the resuitant model
provides a more comprehensive analysis tool than any other models available. This section provides an overview
of the other natural gas models that were considered. _ , ’ ‘ , . .

-~ =

*Gas Analysis Modeling System, (G_AMS)”\

EIA’s previous model of the natural gas market is the Gas Analysis Modeling System (GAMS), a computer-based
partial equilibrium model used to analyze the U.S. natural gas production/delivery/demand system. GAMS produces: . :
annual forecasts through 2010 of natural gas production, consumption, and prices. GAMS interacts with a separate *
.supply component which represents. the various available sources of natural gas supplies and separate demand
components that represent natural gas consumption-by end-use sector and Federal region. GAMS consists of a
mechanism for representing the costs and losses associated with the transmission and distribution of natural gas and
an jterative equilibration process that solves the entire system to determine the wellhead and end-use prices at which
an overall supply/démand balance can be achieved. Although the model ‘can be run in a stand-alone mode, it is
primarily used as the natural gas module within the Intermediate Future Forecasting System (IFFS),* a modeling.
system representing the supply and demand response within all the primary U.S. energy markets. The GAMS,
" demand representation is provided through IFFS by the Demand Modeling System (DEMS), for the non- electric
generators demand sectors, and by the Electricity Market Model (EMM) for the electric generators sector. The
representation of onshore Lower-48 natural gas production is-provided through direct linkage with the Production

®For comblete documentation of GAMS, see Enéréy Information Administration, Documentation of the GasAnaIysis Modeling
System, DOE/EIA-M044(92) (Washington, DC, December 1991). . . ) . . .
®For more information on IFFS, see Energy Information Administration. Documentation of the Integrating Module of the

" Intermediate Future Forecasting System, DOE/EIA-M023(91) (Washington, DC, May 1991).
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of Onshore Lower-48 Oil and Gas Model (PROLOG) ¥ Supply estimates for other sources of gas are elther set
exogenously or detemuned endogenously via additional supply submodules

GAMS was developed in 1982 and 1983 when the complex system of price cexhngs in effect under the Natural Gas
- Policy Act (NGPA) of 1978 covered both interstate and intrastate wellhead purchases of natural gas. The
- categorization of gas under the NGPA and the contractual nature of the natural gas market that existed at the time
were primary factors in the early structure of the model. The laws and regulations concerning the natural gas market
have changed rapidly in support of deregulation and increased competitiveness (for a detailed discussion on industry
background, see Appendix C). .The GAMS model has subsequently undergone a number of methodological changes,
to represent the active spot market, the deregulauon of wellhead gas prices, and the increase in competmve pressures
. throughout the mdustry

In the original version of GAMS -a detailed plpelme network consmtmg of 17 pipeline- systems was used to reooncxle
supply and demand in the market equilibration process. “This network represented sales of gas from the wellhead,
* through pipelines, to distributors, and to-end-users. Physical movement of gas through the system was not tracked,
and pipeline capacities were not accounted for. 'Reserves were dedicated to’ the individual pipeline systems and
. ‘drawn down, as produced, throngh an'elaborate accounting mechanism that tracked gas by NGPA category and .
contract terms and conditions. The sales structure allowed for. analysis of alternative wellhead contract pricing
.schemes and their effect on the natural gas market. ‘In order to represent both the increased spot market activity and
the growing competition within the marketplace, GAMS was subsequently modified to include a pool of spot or
decontrolled gas available to-all .pipelines. Reserves were no longer treated -as dedicated to individual pipelines.

GAMS was also revised to reflect changes-in producer contracts, with contmcts n'eated as respondent to-market
condmons and new contracts excludmg take—or-pay"s restncuons

As a result of mcneased competmon and the mbtmdhng of pipeline sales and transporiation services; the cost-of-
service representation of bundled rates originally used to represent tariffs within GAMS was no longer representative
- of the market.” The tanff component in GAMS was replaced with a simple mechanism that calculates end-use prices
by addmg exogenously determined regional transmission-and end-use distribution costs (which are fixed throughout
- the forecast) to the national average wellhead price.. Competition was represented by allowing these costs to be
discounted in the industrial and electric generators sectors. “As pricing distinctions responsive to market conditions
‘between- different levels of transmission and distribution service developed, the different levels of service were
repxesented by expanding the level of electric generators ‘sector detail. The electricity maiket module (EMM)
provides'demand curves to GAMS in the form of step functions defined by asetof pnce/qumnny pairs. The steps
- on the curves simulate the effect of large-scale fuel switching and changes in the plant dispatching order by eléctric
utilities. Tomodel the pnce variation associated with different levels of service, these demand curves were redefined
to represent three categories of electric  generator plant types as follows: - (1) core customers assumed to purchase:
firm service and pay the highest rates, (2) noncore customers assumed to purchase interruptible service and pay lower -
. rates, and (3) customers with fuel switching capabilities sometimes offered discounted rates based on comipeting fuel .
pnoes In contrast to the detailed electric gengrators demand representauon, each regional demand curve provided
“. to GAMS by DEMS for the non- electric generators sectors 1s defined simply by a unique reference pnce/quantuy
‘pair and an associated elasuetty - ) -
'I'ransxmssxonldxstnbuuon losses and pxpelme fuel use are taken into account within GAMS durmg the supplyldemand
equilibration process by applying factors based on historical data to total throughput.’ The equilibrating process
“includes the following steps: (1) estimating a national -wellhead price (the initial estimate is the previous year’s
_ solution price, and subsequent estimates are based on the previous iteration’s price), (2) adding appropriate markups
(representing transmission and distribution tariffs) to arrive at regional/sectoral end-use prices, (3) evaluating end-use
consumption levels at these prices using the appropriate demand curves, (4) summing these consumption levels and
adding losses to arrive at the amount which would be demanded at the wellhead given the estimated wellhead price,
-and (5) comparing this aggregate consumption (plus losses) to the lével (provided by PROLOG) that would be
_ supplied given the estimated wellhead price. If the calculated consumption is not within a specified tolerance of the

s

MFor more mformauon on PROLOG see Energy Information' Administration, | "Model Methodology and Data Descnpuon of
the Production of Onshore Lower-48 Oil and Gas Model." DOE/EIA-M034(91) (Washington, DC, April 1991).

”Take-pr-pay oontract restncnons required a pipeline to pay for the specxfied quantxty of gas whether or not it could be resold.
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corresponding supply level, a new wellhead prfce is estimated and the process is repeated umil convergénce is |
achieved. | ‘

" Data Resources, Inc. (DRI

The DRI natural gas market analysis is done in conjunction with an overall analysis of the entire U.S. energy sector.
The principal models used are short-term natiral gas spot price and demand models, a longer term U.S. and regional
energy model (which has detailed sectoral demand submodels), and a U.S. oil and gas drilling/production model.
Annual forecasts through 2010 are provided for 11 regions based on Census regions and subdivisions of Census -
regions, .' | ’ .
The DRI modeling system uses an jterative process (based on achieving a wellhead price/residual fuel oil price ratio
that is deemed to reflect accurately free-market supply/demand influences) which determines average regional
* wellhead gas acquisition prices and then applies region- and sector-specific markups to arrive at end-use prices.
Average natural gas prices are projected for U.S. domestic wellhead gas (based on spot, contract, and regulation-
influenced . gas prices) and for Canadian and LNG imports. These prices are then combined into regional
* "acquisition” ‘prices, based on the varying volume ‘weights of each gas source in the region. Region- and sector-

specific markups-are then applied to each region’s average acquisition cost to arrive at each sector’s end-use price .

+ for the region. The markups are intended to capture the transmission, distribution, and other delivery costs for each
sector in each region. The markups are based on historical EIA data. Thus interstate pipeline transmission rates are
not separately and specifically-estimated, but rather, are rolled in with local distribution and other charges into the -
overall retail markups. Growth in price markups is assumed to-increase at the rate of inflation, as determined by .
the GNP deflator. Pipeline capacity constraints and capacity expansion.issues are not addressed in the model. -

Wharton Econometric Forecasting Associates (WEFA)”

WEFA models the transmission/distribution of natural gas by means of a supply/transportation model within its
Natural Gas Modeling System. The North American natural gas market is defined as a collection of many markets
(16 hubs) which trade gas both intra-regionally (within hubs) and inter-regionally (between hubs). Markets may be
. defined geggraphically, by type of transaction (spot or contract), by quality of sefvice (interruptible or firm), and by
season (heating or nonheating). The model is implemented as a spreadsheet that determines the production and
consumption in each market and the volume of gas transported between markets and between seasons (storage), using
a heuristic algorithm to solve iteratively for a set. of prices across regions, seasons, and time periods that achieves
amarket balance. Annual forecasts are provided through 2020 for niatural gas production and wellhead prices'in 13
domestic supply basins, and for flows, capacity utilization, transportation costs, and required capacity expansion along
"~ the arcs connecting the 16 hubs. : ’ . ‘ : :

Three i:ey as;sumptions are made as follows: '

.-+ Producers maximize profits and. consumers_minimize ‘costs, subject to' demand requirements and -

- ‘capacity-constraints . ) : -
. Pipeline transpoftation and Stdrage rates are a function of regulation, and&pacily expansion only takes
place if it is economic (i.e., if the marginal cost of expansion is less than the marginal price that
" consumers are willing to pay for the additional gas) .

%The most ‘current documer'ltation' on DRI’s model was written in 1984 and is out of date. A brief report entitled “‘thur'al Gas
Forecasting Methodology” provided' by Margaret Rhodes of DRI was used for a more accurate description of their current
methodology. ) .0 .. - ) , .

- "The WEFA model is used for internal forecasts only, and thus full documentation does not exist. Information on their current
methodology was obtained from a brief methodology description in the WEFA Natural Gas Service Long-Tenn Forecast (Bala
Cynwyd, PA, Winter 1992) and from telephone conversations with Morris Gmegnberg of WEFA. .
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¢ Prices are _permitted to adjust freely to'clear all markets simultaneously. -

Inmal estimates of regional, end-use gas requtrements are determined from econometnc models for the non- electric

generators sectors and from regional load dispatch models for the electric generators sector. The demand is then
- assigned to the different supply regions based on initial market shares. Initial estimates of regional/sectoral prices
" are also used. ‘Actual prices are then determined, and the relevant demands adjusted via price elasticities for
subsequent iterations. Transportation -tariffs are initialized assuming a load factor of 85 percent, but may be
dtsommted if the actual utilization is less. .

Consumpuon is dlsaggregated into heating and nonheatmg seasons, and further disaggregated by -users with and
without fuel switching capability. Consumers have the flexibility of selecting altemauve supply sources. - Gas can
.. be transported from regions linked by.the pipeline network or withdrawn from storage, both subject to available
capacity. Any gas withdrawn from storage during a heaung season is replaced during the following nonheatmg
. season. Consumers adjust supply ‘sources to minimize costs, given the’ price of gas in the source region and the

transportation (or-storage) rate, including fuel and loss. Transportation rates are determined assummg competitive
- conditions, and rates on routes with excess capacity can be discounted down to variable costs. Alternatively, if

pxpelxne capacity on a grven route is constrained, rates may be adjusted upward in-the solution process to the point-

where they exceed the regulated transportation ceiling rate in order to clear the market, In this case, if the margmal

value of the expansion, as measured by current and future price differentials and utilization rates, exceeds its -

marginal cost, capacity is expanded.” If such expansron does not occur, transportauon-consumned sources will lose
market share to unconstrained routes. I ) \

. 'Throughout the ‘solution process, pnces are adjusted to reduce excesses of supply or demand in any or all
- regions/seasons/time periods. The process is -repeated iteratively until market-clearmg pnces are determined.
Convergence is aclneved "when the following conditions are met:

- _'Exoesssupply/demandrszeromeachmarket“ I L
~e The dehvered £ost of gas to each regron is the same for every acttve route

. "Prpelme wpacny unllzauon 1s\less than or equal to 100 percent on every route

expansion.

-Amencan Gas Associatlon (AGA)"" AR : : R

Natural gas modeling at the Amencan Gas Assocratron is done within the’ framewoﬂc of the Amencan Gas
- Association’s Total Energy Resource Analysis model (A.G.A ~TERA). The TERA modeling system provides annual
_ projections through 2010 of natural gas production, mnsrmtpuon, and prices, with projections for the residential,
. commercial, industrial, and electric generators end-use sectors provided for the nine Census Regions, “The approach
" is a heuristic one that simulates the market and does not assume optimization of either policy or market behavior.

The equilibration procéss involves- the interaction ‘of three components: (1)-a set of drilling models, (2) a
- demand/marketplace model, and (3) a deliverability model. The drilling models and the demand/marketplace model

provide inputs for the dehverabthty model, but there is not an automated feedback loop fromthe deliverability model
to the drilling and demand/marketplace models. Analyst mterventxon is often neoessary to equtlxbrate the market via

,adjustments in the trial wellhead prices.

The models treat the natural gas transnussron and drstnbuuon segment of the industry very simply. Flows are not
: exphcrtly represented, and capacrty constraint/expansion issues are not treated The pnces of natural gas to

. ssImrmim:tmn to the A.G.A-TERA Energy Modeling System. American Gas Association (Arlington, VA, 1991), provrdes a very
general overview of the overall model; phone conversations with Leon Tucker of the A.G.A. provxded specifics on the handlmg
.of transmission and distribution. . ) .
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consumers are calculated as linear functions of the wellhead price via ordinary ledst squares regression in order to .

reflect the .combination of supply-related costs and transmission and delivery-related costs.

~ ’

' Gas Research Institute (GRI) Energy Overview Model (EOM®

In producing its yearly Baseline Energy Forecast, the Gas Research Institute (GRI) uses a2 model known as the

. Energy Overview Model (EOM). The transmission and distribution segment of the natural gas industry is represented

- by a separate model, the National Pipeline/Flowing Gas Model developed by Energy and Environmental Analysis,

Incorporated (EEA). The EEA model is a simulation model that represents the U.S. pipeline system by means of
12 composite pipeline groups, ‘which are aggregates of actual pipeline systems chosen to represent the major

* differences in gas supply areas serving the 10 Federal regions.: The netwoik has recently been expanded to include

the entire North American gas market (including both Canada and Mexico). Each pipeline group has its own
inventory of gas reserves, access$ to one or.more of 15 supply regions (as represented in the GRI Hydrocarbon Supply
Model), and an individual cost of service estimate for pipeline operations. The EEA model is integrated with the

. EOM, and thus flows are considered in the market equilibration process. Nonlinear optimization is used to minimize

costs subject to supply and demand constraints.

" - The pipeline model simalates pipelines in their role as both merchants and transporters of gas. Transportation
services are provided to distributors arid end-users under a mix of rates based on the quality of service. Rates are

based on cost-of-service with the flexibility for rate discounting caused by market pressures. An accounting system

~ tracks both committed gas supplies under long-term contracts with pipelines and uncommitted supplies being

marketed by producers and sold on the spot market. Associated with committed supplies are detailed contract terms
and conditions. ' o B . e

The model_rcpfes‘ents the distribution of supply from'the city gate to end-usem\by means of an aggregate local
‘distribution company (LDC) in each demand region. Revenue requirement accounts are maintained for each LDC

" to set distribution margins by end-use sector, with margins and burnertip gas prices differing by demand region,

-

LDCs themselves offer end-users both sales service 'a_nd transportation of gas purchased on the spot market.

Seasonal transmigéion charges for each pipelfne group and distribution charges for the LDC in each Federal region
are.estimated by the model based on cost-of-service estimates. The charges are then allocated to the services
provided by the distributor or pipeliné. Market pressures and regulatory structures: determine the extent to which

those charges recover gas transmission and distribution costs:. A cost-of-service algorithm estimates year-to-year

changes in the overall nongas costs of pipeline operations so as to take-into account the response of the costs to

changes in system throughput, compression.costs (which change with volume and cost of gas), rate base, and the.

cost of capital, After determining the cost of service for each.pipeline group, the model allocates these costs between

“the sales and transportation services offered to customers based on the mix of each pipeline’s merchant and transport

" services, After.allocating costs, the model pipelines establish a structure of differential rates for the various classes
of service. The transmission margin included in pipeline resale rates is assigned on a fully allocated basis, meaning | .

that ‘the costs allocated  to this service will be fully fecovered in providing the service. Pipelines also maintain’
separate firm ‘and interruptible rates applicable to transportation. .Competitive forces and market pressures may
prevent pipelines from fully recovering costs-for interruptible service. The model allows margins on transportation

to distributors to be reduced below full cost recovery to répresent the potential discounting pressures on pipeline -

supplies caused by interpipeline competition. Costs not recovered due to discounting are reppned.

The EEA mode has recently been updated to include a detailed representation. of capacity expansion in support of
an ongoing National Petroleum Council (NPC) study.*® The model takes into account both planned expansion ‘and

“other future expansion. An input data file describes planned projects for the next 5 years, including their construction -
‘costs. For projects beyond the S5-year time horizon, the same data file contains "generic" projects that can be

YGuide to the Hydrocarbon Supply Model, 19?0'Update, Eneégy and Environmental Analysis, Inc. (Arlington, VA, October

' 1990) and conversations with EEA and GRI staff.

2

The enhanced treatment of capacity expansion in the EEA Pipeline/Flowing Gas Model has not as yet been documented.
The above information was provided through conversations with Robert Crawford of EEA. - - :
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undenaken ffitis economlc to do so. Data for these generic projects include cost estimates on a dollars per thousand
" cubic fect/mile (where mileage figure represents miles that the gas is actually moved). Cost data are determined by *
usinga cost algorithm that reflects today’s capacity addition costs. Three sets of cost algorithms are employed one
for the Lower 48 States, one for Canada, and one for frontier areas where expansion is costly. Regional differences

" in construction costs are not captured. Costs are determined for three types of possible expansion: compression
only, looping and compressron combined, .and construction of new pipe. Potential future projects are, set up -
throughout the system as though they were real ones. Thus the model sees what is andlogous to a supply curve for
capacity additions at each node. The steps on the "supply" curve are analogous to the amount of each of the three
types of expansion possrble at that point in the system. The data allow for expansion everywhere in the system, with
those areas deemed most hkely to have more expansron activity provxded higher bounds on the amount of expansion
. possible. - . ) ..

In solvmg for wpacrty expansron, the model begms each forewst year with an esumate of new capacity that would
- be needed to meet thé demands for that year. Each potential new pipeline link has a supply source with an

.. associated volume and- price elasticity; and a demand at its destination. “The model takes into account how much the

supply price would be raised at the sonrce due to the.added volume, and how much the demand would be depressed .
-as a result of the associated higher prices. Capacity to be added is controlled by the criteria that any added capacity
* .must be able to ‘operate at a minimum of an 80-percent load factor.. New links compete against alternate supply
sources and each other—capacrty will not be added if there is a cheaper alternative for meeting demand. New costs
are compared agamst the cost of adding capacity: The cost of the added capacity-must.be less than the price
dtfferent:al on competmg links, and the throughput hrgh enough (at least 80 percent) in order for eapactty to be
added .

. Storage is consrdered to be a supply source dnnng the ‘winter months and a demand -source dunng the Summer
. months. 'Storage.expansion is not endogenously determined. Offline scenarios are run to determine how much
" storage capacity would increase, and storage is fixed within any given model' run. The offline analysis to determine
storage expansion is an iterative. process in which estimates of expected increases in storage are made, the model
is run and results analyzed, estimates are revised and the model Tenun uitil analyst Judgment indicates a satisfactory
estxmate of fature storage expansron ) . .

e

Declslon Facus, lnc. (DFI) North American Reglonal Gas Madel (NARG)” oz

Decrsron ‘Focus, Inc has developed a mulhreglon Samuelson spaual ethbnum model used by the Gas Reswrch
_Institute (GRI) for sensitivity analyses Thrs model is referred to as the GRI North Amenmn Regional Natural Gas
Supply-Demand Model. T <

“The. model represents approxmately 150 dxstmet gas supply ‘sources in the United States and Canada. Fifteen
demand regions are represented, 3 in Canada and 12 in the’ United States (based on disaggregations of the census
. regions), with-distinctions within each'demand region between core and noncore markets.”> In the United States,
- all of the resrdentlal and commercial and half of the industrial demand are assumed to be ¢ore, while the balance
-of the mdustnal and all of the electric generators demand are assmned to be noncore : .

T.he model’s representauon of the North Amencan prpelme system mcludes

e A comprehensrve prpelme network consrstmg of current and potennal future plpelme lmks from supply B
" regions to demand regions

“Dale M. Nesbitt er. al. " Analysis of GRI North American Regronal Gas Supply-Demand Model"; in North Amencan Natural
Gas Markets: Selected Techmcal Studies, Energy Modelmg Forum (EMF)-Report 9, Volume III PP 185-234 (Stanford
University, April 1989) .

%Dale M. Nesbitt et. al. (DFI), "Appendrces for the GRI North Amencan Regxonal Natural Gas Supply-Demand Model,"” -
prepared for Gerald Pine (GRI), February 1990. . .

%3The core service customer is guaranteed service (ize., is assumed to purchase firm service) and generally pays the highest rate
for natural gas. The noncore customers constume gas under a less certain andlor less continuous basis (i.e., an mterrupuble basis) -
‘and typxca]ly are offered a lower rate than the core customers., ;
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* " Tariffs and losses for each pipeline link.

The degree of pipeline detail is consistent with the degree of supply and demand detail elsewhere in the model. In
particular, while the model could have been designed to enumerate and distinguish every individual pipeline in the
" United States, its developers instead sought commonalities among supply regions, pipelines, and demand regions that
would allow aggregation. Rather than representing individual pipelines, the model instead represents pipeline
corridors from its supply regions to its demand regions. These corridors are explicitly defined by the characterization
of the model’s supply and demand regions, and by the configuration of the U.S. and Canadian pipeline systems that
exist today. Each of the existing pipeline corridors represented in the model begins in a given supply region, extends
perhaps through intermediate supply and demand regions, and terminates in a demand region. The network of
existing pipeline corridors interconnects all currently producing regions with all currently consuming regions.

The model also enumerates all prospective future pipelines that might be built in the next 50 years. These pipelines
connect new producing regions (or-subregions) with various demand regions, and connect Canada and Mexico to
the United States. They are truly prospective in the sense that they will be built only if they become economic (i.e.,
only if supplies at the upstream end, marked up to account for the cost of the new pipelines, constitute the most -
competitive source at the downstream end). In the model, looping is considered as an option for all existing capacity,

as well as for the existing links of the new corridors. -_ S R : o

The linkage between Canada and the Usiited States is potentially very important. The model therefore distinguishes
the pipelines in Canada that directly or indirectly lead to the Lower 48 United States. The model also includes two’

"prospective, Canadian export routesto the United States. One of these routes runs from North Alaska through Alberta B

and ultimately to the United States, and represents the upstream-leg of the Alaska Natural Gas Transportation System.
The other runs from Northern Canada (MacKenzie and Beaufort Sea), through Alberta, and ultimately to the United
States, and represents the pipeline-that will have to be built in order to exploit Canadian Arctic gas (the Polar project
and prospectivé expansions), o , ’ ‘ , ,

The curment version of the model contains -corridor capacity estimates prepared by Benjamin Schlesinger-and

Associates (BSA, under contract to.the California Energy Commission). BSA also provided appropriate corridor

transmission costs, which represent the- embedded cost of each pipeline and specifically account for discounting
, behavior on the part of pipeline owners. Pipeline capacities and cost structures for all Canadian pipelines are based
- on data from the National Energy Board of Canada. g ) .

Several generic typés of pi';'aqline capacity expansion are explicitly represented (for each pipéiine link) within the
model:’ ) . S : . .

‘e Expansion of capacity of a givéh pipeline by such actions as looping or increasing pressure
. “Expansion of capacity along a given corridor by adding a new pipeline
=+ Addition of an entirely new .pipeline' corridor.

For each pipeline link, the model assumes that the embedded cost of the capacity currently in place will affect the
rates for quantities of gas transported that do not exceed the.current known capacity. In order to transport more gas

" than the current capacity of the corridor, it is necessary to augment the capacity through looping or pressure
‘increases. Such augmentation is possible (at a cost) and is usually bounded by an upper constraint (i.e., looping and
pressure increases can each add only a limited quantity of additional capacity). - In order to exceed the capacity of
an existing, fully looped, maximum pressure pipeline link, it is necessary to add new pipeline capacity. At the
incremental cost of securing appropriate rights of way. and building such a pipeline, it is possible to expand the

capacity of that corridor virtually without bound. : o .

The m'odef thus requires current transportation cost information, capacit); expansion costs through augmentation, and

new capacity addition costs. For'the current version of the model, such data (for every existing and prospective
" future corridor) were provided by BSA under contract to the California-Energy Commission. ’
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Stanford Universi'ty North American Gas Trade Model (G;I'M);""

The North American Gas Trade Model (GTM) developed at Stanford University in conjunction with the Stanford
University International Energy Project is an interregional natural gas trade partial equilibriumi model which
" computes, for 2 single time periods (1990 and 2000), market clearing prices and a possible pattern of trade flows
between 11 supply and 14 demand regions in the United States, Mexico, and Canada. Demands within the United
States are provided for each of four consuming sectors (residential, commercial, industrial, and electric generators).
- Key inputs to the model include: ’ . .

e ,"Il.le gegibng] distribution of gas sﬁpplieg and demands at gltemate price levels. . C
o’ ‘Trar.lsx;ortatio;l charg;as . T |

. Pipeline capacity c'oqsﬁaints ‘
-+ Canadian and Mexican export quanuty limits. : _‘ : | /

<

In some regions, pnces are free to move so as to equilibrate suppliés and demands, while in others there ﬁmy be
-disequilibria associated with controls over prices and/or quantities'traded. The objective of the solution process is

‘to maximize the sums of producers’ and consumers™ surpluses, or, alternatively, maximize the sum of consumers’ -~ -

~ benefits minus the costs of Jproduction and transportation. With the exception of the nonlinearity of the objective
function, the GTM is a straightforward uansponaﬁoq model. The model is solved using MINOS, a nonlinear
pmglammmg computer package. . C . .

Economic policy and technical constraints are handled as upper-or lower bounds on objective function _9ai'iables; ,
For example, pipeline capacity limits are represented as upper bounds on the transportation variables, and take-or-pay

-contract limits are represented as lower bounds. The user can specify limits on certain demands or export volumes, -

which allows the simulation of exportand price controls. Taxes or subsidies on individual supplies or demands can
be similarly represented by constraints on individual supply and demand variables. Each of these conditions is
- represented as an upper or lower bound on an individual variable. ‘ ’ . .
The objective function contains linear cost coefficients related to the transportétion variables. _Supply and demand

variables enter in a separable nonlinear form A market equilibrium is computed by maximizing the objective

function subject to supply and démand constraints and upper and lower bounds on individual variables. If supply
and demand are unconstrained, the shadow prices will be the marginal costs of production or the price consumers

1

are willing to pay. This information can aid the analyst in making decisions (e.g., wl;ether 1o expand production or .

increase capacity).

 Massachusetts lnstituté of Technology (MIT) Center for Eﬁe_rgy Policy Research®

The Center for Eﬁergi Policy Research Energy Laborétory at MIT has éeveloped aNarth Amcncan natural gas trade
model as part of a project on international gas issues. The primary purpose of the model is to estimate the costs and
‘benefits to Canada .and Canadian firms of altemnative gas production and export programs. While it is an

interregional trade equilibrium model similar in concept to the Gas Trade Model (GTM) described above, it has been © -

formulated as a linear, rather than a nonlinear, programming problem. The model solves for exports to the United
States-and investment and production in each Canadian supply area, reporting additional information including
marginal costs of production, export prices, marginal export revenues, capital rental charges, resource depletion costs,
etc. The model includes nine different pools of Canadian reserves and three’gas markets within the United States:
West Coast, Middle West, and North East. - R A

- ! .
LI Y . ,

*Mark A. Beltramo, Alan S.-Manne, and Jobn P. Weyant, "A North American Gas Trade Model (GTM)." " Energy Journal,

" July 1986, pp. 15-32.

*Charles Blitzer, "A North American Natural Gas Model: Part L Final Report on-Canadian-U.S. Natural Gas Trade,

{Cambridge, MA: MIT Center‘for Energy Policy Research October 1985).
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Constraints involve supply/demand balances, production-reserve relationships, production-investment relationships,
export delivery patterns, pipeline capacity constraints, and export revenues. Demand functions are represented by
piece-wise linear approximations. Pipeline capacity is input exogenously. Investment in capacity expansion,
although incorporated in annual capital costs, is not, however, endogenously determined. Pipeline operating costs

* are handled as linear functions of export volumes based on operating cost coefficients. .

'I_'he model can be solved using any one of three objective functions:
* Maximize net benefits to Canada as a wl;oié ‘
o Maximize the sum of net benefits to Canada and to U.S.-importei’s of Canz;dian gas -
R . Slmulaxe competitive profit maximizing behavxor among Canadian préduéérs, inclusivp of royalties. |

The second objeétive ﬁm;:tion secks to determine the perfectly competitive solution, in effect maxiinizing net benefits
to Canada (prodqcers’ surplus) and net benefits to the United States (consumers’ surplus). -

£
&

¢

Enérgy Information Administration Gasnet Model”

The Gasnet- model is an optimization model, developed by EIA in the late 1970’s to forecast short-term seasonal
patterns of natural gas distribution given predetermined projections of both ‘supply and demand for natural gas.
Although no longer in use within EIA, the Gasnet model was reviewed in doing background research for
-development of the NGTDM as it explicitly represents a pipeline network, using a series of constrained optimization
" techniques to simulate the transmission pattern within the natural gas industry. Gasnet provides summary: tables
listing quarterly estimates of natural gas supply by State and consumption and excess demand by State for the
residential, commeércial, industrial, and electric generators sectors. : .

. On the demand side, 48 States, the Dlstnct of Columbia, Mexico, and 5 Canad:an provinces are represented. On
the supply side, there are 45 producing areas located in the 26 producing U.S. States and 4 Canadian provinces. Four
of the producing States are divided into substate regions. Five major interstate pipeline activities are represented in

" the model: (1) selling gas to end-users, (2) receiving produced gas, (3) injecting or withdrawing gas from storage,

(4) exchanging gas with other pipeline companies; and (5) transmitting their own gas volume to other States. Within
the model, varijous nodes are interconnected by arcs. Each node is associated with one or more of the five major
activities described above. e - R .

The model connects the demand regions and supply areas to estimate the sectoral effects of natural gas shortages.
The model represents each pipeline by a system of interconnected nodes allowing the calculation of interstate flows
along a pipeline system. A separate module, the Historical Apportionment Model (HAM), computes the distribution
of the forecasted gas production through the network on the basis of the historical relative.flows (i.e., the pattemn
determined from the base year data). The HAM model solution provides a base case for the firial phase of the
modeling process: ‘the linear program. The linear program minimizes the deviations of gas from the desired storage
goals, the sum of excess demands and supplies by consuming sector in each State, and the ¢osts of operation for the
transmission of gas throughout the entire network, subject to the following constraints:

' - Mass balance at each node = - o ST

-« Regional gas production equation for each region

- Balance of supply and demand over-all States and demand sectors. '

*Energy Information Administration, Gasnet: Methodology pescﬁptfan (Washington, DC, August 1978)
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Solution Methods for Solving Network Flows

In developing the methodology for the NGTDM, a number of modeling techniques were evaluated other than those

. employed in natural gas models: In particular, speaﬁc mathematical formulations and solution techniques, such as
linear programming (LP), mixed integer programming (MIP), special ordered sets (SOS), and nonlinear programming
were considered.”. In addition to the specific natural gas models discussed above, the followmg models were
reviewed because they employ techmques that were consxdered for use in the NGTDM.

\\
[

Energy lnformatlan Admimstratlon Project lndependence Evaluation System‘

(PSP -

The PIES model, developed in the nnd-1970’s, was EIA’s first large scale energy forecasting model. The PIES
framework consists of three major components: a demand model, a supply network, and an equilibrating mechanism..

The PIES supply network is composed of producuon, conversion, and transportanon acuvmes They are linked by
means of a distribution network that represents the movement of raw materials or products. “The major economic . -

assumption implicit in the PIES structure is that market equilibrium conditions govern the purchase prices and

quantities of fuels so that the sum of consumers’ and producers’ surplus is maximized across all regions and all -

energy mdustry sectors, subject to the oonstramed market conditions introduced by governmem regulauon

The following assumptions are made: (1) subject to regulatory constramts, parnc:pants in theeconomy act in their
_own self-interest, (2) consumers are rational and maximize their benefits, and (3) producers. maximize profits. A

lmear programming formulation is. used, moorpomnng step-hke approxrmanons to the snpply and demand curves. - - -

R

Stanford Research lnstitute SRI-GULF Energy Modef"

The Stanford Resedrch Institute’s. SRI-Gulf Energy Modelisa hlghly-detarled regional, dynanuc model of the supply
and demand for energy in the United States. It was developed in 1973 to analyze synthetic fuels strategy for the

.- -Gulif Oil Corporation and has subsequently been extended and widely used in other energy analyses. It employs a

‘generalized equilibrium modeling methodology which represents a synthesis of several modeling techniques. The

’ ., conceptual framework of generalized equilibrium modeling emphasizes: - (1) the need to focus modeling efforts on

" decisions and (2) the coordinated decomposition of complex decision problems using iterative methods, A decision
problem is first conceptualized, and’ then .decomposed to define the basic decision and physical processes that must

- be included in the modeling process. “The overall model is then implemented using the following three basic ,’

elements of generahzed equilibrium modelma -(1) processes describing the fundamental submodels, (2) a network
describing the interactions among the processes. and (3) an algonthm for determmmg the numencal values of the
‘ vanables in the model. . . . , o
Z . » B . 4
In the SRI-GULF model 17 end-use demands are modeled for each of the 9-U.S. Census Divisions through 2025,
Approxnnately 2700 processes are represented, with processes that déscribe end-use demands for energy and primary
resource supply linked by a network of other processes describing market behavior, conversion, and transportation.
The algorithm-used' to solve the model finds the set of variables (primarily prices and quantities) that satisfy the

>

physical and behavroral relatmns embodied in the processes and the hnkages among the variables as defined by the -

network

'

-

~ "'For farther mformauon on formulauons see "An Evaluauon of Problem Formulations and Mathematwal Programming
Software for the Gas Market Model of NEMS," Science Applications International Corporation (McLean, VA. April 1992).
®The Integrating Model of the PrOJect Independence Evaluanon System, Volume I - Executive Summary, Logistics Management
Institute (Washington, DC, April 19
" %Generalized Eqmlxbnum Modelmg 771e Methodologv of the SRI-Gulf Energy Model, Decision Focus, Incorporated (Palo Alto.
. CA/ May 1977)
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Although the model involves hundreds of distinct ;;rocesses, each can be implemented as one of a few basic .

processes which consist of: (1) simple conversion processes, (2) allocation processes, (3) primary resource processes,
(4) end-use demand processes, (5) transportation processes, (6) complex conversion processes, and (7) secondary
industry processes. The main process of interest in the SRI-Gulf model is the allocation process, which allocates
" the demand for a fuel among the competing sources of supply. The allocation process used in the model is a
dynamic process that responds continuously to changes in price. The sharing method is represented in terms of
simple market share curves and simple market penetration (behavioral lag) curves that reflect lags or time delays in
responding to price changes. This is preferable to an allocation process that responds sharply to small differences
. in prices (as would be the case if demand were allocated entirely to the lowest price source), as the latter tends to
overstate the market response to prices. SR - ~

~ Conclusions .
This section consists of two subsections. “The first compares the NGTDM with EIA’s former modeliné system,
GAMS, as one of the main goals of the design of the NGTDM was to address the weaknesses of the GAMS in
modéling the current natural-gas industry and provide EIA with a more effective modeling tool. The second section
-compares the NGTDM with the other modeling approaches considered, detailing which aspects of each approach

. were included and why each particular model or approach was, or was not, adopted for the NGTDM.

~* Compatison of Capabilities of GAMS to the NGTDM

- GAMS has a_numbe_r.of limitations that preciuded its use within the NEMS. The NGTDM was designed to address’
~these limitations.. As indicated in the Model Quality Audit review of GAMS performed for the Office.of Statistical’

Standards,'® one of the major limitations of GAMS was that it does. not take into account significant regional

differences in both supply availability and pricing. When GAMS was first modified to explicitly treat deregulated

gas, a simple structure was included to represent a’single national pool of deregulated gas. This national
representation of deregulated gas means that GAMS does not fully account for regional supply distinctions on the

overall market. The NGTDM represents both supply availability and price levels for all supply sources by region. )

Another drawback to GAMS is that it does riot inclﬁde a répresentation of the physical flow of gas, and thus can

not be used to analyze pipeline capacity issues. The assumption was made during the initial development of the -
model that sufficient capacity would exist to satisfy demand, and therefore neither capacity constraints nor future .
‘capacity expansion issues were considered. In reality, there are significant differences across regions in capacity -

utilization, with very heavy ufilization occurring.in certain sections of the country (specifically the West and

Northeast)."” One of the key determinants of how pipelines. will price’ services in the future.will be how intensely

their systems are utilized, To represent this, a treatment of both capacity constraints and capacity expansion (pipeline

and storage) decisions is necessary. These issues are addressed by a separate Capacity Expansion Module within -

the' NGTDM. Flows are accounted for.in the Annual Flow Module (AFM) by  incorporating an aggregate
representation of the natural gas transmission and distribution network. ‘This allows a more comprehensive analysis

of the results of supply and demand shifts on capacities and flow patterns, as well as a more representative analysis

- of the pricing of natural gas transmission and distribution services.. ) .

Also key to the pricing of natural gas transmission and distribution services is the representation of tariffs. While
‘the GAMS representation of tariffs via markups based on fixed historical levels reflects both transmission and local
- distribution costs, the representation is simplistic and can not be easily adapted to reflect future market conditions.

" While pipelines and distributors formerly could be assumed to price strictly on the basis of their average cost of
service, they are now offering a full range of services under comipetitive and market-based pricing arrangements.
Although not totally deregulated, they have considerable pricing flexibility. The GAMS structure does not reflect

1%Carpenter, Paul R., "Review of the Gas Analysis Mddqlihg System,” Incentives Research Inc. (Boston, MA, August, 1991).
(Also contained in Appendix B of the GAMS Model Quality Audit) -
'Carpenter, Paul R., "Review of the Gas Analysis Modeling System,” Incentives Research Ine. -
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this, and thus does not permit regulatory analysis of pricing issues. Tariffs in the NGTDM are endogenously
determined along different segments of the physical pipeline system, with separate modules to model tariffs for
pipeline and distributor services. The NGTDM also represents differences in pricing various classes of service more
adequately than GAMS. GAMS applies the class-of-service pricing distinction only to the electric generators sector.

" Many industrial sector and large commercial sector users are also. taking advantage of the lower prices associated

with interruptible service, which is available to all customers. The NGTDM has the capability of distingunishing
customers by type of service in all end-use sectors. Cost-based, average pricing is applied to core customers (firm
service) within each sector and market-based, marginal pricing is applied to noncore customers (interruptible service).

" There are two final areas not addressed in GAMS. The first is that of environmental impacts, which has become
- an.area of considerable importance as a result of the Clean Air Act Amendments (CAAA) of 1990. "The NGTDM
-tracks emissions of criteria pollutants associated with the transmission and distribution of natural gas. The second
is that of energy related investment. Energy-related investments in areas such as the cdpacity expansion of natural

gas pipelines are quanuﬁed in the NGTDM.Key features of the natural gas models reviewed are summarized below.. .

* .in'Table D-1. -While some of the models, such as WEFA -and GRI, do address most of the issues that were of
concem in the development of the NGTDM, others, such as the DRI -and AGA models, employ a very simplistic

Table D-‘l Natural Gas Models Revnewed : ' .K .

Model Featqrg

Flows represented | -no |- y

Endogenous tariffs||-

' Core/nonpdi'e
rkets’

Spot and contract

repregenmﬁon of the transmission and distribution segment of the industry. In the DRI and AGA models, flows are -

not explicitly represented, end-use prices are determined via fixed markups, and capacity constraints and capacity
expansion decxslons are not represemed These models were thus not suitable to address the requnremems of NEMS
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Comparison of Capabilities of Other Models to the NGTDM
The WEFA and GRUEEA-models -address several of the issues which are represented in the NGTDM._ Like the
. NGTDM, these models track flows, take into account capacity constraints and capacity expansion decisions, and have
endogenous determination of tariffs. Both models also have structures not represented within the NGTDM, as well
as some general drawbacks in comparison to the NGTDM. The WEFA model is implemented as a spreadsheet, and
is therefore not directly compatible with the- NEMS system. While tariffs are endogenously determined, the
methodology is a simple one which does not allow the type of regulatory analysis required by NEMS. While the
GRI/EEA model has a more sophisticated determination of tariffs, all pricing is based on cost-of-service, and
marginal pricing, which the NGTDM allows for, is the direction in which the industry is going. Capacity and

!

capacity .expansion issues are consideted to be of great importance, and thus are treated in more detail in the .

" NGTDM than in the GRI/EEA model.

Two features-of the WEFA and GRI/EEA models not directly incorporated into the NGTDM are seasonal pricing
and the distinction between wellhead spot-and contract gas. A detailed treatment of contract pricing provisions for
. System supply is no longer necessary, since total deregulation of the wellhead market occurred in 1993. In addition,
given the resulting competitive nature of the market at the wellhead, it is expected that the majority of new supply
contracts will contain clauses tieing the contract price to the going price on the spot market, resulting in these prices
" moving in tandem over time. If the relative difference between the spot and contract gas price is determined to be

significant, this distinction can be readily incorporated within the NGTDM. Seasonal pricing is an important issue.

for future consideration within NEMS, but is beyond the scope of the current design.

.The basic structure. of the GTM and MIT models is similar to the design of the NGTDM. Both are interregional
trade equilibriurh models which; like the NGTDM, are formulted as optimization problems that maximize the sum
of producers’ and consumers’ surpluses subject to-supply, demand, regulatory, and technological constraints. There
are, however, a number of significant enhancements that are provided in the NGTDM. "The GTM focuses on long-
term market equilibria rather.than on mid-term institutional and regulatory issues, which are important for NEMS
to address. .Like many of the other models, the GTM does not incorporate an endogenous determination of tariffs

Or capacity expansion decisions. While the structure of the MIT model is similar to that of the NGTDM, it is‘

,basically a Canadian model without the U.S. market detail required of NEMS.

" Because of the number of supply regions and pipeline cormridofs, the representation of the transmission and
distribution network incorporated in the DEI model is the most detailed of. any of the models reviewed. Given that
the solution time required to solve a system of this level of detail does not fall within the NEMS guidelines and that
tariffs are determined based on exogenously. determined values, the structure was not considered to be suitable for

Since the Gasnet n,iodel,was developed during a time period ﬁhgn the gas market was very different from the current
market, it has a structure that could not be easily modified to address the issues relevant to NEMS. It does, however,

provide a good example of the general technique of applying network optimization to natural gas transmission.ang .

" distribution, which is the method that is used in ihe NGTDM to ‘model the noncore transportation segment of the

.market, . T S ' . ) . ‘
Of the nonnatural gas models reviewed, PIES was most relevant to the design of the NGTDM. The PIES solution
methodology, in fact, forms the basis for. the linear programming approach used as the solution methodology in the
NGTDM. The allocation process used in the SRI-GULF model was seriously considered to be used as the basis for
an heuristic approach to modeling cost-of-service pricing in the core market within the NGTDM. This approach was
subsequently abandoned due to added operational and convergence complexity that would be introduced by the use
of separate modeling approaches-for core and noncore markets. ‘ : . - :
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Table E1

A

~

Historical production levels for synthetic natural gas from liquid hydrocarbons and from coal, and

Data:
*other supplement supplies, to overwrite reported values in an unpublished table.
Author: Joe Benneche, EI-823.
 Sources: Natural Gas Annual (1990-1992), DOE/EIA-0131, Table 15.
Natural Gas Monthly (J une 1994), DOEJEIA-0130(94/06)
. Derivation: The historical production levels for 1990 through 1992 were taken from the Natural Gas Annual,
_~Synthetic gas production from coal is distinguished from syntheuc gas production from liquid
,hydrocarbons, in the State level data, by the location of the -associated plants. (Synthetic .gas
_production from-coal only occurs in South Dakota at present.) For 1993, the total supplemental
‘gas production was taken from' the Natural Gas Monthly. The, 1993 values for the individual
‘“, -components werc estimated by scalmg -their 1992 levels upward to sum to the 1993 total
., 'Notes:’ None
Units: Billion cubic feet. '
File: HISDATA
Variables: - OGPRSUP3 - Producuon quannues for three supply types 1) synthetic natural gas from llqurd
- ’ hydrocarbons, 2): symheuc natural gas from coal, and 3)-other supplememal
: supplres :
' IYear OGPRSUP3(1)| OGPRSUP3(2) |OGPRSUP33)|| . - .
oo ez |ssma | semss | .. o
o] 951 | sass7 | soeon .
l1992] - 10732 58456 ‘| 48.601 " - _
11,558 63.001 52441 | _ -

TN
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Table E2

~

_ Data: -Average natural gas wellhead price in 1989 by NGEWOGSM region.
Ahthor: Chetha Phang, EI-823, September 1993. ) ) ‘

Sources- Naturil Gas Annual (1990), DOE/EIA-0131(90). ‘ <
Federal Offshore Statistics 1990, OCS report, MMS91/0068. '
_ U.S. Crude Oil, Natural Gas, and Natural Gas Liguids Reserves, DOE/EIA-0216
Annual Energy Revzew 1992 Appendxx C.

Derivation. Wellhead prices for offshore reoxons were derived from the Federal Oﬁishore Statistics report
: . - Wellhead prices for the éast and west New Mexico substate regions were assigned the average New
Mexico price.. The onshore regions in Texas and Louisiana were assigned wellhead prices that
- when averaged with their associated-offshore prices (using quantity weights), would result in the
“ - average State level wellhead price reported in the Natural Gas Annual. The quantity (production)”
: - weights for these calculations were taken from the U.S. Crude Oil, Natural Gas, and Naniral Gas

* "Liquids Reserves teport. - Quantity-weighted average wellhead prices by the NGTDM/OGSM
regions were calculated from these data and’ converted into 1987 doHars using an 1mp11c1t GDP ' -

-. price deﬂator ' . .

Note§' ' The final we]lhead price for the NGTDM/OGSM onshore region 1 is set to the onshore region 2’s °
- pnce, and the offshore region 1's pnce is'set to the NGTDM/OGSM region 6's price.- ‘

Units: 1987 dollars per thousand_ cubic feet.

" File: INITDAT

' -Variables: WPRLAGON Average natural gas wellhead pnce for NGTDM/OGSM onshore neglons
. - WPRLAGOF Average natural gas wellhead price for NGTD_M/OGSM offshore regions
Y (1- Atlantic, 2- Gulf of Mexico, -Pacxﬁc)

NGIDM/OGSM |1 . | 2- 7 L “ ] {9 . "

|| WPRLAGON . | 219 |219. |261 133 159 [278 195 . 219, | 152

NGTDM/OGSM |10 . ju” . J12- 13 |1 fis. [0 Jw | ]

.IWPRL_AGON 141 f131 | 124.|129 |18 144 |144 | 208" "
—_—

Offshore Region | 1 2”7 |3 "
" WPRLAGOF  |'278 | 171|249

: S
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Mapping Between NGTDM, OGSM, and NGTDM/OGSM Onshore Regions

¢

NGTDM OGSM NGTDM/OGSM
Region Region Region
1 - 1 1
2 i 2
3 -1 .3
{t 4 3 4
4 5 |5 [
B 1 6.
R 1 - 17 :
6 2 - 8. N
17 |2 ¢ 9 L
7 '3 10 |
7 |4 11 '
8 5 12 R
9 e 13
10 2 14 : .
11, 4 . 15
11 15 16
12 6 17 .

‘ElA/Modél Docu_;nentatio_'n:’ Natural Gas Transmission and Distribution Mode! Volume |
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Tahle E3

‘Data: Canadian import prices in 1990 by border crossing point, average Canadtan wellhead pnce in 1989
Canadian _import pxpelme capacity expansron in 1990.

Author: Chetha Phang, EI 823, October 1993

Source: NaturaI Gas- Annual 1990/1991, DOE/EIA-0131.
: " Canadian Petroleum Association Statistical Summary. . o
N - The Potennal for Natural Gas in the United States, National Petroleum Councxl December 1992,

‘Derivation: The 1990 Canadian i 1mport prices for the 6 border crossing pomts represented in t.he NGTDM were
-« . derived from reported State level tmport pnces in the Natural Gas Annual

. . ‘The avemge Canadian wellhead price in, 1989 was obtamed from the Canadzan Petroleum
el | Assoczanon Statistical Summar) . ,

}The Canadlan 1mport plpelme capacity expansion data for 1990, by. border crossmg pomt, were,
- .derived from the National PetroIeum Council repon

Notes: ,These mmal values were used in the NGTDM, but they do not affect the solution results.

Units: For- gas prices: 1987 dollars per thousand cubtc feet. e ',‘
For capacrty expansron Billion cubic feet. ‘ T

--.Filef’INI’IDAT ' ': g ;"

Variables:: CN_ BRDPRC90 Canadian border prices in 1990,
- . .+ CN_WELPRC89. Canadian weilhead price in 1989 (1.19) -
-, .. CN_.NEWCAP90. Canadian capacity expansion for 1990.

Transshipment Node |13 [ 14 - L15 |16 |17 |18
at Canadian Border |- - | D I -

| cnBrOPReSD [ 260 | 251 | 151 [ 168 | 173 [134 |
CN_NEWCAPS0 _ |00 |219 |00 |289 |431 [oo | -
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Data:
Author
Source:

Derivation:

Notes:
Unit:
File:

Variables:

Table E4

Pipeline company financial data at company level and by arc.
Pum Kim, Science Applications International Corporation.
Form FERC-2, Statistics of Interstate-Natural Gas Pipeline Companies, DOE/EIA-0145 (90).

‘The company level financial data is compiled by using 1980-1990 FERC-2 data for interstate
,ptpelmes The arc level financial data is compt]ed by using 1990 FERC-2 data. ‘

The calculations are based on the followmg key rate base and caplta] structure parameters; detatls
-can be obtained from the numerous comments, notes and explanauons included in the program
itself:

e Gross Plant - ‘ . -
¢ Net Plant . ’ : :
- “Gross Plant Allomuon Factors =~ -
‘s Net Plant Allocation Factors - - - p
"~ Salary Allocation Factors :
-« Functionalized Rate Base and Return Components
Functionalized Customer Clearing Expenses
Functionalized O&M Expenses . '
Functionalized Depreciation and DDA " .
Funcuonahzed Workmg Capltal : I

. .
e o o o

. : \
“Three ﬂat output files are created for selected ptpehnes, the last contatmno base year t1990) data
for subsequent use.in the PTM.

None. L

1990$ S ‘

FORM2 By company-P'I‘ARlFF By arc..

DDA . Deprec:auon, depletton, and amortization costs,
OTTAX'  -All other taxes assessed by Federal, State, or local govemments except income
.- .taxes..
" TAG. Total admuustrauve and general expense ~
- TCE . Total éustomer expense. L
- SEOM Supervision and engineering expense.
. CSOML- Compressor-station operating and maintenance labor expense
CSOMN - Comptessor station operating and maintenance non-labor expense
OTOM - Other operations and maintenance expense
cwe Cash working capital. - . A v
owe Other working capital.: o . -
ADIT Accumulated-deferred income taxes. :
GPIS Original capital cost of plant in service (gross plant in service).
ADDA - Accumulated depreciation, depletion, and amortization.
PFES . Value of common stock for pipeline and storage
'CMES ' - Value of preferred stock for pipeline and storage ]

) LT " Value of long term stock for pipeline and storage.

e e e e vmg. = —evy———r - o o

s - i - ! -
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Table E5
Data: Revenue credits and fates of return by pipeline company.

Author: - Pum Kim, Science Applications Imemationa] Corporation.

" Source: P1pelme 1ate cases ﬁled by FERC (revenue credits) (exhlbn D)., Pipeline rate case settlements, as
' reported by FERC OPPR (rates of return).

‘Derivation: Revenue credit is derﬁ'ed from ‘the most recent rale case as submitted by each pipeline company.
. .Transition cost is based on the recommendation from FERC using amortization schedule. Rates

, -"of remrn from plpelme rate case settlements, as reponed by FERC OPPR
Notes: None o e

‘c.Units: 1987 dollars or peroentage 4 L

File: "PTARIFF
Variables: REVC o Revenue credlts 10 cost—of-servxce (1 uansponanon, 2-storage)
- PCMER Rate of return, common stock equity in fraction.
PPFER-. Rate of return, preferred stock in fraction. '
. PLTDR . Rate of return, long term debt in fracuon
* DCMER. - =PCMER - PLTDR. -

DLTDR . = PLTDR - AA bond raung (from MC, RMPUAANS in MACOUT common
) \block) \

y - - : o . .o
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Table Eé6

Data: Interregional and intraregional pipeline capacity in 1990.
Author: - Pum Kim, Science Applicétions International Corporation.
Source: Kcy Point Data, FORM FERC-567 DATA Annual Flow Dzagram, (90)

Derivation: The data were, denved usmg “interstate plpelme capacity between States. If two States were in
different regions, then these values were accumulated to calculate the total pipeline.capacity along
the associated arc. If two States were in the same region, then these data were accumulated to
calculate the total intra-regional pipeline capacxty in the associated region. .

., Notes: None.

. Unit: Billion cubic feet per year. -

Ye

.File:

Variables:

CAPACTY

PCAP_MAX Physic.:al'interstatp pipeline capacity along an arc or within é-region.

: fEiAIMo'del Documentation:- Natural Gas Transmission and Distribution Model Volume |

"To, To

1 | -1 © o487 | 8 4 2710 | 9 8 441

2 1 1800 { 16| 4- 2060 | 11 8 478

” 1B | 1 “as6| 2| s 530 17 | 8 2785
1 2 80| 34 5 2425 | 8 9 1461

" 2 | 2 10742 5 | s ‘13566 | "9 |- 9. 2023
3| 2 234416 |.5- a4 | 18 | 9 618

5 2 L623) 5| 6 120) 6 | 10 1131
14| 2 40| 6 | 6 357351 7 |. .11 3553 |
2 | 3 ain| 7 | 6 19735| 8 | n 433 |
3 | 3 16101 | 4 | 7 o4 | 11 | 11 4342 |

4 | 3 gsa8| 6 | 7 Ul o | 1130 |
I s |3 193] 77| 7 22989 | 11 | 12- 3613 |
l 6 |3 9151 8 |!7. 200 -3 | is + 998
3 | 4 633 | 11 .| 7 97| 7 | 19 444
4 | 4 mer| 4 | 8 1058 1 | 20 25

7 4 s62| 8. 8 1277




“Table E7

Hlstoncal pipeline fuel consumption and lease ‘and plant fuel consumption by Census’ Division.
These historical data are used to overwrite model results for the reporuno of these consumption
categones .

. Data:

_"Author:” Chetha Phang and Joe Benneche, EI-823.
Source: Natural Gas. Annual (1990-1992), DOE/EIA-0131.

: ‘ .Natural Gas ‘Monthly (June 1994) DOEJEIA-0130(6/94)

. -D-erivation: The mnnbers for hxstoncal values for 1990, 1991 and '1992 were taken from data published in the

- . " - Natural Gas Annual. The 1993 national totals were taken from the Natural Gas Monthly. Within

_ the NGTDM these values.are dJsaggregated 100} produce regional numbers based on the 1mp11ed 1992

reglonal shares . : '

i thes: ane. .

Units: Billion cubic feet,

‘e
R {
3 -

" File: HISDATA * ©

" Variables: ‘QGPTR ~ .~ Pxpehne fuel consumpuon by Census Division (national total in 1993, 607.0 Bcf). |

- Ed

-
-

.Ell.\li_.lodel Documentation:.-Natural Gas Transmission and Distribution Model Volume !

‘QLPIN : ° Lease and plant fuel consumpuon "by-Census Division (nauonal total in 1993,
- 12080 Bcf) . : R
1 T 1812 ] 2235 | 279 | 00 00 | 00 |-
-2 41752 | 42057 | 47.99F | 6871 | 4575 4346 || .
3 52841 | 48.723 | 51307 [.14367 | 11218 | 8836 | -
4 7| 72487 | 60168 .| 60419 | 48.037 | 56621 | 52689 |
5 37572 | 37.646 - | 46996 | 11.837 | 11.822°| 13.884
-6 96590 | 86865 | 84.142 | 20361 | - 15.688 | 20.663
7 196455 |169.007 |168.671 |771:540 | -582.531-| 613372 | -
8 124339 *|119.585_ | 97.881  |146.699 - | 119308 | 130.017 ||’
. l 9 [ 35908 | 35019 -] 27.508 216680 | 327:505 | 327.012



Table E8

Data: Historical natural gas prices to nonelectric end-use demand sectors. These data are presented for
each sector by core and noncore classes and as an average over the two classes for each Census
Division. In addition, the data are provided for each sector, by core and noncore classes, for each
NGTDM region. These data are used to overwrite the model results that are reported and are
passed to the demand model of NEMS in the historical years. They are also used as a basis for
benchmarking the 'NGTDM model to historical prices. ’

Author: Chetha Phang andl Jim Diemer, EI-823.

Source: Natural Gas’Anm;al (1990-1992), DOE/EIA-0131, Tables 31, 44-94,

. Manufacturing Energy Consumption Survey: Consumption of Energy 1991, (prereleased tables).
Annual Energy Review 1992, DOE/EIA-0384(92), Appendix C for GDP .implicit price deflators.

Derivation: In the NGTDM, the residential, commercial, and transportation sectors are assumed to bé éntirely
g core customers, Therefore, the average end-use prices for these sectors were assigned to both the
core and the noncore classes. -The natural gas' prices for the residential, commercial, “and
transportation sectors were derived from Census Division and State level data from the Natural Gas

Annual, and converted into 1987 dolars. .

Core and noncore industrial end-use prices in 1991-were derived using data published from the
Manufacturing Energy Consumption Survey for the four.Census Regions. For 1991 all of the

. Census Divisions within a Census Region were assigned the same price, for both the core ‘and
‘noncore classes. Similar prices for 1990 and 1992 were derived by adjusting the 1991 values by
the difference in the 1991 regional wellbead price and the regional wellhead price in the associated
year' - N * N . : ’ .

Notes: In the model, these historical data are initially assigned to the variables listed below and are
. subsequently assigned.to similarly named variables in the model that do not contain the leading
letter-"H". B B =T -

"~ Units: 1987 dollars per thousand cubic feet, R -

‘File: ‘HISDATA’

" Variables: HPGFRS:  Residential, core natural gas prices by Census Division.

" HPGFCM Commercial, core natural gas prices by Census Division - -
HPGFTR Transportation, core natural gas prices by Census Division
HPGFIN Industrial, core natural gas prices by Census Division )
HPGIRS ‘Residential, noncore natural gas prices by Census Division."

. HPGICM Commercial, noncore natural gas prices by Census Djvision

. HPGITR -  Transportation, noncore natural gas prices by Census Division

HPGIIN Industrial, noncore natural gas prices by Census Division * ~

HPGFRSGR -Residential, core natural gas prices by NGTDM region.

HPGFCMGR Commercial, -core natural gas prices by NGTDM region

HPGFINGR  Industrial, core natural gas prices by NGTDM region

HPGFTRGR  Transportation, core natural gas prices by NGTDM region

. HPNGRS Residential, average natural gas prices by Census Division.
HPNGCM Commercial, average natural gas prices by Census Division
HPNGTR ‘Transportation, average natural gas prices by Census Division .
HPNGIN ° Industrial, average natural gas prices by Census Division

v
{

-

ElA/Mode! Documentation: :Na"tufal Gas ]’ransmlk'lslon and Distribution Model Volume I . . Ee

e e e e e -

R i e s L I e I et i A ek v e atndi oo - —_



Wl bjWwWiN] =

" Data:
'Al_lthoh:

Source:

Derivation:

. Natural Gas Monthly and thé 1992 historical regxonal naunal gas wellhead pnoes are used by the -

Table E9

Historical natural gas wellhead pxiees by OGSM region. These historical data are used to overwrite.

model results in the historical period before they are passed to the OGSM and are reported.

\

Chetha Phang and Joe Benneche, EI-823.

_Natural Gas Annual (1990-1992), DOE/EIA-0131
Federal Offshore Statistics (1990-1992), OCS report, MMS(90-92)/0068. . .
U.S. Crude Oil, Natural Gas, and Natural Gas Liquids Reserves (1990-1992), DOE/EIA-0216. -

_Annual Energy Review 1992; DOE/EIA-0384(92), Appendxx C for GDP implicit price deﬂators .

Natural Gas Mon:hlv (June 1994), DOEIEIA-0130(6/94)

Wellhead prices for offshore regxous were denved from the Federal Offshore Statistics rcport '

Wellhead prices for the east and west New Mexico substate regions were assigned the average New
Mexico price. ' The onshore regions in Texas and Louisiana were assigned wellhead prices’ that
when averaged with-their associated offshore prices (using quantity weights), would result in the
average State level wellhead price reported in the Natural Gas Annual. The quantity (production)

weights for these mlculanons ‘were taken from the U.S. Crude Oil, Natural Gas, and Natural Gas -

Liguids Reserves report. Quanmy-wmghted average wellhead prices by the. NGTDM/OGSM

. Tegions were calculated from these data and converted into 1987 dollars using an implicit GDP -

price deflators. The wellhead gas prices for the Alaska regions (10- offshore North, 11- onshore

* North, 12- South) were set to the State average wellhead prices from the Natural Gas Annual, after

being converted to, 1987 dollars. The 1993 national average natural gas wellhead price from the

" -model to approxnnate Tegional 1993 prices. "

‘" "‘Noi;es. A

” ' UnitSo .

[

L File:

' ,Variablos:

2

N

A placeholder price was assxgned to the Atlantic offshore reglon
1987 dollars per thousand cubxc feet. -

HISDATA

MNUMOR OGSM region (l 10 6 is for OGSM ‘onshore regions, 7 109 is for offshore Tegions,
10-to0 12 for Alaska regions, 13 is for the average lower 48 States).

B ' OGWPRNG  Natural gas welihead price by OGSM-region (1993 lower 48 State ayerage natural

' " OGSM Region | OGWPRNG(1990) - OGWPRNG(1991) OGWPRNG(1992) .

gas wellhead pnce setto 1 63 1987$/Mcf)

237 ’ Cj21s T - ) 2,03

147 oo 1.38""". . 148 .

e - - e 141

[1.41 T 130 a 146 .

127 - 1.09 T 116 .

201 © . ja2e2. o 1.86

275 : 1215 ) ! 2.03

:11.63 - 1147 1143

246 i 1244 ' 225 | -

122 . . 1.26 . - 117

1122 - s, N PR

122 1.26. . 117
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Data:

Author:

Sourcg*

'

De_rivaﬁ’on.

-
é .
']

é

Table E10

Historical dry natural gas production by OGSM region. These historical data are used to overwrite

the model-results in these years before they are passed to the OGSM and are reported.

Chetha Phang and Joe Benneche, El-823.

Natural Gas Annual (1990-1992), DOE/EIA-0131.

U.S. Crude Oil, Natural Gas, and Natural Gas Liquids Reserves (1990-1992), DOE/EIA-0216.
Historical and Projected Oil and Gas Consumption, Alaska Department of Natural ‘Resources,
Division of Oil and Gas, February 1993, Table 4. - )

. Natural Gas Monthly (June 1994), DOE/EIA-0130(6/94).

Dry gas production by State/substate were aggregated into the OGSM regional Ievel (for 6 onshore
regions and 3 offshore regions). The State level data were taken from the Narural Gas Annual.
When'substate level data were required, the State level data was disaggregated based on data from
the U. S Crude Ozl Natural Gas, and Natural Gas Liquids Reserves report.

: The producuon numbers for the Alaska regions (10- offshore North, 11- onshore North, 12- South)

were computed using the. total dry. production from the Narural Gas Annual and the Alaska
North/South split based on- producuon numbers from the Alaska Department of Natural Resources,

For 1993, 'State level dry gas producuon values from the Natural Gas Monthly are used (along wnh
1992 substate sphts) to derive reglonal 1993 dry gas production levels thhm the NGTDM for -

- 1993, -

_ Notes:

Uhifs: ’

File:

Variables:

None, -

Billion cubic fee,t.” -

HISDATA. ’
MNUMOR " OGSM region (1 to 6 is for onshore regions, 7 to 9 is for offshore regions, 10 to

.12 is for Alaska regions). - .
OGPRDNG Dry natural gas production by OGSM regzon

ElAIModéi_Documentauon: Natural Gas Transmission and Distribution Model Volumel = . Etd




T OGPRDNG
MNUMOR | 1990 1991 1992
7809 793.1 769.9
43810 | 44277 | 45292 .

33829 3282.8 32524 -
0 1639.7 | 16422 1783.2 .

-1 BN - R E U RN

16602 | 18086 | 21048 - S /
s 3017 < - 3136 ~ | 2963 . o
1 .00 " 00. .00 ¢
" 52305 | -49646 | 46321
i 514.. | 558 |- 596 | o :
120 - 00 00 | o0 .} . 7 -
T 1930 | 2252 | 2264 | A ‘ '

s |
[ S ) Y

1842 185.2

S
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Data:

Autlinr:

Source:

Derivation:

Notes:
Units:
‘ File:

Variables:

" MNUMPR

Table E11-

Hlstoncal dry gas producuon by Petroleum Administration for Defense District (PADD) region.
These historical data are used to overwrite the model results in these years before they are passed
to the Petroleum Market Model (PMM).

Chetha Phang and Joe Benneche, EI-823

Natural Gas-Annual (1990-1992), DOE/EIA-0131.
Natural Gas Monthly (June 1994), DOEJEIA-0130(6/94)

The dry gas production by State from the Natural Gas Annual were aggregated into PADD region

for each historical year. For 1993, the State level data was taken from the Natural Gas Monthly
and the aggregauon is performed wnhm the NG'IDM )

‘ The PADD reglons are defined as follow_s:

" Maine, Massachusetts, New Hampshire, Rhode Island, Vermoni; District of
Columbia, Delaware, Maryland, New Jersey, New York, Pennsylvania, Florida,
. -Georgia, North Carolma, South Carolma, Virginia, and West ergmxa. :

"PADD I

Indiana,. Illmoxs, Kentucky, Tennessee, Mlchlgan, Ohxo, anesota, WISOODS!.D,

PADD II:
C Nonh Dakota, South Dakota, Oklahoma, Kansas Missouri, Nebraska, and Iowa. .

PADD INI: New Mexxco, Texas, Lomslana, Arkansas, sts1ss1pp1, and Alabama.

PADD IV Montana, Idaho, Wyonnng, Utah, and Colorado.
. PADDV:_ Washmgton, Oregon, California, Nevada, Anzona, Alaska, and Hawan
None. . |

ninion cibic feet. .

HISDATA - "~ . .~ .

PADD region (1 t0°5). .
PRNG_PADD Dry gas production by PADD.

| PRNG_PADD - R

[ MNUMPR 1990 © [. 1991" 1991. ‘
(R , |
1 389.672 '381.668 363.003
2 3148.031 3101842 | 2990510
3 12420686 | 12237.727 | 12389.679
4 1114590 | '1196566 | 1328492
5 736.695 779.999 768.221

' -EIAfMddeliDoct;mentatlgn: Natural Gas Transmission and Distribution Model Volume |
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Data:

\

Author:

- Source:

Table E12

Historical nonassociated dry natural gas production by NGTDM/OGSM region. These historical
data are used to overwrite the model results in these years before they are passed to the OGSM.

'Chetha Phang and Joe Benneche, El- 823

Natural Gas Annual (1990-1992), DOE/EIA-0131.

> U.S. Crude Oil, Natural Gas, and Natural Gas Liquids Reserves, DOE/EIA-0216
Natural Gas Monthly (June 1994), DOE/EIA-0130(6/94)

. Derivation:

“The nonassociated and assomated—d:ssolved ﬁacuons of total producuon and the substate level data

published in the U.S. Crude Oil, Natural Gas, and Natural Gas Liquids Reserves teport are used

.to-generate nonassociated dry natural gas production at the necessary substate level, consistent with

the State level dry natural gas production data published in the Natural Gas Annual. These data

.are aggregated to the NGTDM/OGSM regions. For 1993 State level dry gas production from the

Natural Gas Monthly are disaggregated based on the necessary 1992 data to derive similar values

|

'

E-14

- for 1993 within the NGTDM
'Notesg None. - : Y
Umts. Billion cubic. feet.. . . -
Fne.' HISDATA . ‘
- “Varisbles: NSUPSUB ' NGTDMIOGSM onshore region (1 to 17).
o - - . NOCSREG- NGTDM/OGSM offshore region (1 to 3). ) ’ ‘
" - OGPRDNGON Nonassociated dry natural gas production by NGTDM/OGSM onshore region.
- OGPRDNGOF Nonassociated dry- natural gas:production by NGTDM/OGSM offshore region.
S ‘OGPRDNGON
NSUPSUB ’ 1990 ' 1991 - 1992 -
1 - -0.0 - - 00 0.0
2. 1992 - .171.6 161.5
3 1830 " 2179 2175
4 5356 507.6 598.6
5 10.0 11.0 - 15
6 1759 186.5 176.1
{ 7 72.3 - . 758 - 79.1 f
8 " 210.7 258.5 429.2
.9 . 37029 3689.1 - 3576.6
10 248009 - - 24055 . - 2344.2
11 7733 7623 - 7585 .
12 858.0 935.8 1068.1 °
13 2.8 - 27 26
414 0.0 0.0 0.0
(TR 2707 . 2401 - |- 2920
16 - - 4829 . - 551.1 . . 7142 . '
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: OGPRDNGOF
NOCSREG 1990 1991 1992
1. 0.0 0.0 0.0
~ 2 46325 4393.0 4091.0
L3 1 178 1 176 1 354 - |
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o . Table E13

' i

Data: Historical natural gas wellhead pnces by NGTDM/OGSM region. These data are used to ‘overwrite
" final model results for Teport writing and to assign values to the variable referred to as PO, used
- in deﬁnmg the supply curves within the NGTDM over the historical penod

~* Author: Chetha Phang, El- 823 November 1993

Source: * Natural Gas Annual (1990-1992), DOE/EIA-0131, :
. Federal Offshore Statistics (1990-1992), OCS report, MMS91/0068.
U.S. Crude Oil; Natural Gas, and Natural Gas Liguids Reserves, DOE/EIA-0216.
- Annual Energy Review 1992, DOE/EIA-0384(92), Appendrx C for GDP nnphcn price deflators
Natural Gas Momhlv (June 1994), DOE/E.IA-0130(6/94)

‘ Derivauon° Wellhead prices for offshore regrons were’ denved £rom the Federal Offshore Statistics repont.
<, ~ "Wellhead pnces for the east and west New Mexico substate regions were assigned the average New
v " Mexico price. The onshore regions .in Texas and Louisiana were assigned wellhead prices that

when averaged with their associated offshore prices (using quantity weights), would result in the - -

average State level wellhead price reported in the Natural Gas Annual. The. quantity (production)
* -weights for these calculations were taken from the 7. S. Crude Qil, Natural Gas, and Natural Gas
Liguids Reserves report. . Quantity-weighted average ‘wellhead prices by the NGTDM/OGSM
regions were calculated from these data and converted into 1987 dollars usmg an 1mp11crt GDP.
". price deﬂator ' .

\

To denve 1993 regrona] wellhead pnces inthe NGTDM the 1992 NGTDM/OGSM regional prices
-are equally scaled so that the quantity-weighted average natural gas price equals the nanonal.
average publrshed in the Natural Gas Monthly for 1993 (1 63 1987%/Mcf). .

"Notes: - ’I'he final wellhead price for the NGTDMIOGSM onshore region 1 is set to the onshore region 2’s
+ * price, and the offshore -region.1’s price is set to the NGTDMIOGSM regxon 6’s price.

Units: 1987 dollars per thousand cubrc feet
File: ‘HISDATA. e
" Variables: NSUPSUB  ~ NGTDM/OGSM orishore region (1 to 17). C T
Cs . NOCSREG NGTDM/OGSM offshore region (1 to 3). :

"HWPRLAGON - Natural gas wellhead price by NGTDM/OGSM onshore regrons.' .
HWPRLAGOF Natural gas wellhead pnce by NGTDMIOGSM offshore regions.. .,
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' : _HWPRLAGON ‘ ' ,
NSUPSUB | 1990 1991 1992 | .
1 2.06 1.86 1.65
2 2.06 1.86 - 1.65
3 245 221 211
4 1.38 1.16- 1.27
5 1.58 . 141 1.62°
6 275 245 2.37
- 7 196 | 1712 | 159 )
) 8 206 - 1.75 1.79 -
- 9 ] 139 135 | 145
: 10 | 141 1.40 145 .
11 131} 133 1.50 -
12 1.16 . 1103 1.05 . - .
%13 123 . 1:21 . 1.07 B T
14 1.99 - 200 .| 207 ‘ S
" 15 1.49 1.19 1.35 _
16 | 149 1.19 135 a : , ) ,
" 17 2,02 203 - 1.87 o ' S
; - - HWPRLAGOF
-1 - 275 2.45 203
M2 T 163 | 147 143
| 3 —de 1T ou YT
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Table E14 _

+

Data: Historical Canadian natural gas wellhead price and production. These historical data afe used to
-overwrite model results in these years before they are passed to the OGSM and are reported.

Author: - Chethd Phang, EI-823, Novembér 1993,
~ Source: Canadzan Petroleum Assoczauon ' L _ S -, _

) Deriﬁation’ - The Canadian dry natural gas production and wellhead price were obtained from the source hsted
) -~ . above. The Canadian wellhead pnce was converted. into GDP 1987 U. S dollars per Mcf.

- Notes: None

. Units. For pnce 1987 dollars per thousand cublc feet ‘
"4, For volumes: Billion cubic feet. .

. File: HISDATA

- Variables: ‘OGCNPPRD Canadian natural gas wellhead price.
T, "OGCNQPRD Canadlan dry~natural‘gasprqduc;ion.-
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Table E15

Data: Historical natural gas import and export levels and prices, at NGTDM border crossings and
liquefied natural gas (LNG) terminals. These data are used to overwrite model results before they
are sent to the OGSM and are reported.

N

Author: Chetha Phang, EI-823.

Source: Natural Gas Annual (1990-1992); DOE/EIA-0131,
- "Natural Gas Monthly (June 1994), DOE/EIA-0130(6/94). ) .

Derivatmn. Natural gas import and export levels were aggregated from State level data published in the Natural
" Gas Annual. The import and export price data were either directly extracted from the same
publication for a particular State or nepresent quantity-weighted avemges over the appropnate State
* level data,

- To generate 1993 iﬁmn and export data, the 1992 values were scaled to equal total natma] gas
L import and export levels or quantity-weighted average import-and export prices for Canada,
" Mexico, and LNG imports and exports, as published in the Natural Gas Montkly ’

NoteS° For 1990 the ‘natural gas import price -bordering Washmgton State was not published. As a.
placeholder, the 1991 value plus 6 cents was used

Units: . For price:. 1987 dollars per thousand cubic feet. :
-+ For volumes: Billion Cl.lblC feel. :

TFile:’ HISDATA .

Variables: ' MNUMBX  U.S. border crossing index (1=VT, NH, ME; 2=NY; 3=OH, MI, WI; 4=MN, ND;
e - 5=ID, MT; 6=WA; 7=TX; 8=AZ, NM; 9=CA; 10= Japan; 11= Everett, MA; 12=
Cove Point, MD; 13= Elba Island, GA; 14= Lake Charles, LA; 15= Total Canada;
‘ * 16= Total Mexico; 17= Total LNG; 18= Total U S.). .
. . OGQNGIMP Natural gas imports by border crossing. .
T - OGPNGIMP Natural gas import price by border crossing.
-OGPNGEXP -Natural gas.export price by border crossing.

v

-

.ré
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"OGPNGIMP

" ~E-20

1

-

EIAI_Mociel'Doeumentéﬁbn; Natural Gas Transmission and Distribution Mode! Volume |

YEAR [ MNUMBX | CATEGORY/ENTRY] OGQNGIMP OGQNGEXP | OGPNGEXP || -
1990 - 1 ‘ 14512 2.69 0.000 0.00
1990 E 98.217 2.50 0.000 0.00
1990 '3 0.000 0.00 17.284 239
1990 - 4 308.581 © 1.68 0.000 0.00
1990 5 858.313 1.63 0.075 149
1990 - 6 168.441 139 0.000 0.00
1990 7 ©0.000 0.00 - 13.983 1.61
' h%o 8 .0.000 0.00 1.676 214
|19%0 9 0.000 0.00 0.000 000 |
Y1990 - 10 |JAPAN 0.000 0.00 52.546 317 |
11990 11 |EVERETT. MA 53.443 247 0.000 0.00
1990 -12- | COVE POINT, MD © 0.000 0.00 0000 - 0.00
1990¢ 13 |ELBAISLAND, GA 0.000 0.00 - 0.000 000 . .
Ji1990. 14  |LAKE CHARLES,LA| . 30750 166 0.000 000 |-
1990 15. | TOTAL, CANADA 1448.064 168 17.359 238 i
1990 - -16 | TOTAL, MEXICO . 0.000 0.00 . 15.659 1.66 . " ‘
[ 1990 17 . |TOTAL,ING - | . 84193 218 52.546 3.17 " :
11990 18 TOTAL, US' . 1532257 1.71 85.564- 274, | B
| - | . -
[| 1991 1 15796 238 . 0.000 0.00 -
[| 1991 2 188.233 223 0.000 000 " o
1991 3 > L1S51 144 14.751 - 162 |
1991 -4 / 378.492 146 0.000 - 0.00 '
1991 5 890.430 147 - 0.041 146 "
1991 6 i 235.614 128 0000 {000 |
{1991 7 . - 0.000 0.00 58.851 Co149 |-
[| 1991 8 . 0.000 0.00 - 1597 - 188 |
{1991 9 - -0.000 0.00 . 0000 - 000 |-
1991 -10  |JAPAN . 0.000 . - 0.00 - 54.005 '3.15
1991 11 EVERETT, MA 30.312 2.61. 0.000 0.00 "
[| 1991 12~ |COVE POINT.MD 0.000 0.00 .. 0.000. 000 |
[| 1991 13 - |ELBA ISLAND, GA _0.000 0.00 0.000 000 |l
[| 1991 14 - |LAKE CHARLES.LA| ' 33.284 144 0.000 0.00 ‘" o
[ 1991 15 = |TOTAL,CA - 1709.716 153 -t 14792 1.62 . o
[l 1991 16 TOTAL, ME -0.000 . 0.00 60.448 150 | .
fl 1991 17 .| TOTAL-LNG 63.596 - 2.00 s4005 | -3a5,. ||
| 1991 18 |TOTAL, US | 1773312 155 120245 .| 220 " '



‘

{|_YEAR | MNUMBX [ CATEGORY/ENTRY] OGQNGIMP | OGPNGIMP | OGQNGEXP | OGPNGEXP
1992 1 17.248 237 ©0.000 0.00
4 1992 2. 435.470 2.05 0.000 0.00
1992 - 3 38.568 132 67.763 151
1992 4 369.137 144 0.000 0.00
1992 5 " 963.487 139 0014 137
1992 6 . 270477 122 0.000 0.00
1992 7 0.000 0.00 93.408 159
1992 8 - 0.000° 0.00 2565 117
1992 9 0.000 0.00 0.000 . 000, |
1992 10 JAPAN .. 0.000 0.00 52532 . 284 |
’ " 1992 11 |EVERETT, MA ° 30.479 2.38 0000 | 000 .
{1992 12 ' | COVE.POINT, MD 0.000 0.00 0.000 0.00
[| 1992 13 |ELBAISLAND, GA 0.000 0.00 0.000 0.00
{l 1992 14 - |LAKE CHARLES,LA| 12637 143. 0000 | 000 .
1992 15 | TOTAL, CANADA 2094.387 - 152 67.777 151
1992 - 16  |TOTAL, MEXICO 0.000 0.00 95973 - | - 158 . |
1992 17 |TOTAL, LNG " 43.116. 2.10 52532 EXEE
" 1992 18 |TOTAL, US 2137.503 153

216.282 . 2.86 "

" 1993 Inport/Export Data

Canada Mexico Liquefied Natural Gas "
( Import Volumes 2193.678 1.728 81.682
[ Export Volumes 49491 36.824 55952
I Import Prices| © -  1.63 1.55 . I 71 H _
167 i ||

-

l ' Export Prices 166 -,
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Table E16

Data: The price charged for synthetic natural gas produced from coal (curremly only occurring and
expected to occur at the Great Plains Coal Gasification Plant in North Dakota). These historical
. data are used 100} overwrne model results before they are passed to the Coal Model of the NEMS.

Author: Chetha Phang, EI-823, November 1993

. Source: Natural Gas Annual (1990-1992), DOE/EIA-0131
__ Annual Energy Review 1992 DOE/EIA-0384(92), Appendix C for GDP implicit pnce deﬂators
Derivation: - The average natural gas wellhead pnce.m a State is assumed as a proxy for the price of synthetic
. gas produced from coal in the same State. These historical prices were taken from the Natural Gas
_ Annual and converted into 1987 dollars. Since the only coal gasification plant is in North' Dakota
L (NGTDM region 5) only one-regional price is assigned in the NGTDM for this category and all -
‘- of the other regxons are set to zero. For 1993 the 1992 historical wellhead price for North Dakota
. was assumed - .

—

* Notes: None.i
' Units: 1987 doliars per thovsand cubic feet,
File: HISDATA . '

) Variablos.' CLSYNGWP Pnoe of syntheue natural gas from coa] by NG’IDM/OGSM region.

l

' NGTDM - OGSM: Region -
’ 04 -05

P LT ) . 3
' .
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_ Data:

Author:’

Source:

_ Derivation:

T«
‘¢

Table E17

Input data and parameters for deriving electric generation natural gas prices for core, competitive
with distillate fuel, and competitive with residual fuel oil service classes for 1990, 1991, and 1992
by NGTDM/EMM region. These historical data are used to overwrite model results for natural gas
prices sent to the Electricity Market Module, to benchmark the NGTDM core electric generatIon
natural gas prices, and for denvmg parameters for setting noncore prices.

Joe Benneche, EI-823.

.

Natural Gas Annual (1990-1992), DOE/EIA-0131.
Baseline Projection Databook Volume 2, Gas Research Insutute, 1994

Historical natural gas prices for the three categories of electric generation customers aré derived

, within the NGTDM so that the quantity-weighted average price in each NGTDM/EMM region

matches the values published in the Natural Gas-Annual for the years 1990 throngh 1992
(HPGTELGR) These prices were derived based on assumed relationships between these three

categories. " First, for each NGTDM/EMM region the fraction of the price of natural gas to electric

generators competitive with distillate divided by the natural gas price to electric generators
competitive with residual fuel oil is assumed to be 1.3 (HRAT2ELGR). Second, for-each -
NGTDM/EMM region the fraction of the price of natural gas to core electric generation cistomers

- divided by noncore electric generation customers (compeuuve with distillate and competitive with

-Units:

‘

.File: ’

Variables:

ElAIModef'Documentaﬁon: Natural Gas Ttan‘smléslon and Distribution Modlel Volume | E-23

-residual fuel oil) is assumed at a-regionally specific value.. These ratios were based on the
- relationship between comparable variables ZNGPECOSR and NGPEIFCF) in the Gas Research

Insmute s publication (pages 608 and 610).

. t
Fraction or 1987 douaxs per _thousand cubic_ feet,

.

HISDATA . =

HPGTELGR Avemge‘ nami'al gas price to electric . generators by NGTDM/EMM region.

HRATIELGR Assumed ratio (fraction) of core natural gas price to electric generators to noncore

natural gas pnce 0 electnc generators (compeuuve with distillate and residual fuel
combined) ~

‘HRAT2ELGR Assumed rauo (fracuon) of natural gas price to electric generators competitive wnh
distillate fuel oil to those compeuuve wnh resxdual fuel oil (1.3). -

(used to calculate)

HPGFELGR Electric generation core natural gas pnce by NG’IDM/EMM region (assxgned o’

- PGFELGR).
HPGIELGR Eleciric generation - compeuuve with distillate fuel natural _gas price by
« NGTDM/EMM region (assigned to PGIELGR). \

HPGCELGR Electric generation competitive with residual fuel '011 natural gas pnce by

" NGTDM/EMM reglon (assigned to PGC’ELGR) 0




Regions 1990 °. - 1991 1992,
- Ng&w HPGTELGR .| HRATIELGR | HPGTELGR |HRATIELGR [ HPGTELGR | HRATIELGR

1. |223 1947 1.90 1.947 2.20 1.802

2 201" 1574 1.74 1471 1.86 1.816

3 217 1.574 195 1471|205 1.816
-4 1089 2.145 112 1.512 1.07 . 1439 X
“ 5 . 245 2145 190 - . |1512 -11.89 1439 B

' 6 [198 = -|1785 172, 2042 186 -11.000
o7 |se 1785 137 2.042 1.60 1.000 I
A 8. . |453 1595 3.08 1.396 . 2.92 1.389 f
19 231 1.595 2.06 1.396 ° 221 1389 A
» l 10 215 1.595 1.60 1396 . 2.08 1.389 |
o 11269 - 1.843 . 225 2.006 - 229 1.749 (
| 12 164 -]1.843 - 138 2.006 155 {1749 |

13 |192 11495 172 1.816 1.86 1.383

L 140|197 1.495 - 1.78 1.816’ 193 1.383
15 188 1802 j152- 1894 158 1.699 i
16 -.|191 - 1802 - |183 1894 179 . 1699 i

17 |184 - 1.384 138. 2.079 193 1.322.
18 |226 1:505. - |184 - [1396 - 1.90 1389 B

19 195 1.496 . 1.60 1150 1.78 1728

20+ |2.77 1297 ° 2.50. 1.294 232 1422

221 - |140 1.884 098 2.079 - 0.98 1322

. p24
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Data:

-Author:.

Source:

Derivation:

’

<. Notes:
é -

‘Units:

" File:
§

Vayiablos:

Table E18

Natural gas wellhead price in Alaska and landed cost of crude oil in 1989. Used when calculating
Alaskan consumption and wellhead prices in model "forecast” year 1990.

Chetha Phang, EI-823, October 1993.

Annual Energy Review 1991, DOE/EIA-0384, Table 71 and Appendix C.
Natural Gas_AnnuaI 1991, DOE/EIA-0131, Table 45.

“The real world oil price for 1989 was read directly from the Annual Energy Review (AER) 1991,
Table 71." The real wellhead gas price for Alaska in 1989 was obtained by dividing the current
wellhead gas price of $1.36 (Natural Gas Annual 1991, Table 45) by the GDP implicit price
deflator of 1.084 (AER 1991, Appendix C). . _ o

None.

For oil price: 1987 dollars per/barrel.
For gas price: 1987 dollars per thousand cubic feet.

INITDAT

A

WOP89 Iniported'cmde oil refiner acquisiﬁon cost in 1989 (16.68 1987$/barrel).
WPR89 Natral gas wellhead price in Alaska in 1989 (1.25 1987%/Mcf).

!
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Table F1

Data: Assumed minimum level, and 1989 level, of synthetic gas production from liquid hydrocarbons in
Illinois. Assumed forecast level of synthetic gas production from liquid hydrocarbons in Hawaii.

. Author: . Joe Benneche, EI-823.
Source: Natural Gas Annual 1992, DOE/EIA-0131(91), Table 57.
Derivation:l The assumed minimum synthetic gas production level in Mlinois is set at the 1991 level, the
-minimum of the observed production levels from 1987 through 1992. The maximum synthetic gas

* production level in Illinois is set at 50 percent above the level in the previous forecast year. For
1990 (the first model year), the variable SNG89 holds the value for the previous forecast year.

i

: - For the forecast, the assumed level of synthetic gas production from liquid hydrocarbons in Hawaii
"¢s, © ~ issetatthe average of the observed levels from 1988 through 1992. .

é
~ N
- .

Notes: None,

.'Units: " Billion cubic feét,

File: INITDAT = ° o ‘
"Variables: SNGMIN.  Assumed mlmmum level of- synthetic natufal gas production from liguid L
.. hydrocarbons in Illinois., . . : B .
SNGHI '  Assumed level of synthetic natural gas production from liquid hydrocarbons in
- Hawaii.-. - : AT o
SNG89 - . Synthetic natural gas production from liquid hydrocatrbons in Illinois in 1989,

ElAModel ﬁowmenta{ion: Natural Gas Transmission and Distribution Modlel Volume | ., ~ F-1
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CF2

~ Data:
i

_ Author;

Sources:

Derivation:

N Noies:,

Units:

File:

"Varieble:

Table F2

;Consumpuon of "lease fuel" (gas used in well, ﬁeld and lease operations) as a percentage of dry
gas production by NGTDM/OGSM region.

Chetha Phang, EI-823, September 1993.

Natural- Gas Annual (1985-1990), DOE/EIA-013] :
U S. Crude 011 Natural Gas, and Natural Gas qumds Reserves ( 1985 1990), DOE/EIA-0216.

For each year, the lease fuel consumption (by State) and the dry gas producuon (by State/substate)
_are aggregated to the NGTDM/OGSM region level. Lease fuel consumption for the necessary -
subregions within Texas and New Mexico are derived by assuming that the ratio of lease
consumption to.dry gas production ‘is constant throughout the State.. For each NGTDM/OGSM\

. Tegion from 1985 to 1990, the lease fuel consumption as a percent of dry production is computed.
as the lease fuel consumption divided by dry gas production in the region. Finally, the average ,

" - lease percentage is computed over the specified-time_period. For region 1, where there is no dry

_ gas producuon, the percentage was-set to the xeglon 2 value. .

None.‘
_Fraction.
JNITDAT

PCTLSE SUPL Lease fuel consumpuon asa percem of dry gas producuon by NGTDM/OGSM
. ‘region

NGIDM/OGSM | 1 | 2 | 37| a4 5 6-| 7 8 | o ||
PCTLSE_SUPL | 0.030 | 0.030 | 0.032. | 0.030 | 0040 | 0.031.| 0.030 | 0.0%6 | 0032 I
momomoesm [ 10 | un ] 2 [ s ] w [ 15 | e | 7 | "

o d . ,

ElA/Mode] Documentation: Nameal Gas, Transmleslon and Distribution Mode! Volume !



Data:

Author:

Sources:

_ Derivation;

Table F3

Peak and off-peak period gas consumption shares (fraction), by market ty;;e (core, noncore), and
NGTDM region for the residential, commercial, and industrial sectors. _

-Chetha Phang, EI-823, September 1993,

Heating Degfee Day data base from The National Oceanographic and Atmospheric Administration.

Natural Gas Monthly 1985-1990, DOE/EIA-0130.
Data‘ created using PIPEJ CL.PEAKOFF.RCIUSHR.D%]S%]—

For the res1denual and commeraal sectors, the monthly gas consumption by State and year were

first adjusted to reflect estimated normal heating degree day consumption levels. The normal

heating degree day was computed as the average of the heating degree days over 30 years from
1961 to 1990 by State and month. - The method of Ordinary Least Squares (OLS) was used to

estimate these adjusted gas consumption levels, which were approximated by linear equations of _

the difference between'the actual and normal heatmg degree day by State, month, and year. Next,
these State consumption levels were aggregated to NGTDM region by year and peak and off-peak
period. (The peak period is defined to include December, January, February, and March of a given
year.) To compute peak and off-peak gas consumption shares for each of these sectors, the peak
and off-peak gas levels were divided by the annual gas consmnpuon in each NGTDM region and

~ year (1985 to 1990). Finally, the average consumpuon shares were computed over 1985 to 1990

for each 'NGTDM region.

' ’For the industrial sector, o heatmg degree day ad_]ustmem was done to the gas consumption. For

Notes:
hnits:
] File:

Variables:

each NGTDM region and year, the monthly core gas consumption was computed as the annual total
industrial gas consumption times the industrial core share .of the annual total (an approximation
from preliminary data) times the percent of industrial systein sales in each month of the year. “The

monthly noncore gas consumption was computed as the monthly gas consumption minus the )

monthly core gas consumption in each NGTDM region. Finally, the peak versus off-peak splits
were computed as the peak (or off-peak) volume divided by the annual volume, ‘for both core and
noncore industrial consumpuon

None., " _ .
Share (fraction).

FSHARES

NON_POSHR_F Peak and off- peak gas consumpuon shares by NGTDM region for the core -

. residential, commercial, and industrial sectors.

NON PdSHR I Peak and off-peak gas consumption shares by NGTDM région for the noncore

residential, commercial, and industrial sectors.
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Peak and Off-Peak Gas Consumption Shares for the Residential, Comimercial, and Industrial Sectors, by NGTDM

Region and by Market Type
. “ NGTDMRegion . | 1 |. 2 3 | 4 | s | 6 7 8 9 0| 1 12
[ - ° . . ! ,
Residential 0596 | 0607 | 0626 | 0648 | 0641 | 0646 | 0.628 | 0593 | ‘0586 | 0555 | 0.629 | 0527
C—Peak , .
Residential | 0404 | 0393 | 0374°| 0352 | 0359 | 0354 | 0372 | 0407 | 0414 | 0435 | 0311 | 0.473-
C—Off-Peak ~ o
Residential - 0596 | 0607 | 0626 | 0.618 | 0.641°| 0646 | 0.628 | 0593 | 0586 | 0555 | 0620 | 0527
N—Peak 1 : ) . . .I
Residential' - | 0404 | 0393, | 0374 | 0352 | 0359 | 0351 | 0372 | 0407 | 0414 | 0445 | 0371 . | 0473
N—Off-Peak : N _ . , \ .
Commercial | -0535 | 0563 | 0618 | 0576 | 0558 | 0590 | 0522 | 0563 | 0524 | 0.dos | 0519 | 0.2
C—Peak : L . : ,
Comrhercial | 0465 | 0437 | 0382 | 0.424 | 0442 | 0.410 | 0.478 | 0437} 0476 | 0504 | 0481 | 0577 .
C—Off-Peak- - * - T , ‘ 1. :
Commercial -~ | 0535 | 0563 | 0618 | 0576 | 0558 | 0590 | 0522 | 0563 | 0524 | 0406 | 0519 | 0.423.
Commercial 0465.].0.437 | 0382 | 0.424 | 0442 |-0410 | 0.478 | 0437 | 0.476 | 0504 | 0481 | 0577
N—Off-Peak - G R I o N A I N A
Industrial - 0317 | 0461 | 0509 | 0441 | 0.406 | 0386 -] 0341 | 0387 | 0391 | 0374 | 0388 | 0365
C—Peak - N . - " Lo S
Industrial 0683 | 0539 | 0:491 | 0559 | 0594 | 0614 | 0.659 | 0.613 |- 0609 | 0.626.| 0612 | 0635
C—Off-Peak 4 | e o Base )
Industrial 0295 | 0.142 | 0144 | 0220 |"0263 | 0321 |-0299 | 0357 | 0314 | 0327 {.0287 | 0226
N_Peak ~ o . > R ) " . e . . - .
- Industdal - -, 0705 | 0.858'| 0856 | 0.780 |-0737 | 0679’} 0701 | 0.643 | 0686 | 0673 | 0713 | 0774
- || N—Off-Peak . : O S : ‘

C=Core; N L
Note = For the industrial sectex, th

= Noncore." -

e-siuées for 1990 are _co;nputed.



Data:

Author:

' Sources:

- Derivation:

Table F4
Peak and off-peak period electric generation consumption shares, by market type (core, compeuuve
with distillate, competitive with residual fuel oil) for each NGTDM/EMM region.
Chetha Phang, EI-823, September 1993,

N_atkral Gas Monthly 1985-1990, DOE/EIA-0130.

Form-EIA-860, Form EIA-767, Form<EIA 759.

Data created' using PIPEJ CL.PEAKOFF.RCIUSHR.DOélS931

“For each year, ‘thé monthly gas consumption by electric generators by State and plant type were
 first aggregated into NGTDM/EMM regions for each of the three market types represented in the

* NGTDM. Specifically, the following definitions were used for classifying the market types from

drfferent plant types: _ . -

v - core markct is for gas steam and gas combmed cycle turbines ‘

. Competitive with residual fuel oil market is for dual fired steam turbines

- Competitive wrth distillate fuel oil market is for gas turbines and dual fired turbines .

'I'hese monthly. gas consumption levels were then adjusted to match the monthly electric utility

consumpuon published in the Natural Gas Monthly. [All the electric utility consumption in West
Virginia was assumed to be competitive with distillate.] The adjusted monthly consumpuon levels
were then aggregated into peak and off- -peak penod by market type )

For each market type in each NG'IDM/EMM region the peak and off-peak shares were compu{ed
as a fraction of the total electric utility consumption for each type and region. The shares used in

- the model represent an average over the years 1988 through 1990.

Notes:

: Units:;

i File;

Variables:

.Share (fraction).

None,

UTIL_POSHR_F - Electnc generauon core market peak and off-peak period gas consumption
' shares by NGTDM/EMM region.

' . v'_I'JTI‘L_l;"OSHR_I ., Electric generation competitive with distillate fuel market peak and off-peak

.gas consumption shares by NGTDM/EMM region. )

',U;I'IL_POS'HR_C Electric generation competitive with residual fuel oil peak and off-peak gas‘

consumpuon shates by NGTDMIEMM -Tegion.

' ElAModel poeumentaﬁoh: 'Natural Gas Transmleelon and Distribution Model Volume 1 .
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'Electric Generation Peak and Off-peak Gas Consumption Shares by NGTDM/EMM Region and Market Type

0241

NGTDM/EMM | Core/Peak Core/ _Competitive Competitiv‘e. - Competitive (fompctitive
Region . Off-Peak .| w/Distillate | w/Distillate | w/Residual’ | w/Residual
\ : - Peak Off-Peak © Peak " Off-Peak
1 0.047 0953 " | 0072 0928 0043 | 0957
2 0228 0.772 0203 0.797 10.124 0.876
3 0358 | 0642 0.203 " 0797 0154 . | 0846
4 0351 | 0649, 0.183. 0817 0.450 0.550
5. 0217 | 0783 | 0265 0735 0214 0786 |
6 | 0003 | 0997 0.199 0.801 0.148 082 |
2 0186 .| 0814 | . 0177 0.823.. 0.164 0.836 " ‘
8 0333 | 0667 | 0452 0.548 0333 | 0667 . |
9 0333 | 0667 | . 0143 0857 o112 | osss |
10 . 0135 |- 0865 0.072 0928 " 0015 0985 |
I 0000 | 1000 | 0365 | 0,635 0333 0.667 "
1 12 0135 | 0865 0272. 0.728 0.126 0874
13 0224 | 0776 0296 | 0704 | - 0273 0721
i4 . 0264 0736 | 0313 0687 | 0250 | om0 |
15 - 10.195 0.805- | . 0306. | - -0.694 0172 0828 |
16 0220 | o | - os01 0309 | 0323 0617 |
17 - 0232 | 0768 0414 -0.586 0.000 o000 |
18 0236 | 0764 | 0250 ~ 0750 10.267 0.733 - ||
19 0759 - | 0198 0802 | 0216 . | 0784 " .

3

0.257

\

0.743. °.

" 0256

ElAMode! Documentation:, Natural G’-as‘Transmisslon and Distribution, Model Volume I
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TableF5 | «

~

.’

. " ElAModel Documentation: Natural Gas Transmission and Distribution Mode! Volume | F.7

Data: Share of associéted—dissélved gas production in an OGSM region, that was produced in each
associated NGTDM/OGSM region. ‘
Author: Chetha Phang, EI-823, September 1993.
Source: Narural Gas Annual (1938-1991), DOE/EIA-0131_. )
- U.S. Crude Oil, Natural Gas, and Natural Gas Liguids Reserves (1988-1991), D(_)E/EIA-0216.
Derivation: The Natural Gas Annual provides total natural gas production for each State, whereas the "Reserves
' " Report” provides more disaggregated numbers (i.c., some substate values and associated-dissolved
versus nonassociated). Comparable values differ between the two sources and the Natural Gas
* Annual'is considered to be more accurate. Therefore, the required disaggregated values from the
"Reserves Report” are scaled to match the those reported in the Natural Gas Annual. ‘
- Thé NGTDM/OGSM regional splits for associated-dissolved gas production are computed by
dividing the associated-dissolved gas production in each NGTDM/OGSM region by the associated-
dissolved, gas production in its corresponding OGSM region. The values used in the model -
" . represent the average over the years 1988 through 1991. For each OGSM region these shares sum
to 1. . . o :
,,quts: Fiacﬁonz o - g ’ e N -
. File: INITDAT ‘ \
. Variablee SHR_AD17 .Share of associatgd—dissolved gas production in an OGSM region, that is prbducefl
‘ in‘each associated NGTDM/OGSM region. ’
==-= .
NGTDM | 1 2 3 4 5 6 7 -8 9 - |
OGSM S
oasM |1 |1 1 3 5 1 1 2 2 |
SHR_AD17 ‘00000 | 00182 08838 | 00522 | omo2 | oores | 00212 | 00249 | 09633 "
NGTDM/ | 10 1. 12 1. |ia . s 16 7
OGSM * ’ : C ‘ ) ’
floesMm |3 4 5. . 6 J2° -fa- fs 0 |s )
_SHR_AD17 09478 | 07619 08395 | 00000 | o018 | 0235 -| o043 | 1000 |- ‘ ” ‘




Data

Author:

Sources:

Derivation:

‘Notes.
. Units:
. File:

' Va'riable.

Table F6

Share of nonelectric gas consumpuon in a Census Division that is in an associated NGTDM reglon
by sector (residential, commercial,, mdustnal and transportanon) o ‘

Chetha Phang, EI-823, September 1993.

‘Natural Gas Monthly (1985 1990), DOE/EIA-OBO.
Natural Gas Annual 1991, DOE/EIA-0131(91). .
Data created- usmg PIPEJCL.DEMSHR BYNGTDM.DO422931

| For the res1denual, commercxal, and industrial sectors, the momhly,natural gas consumptioh levels
by State from the Nawral Gas Monthly are aggregated to derive annual NGTDM regional
consumption levels and annual Census Division consumption levels. For each year from 1985 to

- 1990 and for- eachk NGTDM region, the regional consumption share of its associated Census
- Division was computed by dividing -the NGTDM regional gas consumption level by its
.comespondmg Census Division consumption level. Finally, an average share for each NGTDM

reglon was computed over the years 1985-to 1990 for use in the model.

' “For the transportation sector, the NGTDM xegxonal gas consumption shares are computed based on

the 1991 gas consumpuon data from the Natural Gas Annual (1991).

>
None

Share (fraction)._' . '

INITDA'I‘ ‘ k S ~'  }

NG CENSHR Share of. nonelectnc gas consumpuon ina Census Division that is in an associated
NG'I'DM regxon, by sector . .

Portion of Consumption in each Cen'snis Region'in each NGTbM Region, for the-Nonelectric Sectors. -

“ Census Division '

" Residential

g Commercml" 1000 | 1.000 | 1.000"| 1.000 | 0850 | 1.000 | 1.000 | 0709 | 0188 | 0150 [ 0201 | 0812
" Industrial 1.000-| 1.000°| 1.000 |-1.000 | 0868 | 1,000 | 1000 | 0813 | 0184 | 0132 | 0187 | 0s16

Note Transportation sector shares are‘based on 1991 consumption levels from the Natural Gas Annual 1991,

‘F8 . .

tEIWodel 'Documentat'iori: Natural 'G’as‘fransmls'slon and Distribution Model! Volume |

1.000 {.1.000 |.1.000 | 1.000 | 0961 | 1.000 | 1.000 0.775 0.105 | 0.039-| 0225 | 0.895 |‘



_ Data:

‘Author:

Source:

" Table F7

Lease fuel, plant fuel, and pipeline fuel consumption as a f)ercentage of dry gas production in North
and South Alaska, as well as assumed values for future production associated with the Alaskan
Natural Gas Transportation System (ANGTS). .

Chetha Phang, EI-823, September 1993, .

Natural Gas Annual (1987-1991), DOE/EIA-0131.
Derivation: The total Alaskan lease fuel, plant fuel, and pipeline fuel consumption levels as a percentage of
Alaskan dry gas production (averaged over the years 1987 through 1991) were applied in the model -
» for both North and South Alaska and for the production associated with ANGTS, with oné
exception. For the pipeline fuel consumption associated with the ANGTS, the percentage of dry
production wds assumed to be 7.5_ percent. ; . T
" Notes: None; -
Units: Fr'a'ction. : _
* File: INITDAT -~ - o
" Variables: AK_PCTPLT Alaskan blant fuel ‘consfnnptidn as a percent of dry brqduction for the categories:
. - " North, South, and ANGTS. . . :
. AK_PCTPIP ' Alaskan pipeline fuel consumption as a percent of dry production for the categories:
! - North, South,-and ANGTS. ‘ , T e
AK_PCTLSE Alaskan lease fuel consumption as a percent of dry production for the categories:
North, South, and ANGTS. : ‘ .. ; s
Supporting Data on Alaska .. 1988 - 1989 “1990 . 1991 Il _
Lease fuel consumption (MMc) | 112404 | 151280 | 189,702 | 166155 | 187,106 |
Plant fuel consumption MMc) | 4278 | 2390 | 2537 | 21720 | 36088 |
Pipeline -fuel éonsumption (MMcf) T 2,109 . _1,961 1. 71,876 1,708 2,597 B
Dry gas production (MMcf) 340,247 | 355,398 373,797 | 381,431 . | 409,381
Plant fuel as a percent of 00126 | 00067 |- 00068 | 0.0726 | 00882
production (fraction) : ) . L
Pipeline fuel as a percent of - ]- 00062 | 0.0055 0.0050 0.0045 ~ 0.0063
production (fraction) - )
Lease fuel as a percent of ) 03303 .| 04257 . | 0.5075 04356 04570
‘production (fraction) 1

VP e T T VAT FTS T e T S e VT T T ey Pty STl 4 e
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Assumed Percentages (presemed as fractions) of Dry Gas Production for Lease, Plant,and Plpelme Fuel Consumpnon .
for the Alaskan Production Categories: North, South, and ANGTS :

4 North | Souh | ANGTS
AK_PCTPLT 0.0882 00882 | oo0882. [
AK PCTPIP | 00055 | 00055 | 0.0750 ‘

AKPCTLSE |. 04312 | o312 | oas2 ||. =
[AKPCTLSE | 04312 | 04312 | 04312 _

P v

Ft0 EiAMode] Documentation: Natural Gas Transmission and Distribution Mode! Volume |



Table F8

Data: Alaskan wellhead to end-use gas price markups for the residential, commercial, and electric
generation sectors and the Alaskan wellhead to lower 48 States border price differential.

. Author: Chetha Phang, E1-823, September 1993, o

Sources: Natural Gas Annual 1986, 1988, 1991, DOE/EIA-0131.
 Annual Energy Revzew 1991 (T able 69, Appendix C).

Denvatlon The end-use natural gas price markups for the residential and commercial sectors in Alaska were
- computed by taking the average over five years (1987 through 1991) of the differences between
‘the end-use gas price (to the associated sector) and the average wellhead price. For the electric
‘genération séctor, the markup was calculated as the average of the differences between the pnce
to electric generators and the average-wellhead pnce from 1986 to 1990

" The difference between the average Alaskan natural gas wellhead price and the pnce at the ﬁrst
-delivery-point in the lower 48 States by way of a future Alaskan Natural Gas Transportation
System was assumed to be $1.00 (1987$lMcf) .

NoteS° The industrial markup is not computed here since the NGTDM model uses an estimated regression
. equation for industrial gas price, specified as a linear-function of total landed costs of .crude oil
1mports “This equation is described-in Table G1.

Units: 1987 ‘dollars per thousand cubic feet. .
' File:” INITDAT B
Variables: ‘AK RM  Alaskan residential atural gas price markup from the Alaskan wellhead,
AK CM . Alaskan commercial natural gas price markup from the Alaskan wellhead.

AK_EM- Alaskan electric generation natural gas price markup from the Aldskan wellhead.-
ANGTS_TAR Alaskan wellhead to lower 48 States border pnoe dlfferenual

. ANGTS_TAR

2183 | - 1236 10219 1.00




Table F9

Data: Canadian gas production volume crossmg the U. S border and. ﬂowmg back into Canada, which is
not part of 1mport/export trade._ ‘

Authior: Joe Benneche, EI-823. A o - y
- Source: Nawral Gas Annual (1990-1992), DOEIEIA~0131 :

Derivation: The Canadian natural gas that crosses the U.S. border in anesota and ulumately flows back to
Canada (by way of Michigan and Momana) is set in the model to 356.401 billion cubic feet in
. 1990 and to 362.861 billion cubic feet in 1991.. For 1992 and beyond, it is set to 486.163 billion
- cubic feet (the 1992 historical level). This volume is calculated as the amount flowing into
' Minnesota from Canada minus the imports into Minnesota. The percentage of this gas which flows
back into Canada through Michigan is set in the model (spemﬁed as a fraction) to 95.4 percent in

‘. T 1990,95.5 percent in 1991 and to 97 percent for 1992 and beyond

Z - N . v -

=0 - -

Note_s' . None,

" Units: Billion cubxc feet and fracuon.

" File; ] INITDAT T

Variables:.- CANFLO IN Canadxan gas volume crossing the US border in Minnesota whlch is not
R : . imported, but ultimately flows back. to Canada, -
- CANFLO _SHR Percentage of Canadian gas volume crossing back into Canada at the u.s. border '

: .in M:chxgan (as opposed to Montana) -

- ¢

. P12 ' . ElAModel Dociimentation: Natural Gas Transmission and Distribution Model Volume |, -
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Data:
' Author:

Source:

Derivation;

. Notes:

““ Units:
' File:

) Vai'ial;les:

Table F10 <

Percent of Alaskan consumption in South Alaska by sector.
Chetha Phang, EI-823, October 1993,

State of Alaska Historical and Projected Oil and Gas Consumption, Alaska Department of Natural
Resources, February 1993; : . . :

The percent of Alaskan consumption in South Alaska by sector was computea based on the

-reported sectoral consumption levels for 1991 for total and Southern Alaska in the referenced

publication.

“The sector number is defined as follows: 1- Residential, 2- Cgmmérqial, 3- Industrial, -

4- Transportation, 5- Electric Utilities.
Fracfion.

INITDAT

AK_PCTSOﬁn{ .~ Percent of Alaskan coﬁsumptidn in South ‘Alaska. .

T '."-AK_PCTSOUTH '10.965 1.000‘.|o.79é .lll‘.OOO 0981 .

" EIAMode! Documentation: . Natural Gas Transmission and Diéhll::ugldn Mocle! Volume | F-13
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NI g Table F11

Data: Multiplicative factor (applied to expected production-tb-res’erve ratio) for setting maximum and
minimum onshore and offshore nonassociated natural gas production.

" Author: Joe Benneche, EI-823.
‘Source: Analyst judgement. - . -

’ L. - ( .
Derivation: In order to constrain the Annual Flow Module and Capacity Expansion Module to realistic
-~ ° _ production levels in all regions,.assumed maximum and minimum production levels were defined
™ as a-percent above or below the expected production (i.e., reserves.times expected production-to-
Teserves ratio).. The maximum was set at 20 percent above the expected producuon and the -
mxmmum was set'at 10 percent below. ‘

¢

., Units: Fraction, . - , .
"File'INITDAT -i‘ E

,'Ya_rieblw PARM MAXPR Rauo of maximum production to.expected production (set at 1.2)
e PARM MINPR Rauo of minimum producuon to expected producuon (set at 0 9).

o
B . - .

P4 | EIAModel Documentation: Natura] Gas Transmission and Distribution Mode! Volume |
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- Data:

Autho;':
~ Source:

Derivation:

Table F12

Exogenous forecgst of other supplemental supplies, specified as a national level with associated
regional shares, )

Joe Benneche, EI-823.

Natural Gas Annual 1992, DOE/EIA-0131(92), Table 15.

Other supplemental supplies are defined as total supplemental gas supplies minus synthetic natural
gas, as defined in the Natural Gas Annual (NGA), Table 15. The national historical levels for the
years 1990, 1991,-and 1992 were taken from the NGA. The 1993 total supplemental gas supplies
was taken from the Natural Gas Monthly, June 1994 (DOE/EIA-0130(94/6) and the 1994 and 1995
totals were.taken from the Short-Term Energy Outlook, 3rd -Quarter (DOE/EIA-0202 (94/3Q).

" Other supplemental supplies for- these years were derived by subtracting assumed values for

* Notes:
. Units:
File:

"Variablw:

Forecast Year

. 1992 (7.66 Bcf), respectively.

None. "’

NGTDM Region
OSUP_ESHR  [0.010 |
7 - ]

‘synthetic natural gas in ‘these years. Synthetic gas from coal was assumed at the 1992 level of

58.496 Bcf. Synthetic gas production levels from liquid hydrocarbons for Hawaii and Illinois were
assumed at the average from 1988 through 1992 (2.78 Bcf) and the average from 1990 through

The regional shares (for deriving NGTDM Tegional values from the national level) for other
supplemental supplies were computed as the average over 1990-through 1992 of the ratio of the
production of other supplemental supplies in a region to the national production level. The .
production levels in NGTDM regions 10, 11, and 12 are zero and were therefore not included in

the variable dimensiops:

Fraction for shares; Billion cubic feet for volumes. "
INITDAT =~ - : -

OSUP_RSHR Other supplemental supplies regional shares.
OSUP_TOT - Other supplemental supplies forecast value, -

S T T+
ozre oo Joos [asi [oms Jooor Jomss oms |

1990. | 1991 | 1992 | 1993 | 1994 | 1995 | 1996-2015

-

| osup_ToT l 56356 | 50603 13690 | 58062 { 58062 | 65062 58062 " e

A EIA'Iquel-l.)oeumenuﬂon; Natural Gas Transmission and Distribytion Mole! Volume | - - F15
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Table F13

Data: Allocation factors fof Straight Fixed Variable (SFV) and Modiﬁed Fixed Variable (MFV).
Author: Pum Kim, Science Apphcauons International Corporauon

Source: fAnalyst Judgemem based on full rate case filing under Secuon 4 of the: Natuml Gas Act, as
' submitted to FERC by each pxpelme company

Derivation: Assumpnons were made based on industry expertme "and actual allocation factors as subxmtted to

' FERC. Based on these factors, an analyst derived line item allocation factors for MFV and SFV.

~ - Line item costs as filed in the rate cases were mapped into FERC Form 2 cost mtegones

"+ . Allocation factors subnutted in the-rate cases were weighted by the respecnve costs to derive cost
S wexghted average allocanon factors.

‘-;thes' None A ..

', Unit: Percentage. .(

File: ALLOCAT.
"Variables: ARF - . Allocation’ factor of fixed costs (transportanon) C
. "AFR - - - Allocation factor of fixed costs to reservation (transportation). - ’
AVR ° .- Allocation factor of variable costs to reservanon (uansportauon)
“.ASF - Allocation factor of fixed costs (storage).

ARV - =1- ARF, Allocation factor of variable costs (transponauon)
AFU . =1-AFR, Allocation factor of fixed costs to usage (transponanon)

) - AVU =1+ AVR, Allocation factor of variable costs to usage (u'ansportauon)

ASV . = 1 ASF Allocation factor Of variable costs (storage)

N e,

‘-‘F-‘ls , ' ~"EIAIModel_DochrﬁeniaQOn:: Natural Gas Transmission and Distribution Model Volume | e



-‘Table F14

Data: For each plpehne company, the gas it transports through each of the interstate plpelme arcs

represented in the NGTDM dmded by the gas it transports in total.

Author: Pum Klm Science Applications Internauonal Corporation.

~ Source: Producuon Data, FORM EIA-176 DATA Natural Gas Annual, DOE/EIA-0131(90).

Key Point Data, FORM FERC-567 DATA, Annual Flow Diagram, (90).

Contract Demand Data, Rate Cases as submitted to FERC by each pipeline company (90).

Map State Data, Pipeline System Map as created by each pipeline company (90).
Derivation: The followmg procedures were performed for each plpelme company
T - Determme all producuon points,

‘ : - Determine all contract demand points. ‘ :
". - Determine all possible paths from production pomt to contract demand point.

each pipeline company ,
Notes: None.

Unit: . Fraction,

File:’ PTARIFF .
Variables: PID Pipeline company ID.
i ENAME Pipeline company name.

PS Fracuon of gas a pxpelme company prowdes to an arc,

ElAModel D;cdmentaﬂoh: Natural Gas Transmission and Distribution Model Volume |

Derive what percentage of the gas will flow from a production point to the deniand point for
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. Table F15 : . N

Data: Average interruptible pipeline service rates in 1989.
‘Author: Pdm Kim, Science Applications International Corporation.

Source: Forn'l FERC-2, Annual Report of Major Natural Gas Companies, 1990. Assumptions based on
’ . industry expertise and actual allocation factors as submitted to FERC.

Derivation: _ Process for deriving avemge annual interruptible pipeline transponation rates: ' .

Process Fom1 FERC-2 data using allocation factors as submmed to FERC. :
. Calculate total revenues into peak demand (D1) charge, annual demand (D2) charge, and
-+ . commodity charges.

. Retrieve total revenues (D1, D2 commodlty) from step 2.

B

’

-Accumulate total contract demand volume by State.
Calculate annual firm volumes. for demand charges.
-' Calculate annual mterrupuble service rate.

A

-sgwew

.. Notes: The 1989 mterrupuble rate 1s sét 10 zero for all arcs not hsted below
Unit:’ '1987 dollars per thousand cubic feet.

' - File PTARFF °

Variablos. . AFM PTAR 1 Average mtermpnble service rates in 1989 for transpomng natm'al gas between
' : . uanslnpment nodes within the NGTDM.

5

H

T AFM_PTAR 1|From |To |AFM_PTARI|From |Te ' |AFM_PTAR.I

1 J1 - Jooos. . |8 .. |4 |oom0 8 |8 . |oow0 -

“1 12 fooi4 - b16 4 . Jooo2 . f9 |8 - |oor0 | ||
2 “l2 loees |3 |5 fooos - [n |8 0070 I
343 oo s |50 oo | fs 0 foor |
s 2. foosi: f6 |5 fooss s fo - ooz ] ‘
14 |2 fooss. - s 6 oo - fo fo oo - |

M2 |5 Jooss™ 6 6 Joos = Jie o ~Jooo = ]
3. 3 floos - {7 |6 foos- - le6: |10 |oo26 |
4 3. foosz -, 14 .17 Joos - |10. |10 o022

{5~ 15 Jooso - e 7 Jooro . -7 |11 joor

d6 |3 Joozzs |7 |7 -jooes g~ |u fooo - |-

43 |4 . Jooo . |8 |7 foess - Ju. f11 Joowo
4 f4--fooo fu |7 foezr Ju ji2 Joow
7 |4 “loow |4 8 o070 | - B
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Data:

Author:

Source:

Derivation;

'
1]

“ Notes:
" Unit:

Filq:

Yariablo's:

Table F16

Initial pipeline expansion cost curve by arc. Capital Costs for Each Arc - Expansion cosL Capital
Costs for Each Storage Region .

Pum Kim, Science Applicétions International ‘Corporétio’n.

Nation Petroleumn Council (NPC) national average cost for expansion of $1.25 for compression,
$1.40 for looping, and $1.80 for new pipe. . ) .

Evaluation of U.S. Natural Gas Storage Operations prepared by Pace Consultants for Gas Research
Institute, GRI-92/0467. . .

Use regional cost for exp'ansioh to derive an average for each region. Apply Tegional differential
to the national average to derive cost at the arc.level. Based on planned storage expansion,
calculate average price of expansion by storage expansion region,
None, . - N
CCOST ($-day/Mcf-mile). .

NODECC ($/Mcf). . .
CCOST *Cost to expand 1 ‘unit (Mcf-mile) of pipeline.
ARCFAC Maximum pipeline capacity expansion factor, by arc,

CSTFAC (1.0 + CSTFAC) is multiplied to CCOST derive capital cost at each arc. This is
_ used to increase or decrease capital cost based on the region of the country.

! ]

EiAlModel Docu;hentaﬂon: Natural Gas fransmitslon and Dl:trlbutlon‘Model Volume | F-19




- F20

- Data:
Author:

Source:

_ Derivation:

"Notes.

. ,Unii: :
_File:

B Vai'ialaiqs:‘

’

Table F17 '

Average distance of each arc and average contract demand at each receiving end of an’arc,

s

Pum Kim, Science Applxcauons International Coxporanon

Production Data, FORM EIA-176 DATA, Natural Gas Annual, DOE/EIA-0131(90)

Key Point Data, FORM FERC-567 DATA, Annual Flow Diagram, (1990).

Contract Demand Data, Rate Cases as submitted to FERC by each pipeline company (1990)
‘Map State Data, Pipeline System Map as created by each plpelme company ( 1990)

Mxlage Calculauon Based on contract demand and Producuon Data.

\

*All of these files were derived from the same sourge as "shares data :

Calculate distance of a plpelme system
Find distance from origin to border crossing into another State
Find distance “from origin to‘contract demand point within same State.

- Find distance from border crossing point to border crossing point in-another State.

Find distance from border crossing point to contract demand point in another State. Since there

‘may be more than one contract demand points,- contract demand weighted mileage wﬂl .

consolidate contract demand points into-one distanice. -within a State,
. Associate each contract demand point to nearest border crossing point in each State.
. Calculate contract demand weighted mileage for each State.
Get production volume and coordinates for each State. :
. -Get contract demand values (annual and daily) for a given'State. _
* Get all possible production source for each contract demand point in a State. .

If more than one supply point exists for a contract demand point, calculate supply welghted miles

for the pipeline from the supply origination point(s) to contract demand end pomt(s) (thls is
lhe contract demand welghted mlleage wlculated earher) :

None,
Distance (miles): cd.nu'ac;demand‘(Bcflday‘).’ T |
MILES I;engthofanarc. -

. CONDEM . Peak day reservation firm contract demand, base year.

- (assigned to vanable PRESV in the base year)

b

. EIA{MO&&! Documentation: Natursl Gas, Transmission and Distribution Model Volume |



Table F18

p— et AN e o e mer g T w——y T T gy

.Data: Base gas storage éapacity shére by region for each pipeline company.
Author: Pum Kim, Science Appliéaiions .Imemaﬁonal Corporation.
Source: . Form EIA-191, Underground Gas Storage Report ,
‘ Derivation: .Each plpelme company’s storage capacity within a reglon was divided by the pipeline éompany.’ 3
C total storage capacity in all regions. - :
Notes: None.
Unit: Fraction.
..c, TFilé: PTARIFF ]
‘Variables: N . Storage regibn. .
.NS . " Share ‘of company storage in the region.
l Pipeline Company : : N |NS _ Pipeline Company -IN|'NS I ,
ARKLA ENERGY' RESOURCES: 4 10041 {QUESTAR PIPELINE CO 8 11.000 " -
) ' |7 {0959 |NATL FUEL GAS SUPPLY CORP |2 |1.000
WILLIAMS NATURAL GAS CO 4 10.623° | NAT GAS PIPELINE CO OF AMER 3 10369 ||
) 7 [03m 4 oas |
COLORADO INTERSTATE GAS' CO |4 -10343 | _ 17 10382 "
) ’ . 8 |0.657 | NORTHERN NATURAL GAS CO 4 11000 |
COLUMBIA GAS TRANSMISSION ~ |2 |0.076- NORTHWEST NATURAL GAS CO 9 11.000
' - ' 3 |0.519 | PANHANDLE EASTERN PIPELINE CO |3- |0.849
. _ . 5 logos |77 7 [o1s1”
CNG TRANSMISSION CORP 2 |0.741 | SOUTHERN NATURAL GAS co 6 |1.000
' ' |5 |0.259- | TEXAS EASTERN TRANS CORP 5 |1.000
EL PASO NATURAL GAS CO - 1111.000 [ TEXAS GAS TRANS CORP 3 10047 |i
K N ENERGY INC . - —- 4 10928 ' 6 |0953
8 10.072 TRANSCONEI'INEI\!TAL GAS PIPELINE |6 |0.030
ANR PIPELINE CO , 3 |1.000 o - o 7 0970
MISSISSIPPI RIVER TRANS CORP - |3 [0.051 | TRUNKLINE GAS CO . 7 {1.000
, , " |7 |0949 |UNITED GAS PIPELINE CO .16 ]0.038
|l WILLISTON BASIN INTERSTATEPL {8 1000 ] . - - ) 7 10962
. " EIAModel Documentation: Natiral Gas Transmisslon and Distribution Model Volume | T F21
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Dat‘a:

" Authors:

Source:

. Derivation

P

4

‘Notes:
. Unit:

- File:

'Variables:

-TableF19 =~ .~ -

" N

'Efficiencies along network arcs. The percentage of gas leavmg point "a" which is corisumed as

pipeline fuel while movmg the gas to, point "b."
Pum Kim and Lauren Busch Science Apphcanons Intemauonal Corporation.

Production Data, FORM EIA-176 DATA, Natural Gas AnnuaI DOE/EIA- 0131(90)

-. Key Point Data, FORM FERC-567 DATA, Annual Flow Diagram, (90).

_Contract Demand Data, Rate Cases as submitted to FERC by each pipeline company (90)

' Map State Data, Pipeline System Map as created by each pipeline company (90)

Namral Gas Annual 1992 pxpelme fuel consumpuon by state.

For each arc, total mnleage of gas transmission was derived based on producuon, commct demand,
and key point. Initial efficiency rates were calculated and then adjusted to insure that the 1990
regional pipeline fuel consumption levels would result when they were applied to the 1990 -
inter/intraregional flows and dlsaggregated into regions using mﬂwge sphts from Table F39. Initial
efﬁcxenmes were calculaxed as .

efﬁcxency 1 0- (((m11es gas travels i m an arc / 100 0 mﬂes) * 0.5) / 100.0)

None o

Fraction; - _ .

INITDAT - -

'NEFF_PIP;E , ' Efﬁcxency along dxstnbuuon arc to nonelectric sectoxs (assumed at 1 0)
" UEFF_PIPE . Efficiency along distribution arc to electric generators (assumed at 1.0)

SEFF_PIPE -Efficiency along gathering arc from supply source to transhipment node
. MEXEFF - -.'.- Efficiericy along arc from Mexican border to export node (set at 1.0)

CANEFF - -Efficiency along arc from Canadian border to export node (set at 1.0)

AEFF PIPE__SCALE93 Multiplicative scaling_ factor to calibrate AEFF_PIPE -to reflect 1993 .
. national historical pipeline fuel consumption (set to 0.884)
rAEFF_PIPE - Efﬁctency along interstate pipeline arcs (shown below)

AEFF_PIPE | AEFE PIPE|. Arc |AEFF PIPE] Arc [AEFEPIPE] -
-0.983 0997 - - 11>7] 0985 [8>12] 0945 | -

0995 | 7>4 | 0972 |19>7| 0995 |o9>12] 0987 |

'0.983 . 8>4 0.990 4>8.1- 0995 11>12] - 0948

0.987 16 >4 0995 8>8 0979 . 112312 0.989

0.980 '2>5 1 0974 ‘9>8 | 0995 [21>12 '0.988

0995 | 3>5 0.995 ‘11>8 | 0975 1>13] 0995

0.992 6>5° 0.976 17> 8 0995 | 2>14 0.995

0.990 556 0.995 859 0980 -|3>15 0.995

- 0.999 6>6 0.896 18>9 1] 0986 |4516 0.995

0974 | ' 7>6 0.968 6> 10 0988 | 8>17 0.995".

0.995 4>7 | 0980 7>11.| 0960 9>18 0.986

0975.. | .6>7-] 0995 8>11 0970 {7319 |- 0995

0.980- 71>7 0992 11>11} 0945 ~'|11>20 0.995 .

0.995 8>7 0.995 20> 111 0995 12> 21 0.995

~
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Data:
Authors:

Source:

Derivation:

Table F20 -

Inier/imraregional flow of natural gas in 1990 by firm and interruptible service markets.
Pum Kim, Science Applications International Corporation and Joe Bennéche, EI-823.

Production Data, FORM EIA-176 DATA, Natural Gas Anriual, DOE/EIA-0131(90).

Key Point Data, FORM FERC-567 DATA, Annual Flow Diagram, (90).

Contract Demand Data, Rate Cases as submitted to FERC by each pipeline company (90).
Map State Data, Pipeline System Map as created by each pipeline company (90).

Annual interstate flow of gas Natural Gas Annual 1990, DOE/EIA-0131(90), Vol I, Table 9.

»Rougli_cstimateé of firm service-flows were derived primarily based on contract demand data.
Interruptible flows were approximated to be, twenty percent of firm service flows. These rough

. . estimates were scaled so that there sum would equal the annual inter/intraregional flow of gas

" Notes:

Unit:
File:

: Varhblé:

' . reported in the Natural Gas Annual 1990. Subsequently significant adjustments have been made
to these numbers to avoid linear program solution infeasibilities as histofical firm consumption -

levels have been modified within other NEMS models.” .

In the future, a more thorough ahalysié will be performed to derive better estimates of the firm and
interruptible market interstate flows. . : ‘

Billion ‘cubic feet
CAPACITY - .
AFLOW_F : 1nterlinuaregional flow of gas under firm service market (in 1990)

AFLOW_I  Inter/intraregional flow of gas under interruptible service market (in 1990)

[ ‘Arc | AFLOW_F[AFLOW_I| Arc | AFLOW_F |AFLOWI| A | AFLOW.F | AFLOW.I
1.1>1 193 39-- | 854 | 513 102 | 9>8 8 | 1 |
251 204. | -5 |16>4| 553 . 112 |11>8] 68 13. |
13>1 13 | 2 |2>5] 72 15 |17>8| 716 42 |-
2>2 | 1397 249 | 3>5| 606 121 | 8>9 | 424 8 |l
3>2 S 555 | 1764 | 353 | 959 | 263 53 |l
5>2 | 1421 284. | 6>5| 1460 |- 627 [18>9| 115 53 |
14>2 81 | 17 556 ] - 8 2 6>10] 266 53|
2>3 6 | 1 | 6>6 | 4649 930 - | 7>11| 460 151 |f
3>3.| 2094 419 .| 756.| 4200 1149 [ 8>11] 143 28
4>3.| 1460 | 626 | 4>7.| , 10 2 -lusnf s |, 13
5>3 | 211 2 |7>7| 2989 508 |9>12] 190 186
6>3 1565 671 | 8>7 |- 44 9 |ns>12| 718 524
3>4 26 | 5 11>7 36 7 {3>15] 291 58
454 | 2232 .| 46 | 4>8 85 17 |19 12 2 .
7>4 | 1160 | 202 | 8>8 | 166 33 f11>20] 2 1]

(Note: Any arc not listed above was assigﬁcd a_ﬂowfv level of 0.0)

Bt T e e e e, p— s g y— ey g7

L.
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TableF21 *° - . - :

Distributor markups for nonelectric core service customers.

Data:
Author: Joe Bennecke and Jim Diemér. EI-823. :
Smj:rce. Natural Gas Annual (1990-1992), DOE/EIA-0131.
B Uripublished Form EIA-176 data as-aggregated by Roy Cass of the Office of Oil and Gas.
. Mamgfaaunng Energy Consumplton Survey: Consumpnon of Energy 1991, (prereleased tables).
: De_ﬁvation. The dxstnbutor maﬂcups for the resxdenual and commercial sectars in each NGTDM region were
i - set at the average regional end-use price. minus the average regional citygate price in 1992,
, Citygate prices for NGTDM regions that are subsets of Census D1v1s1ons were provxded by the
') - OfﬁceofOﬂandGas : .. ) \
“© . .The dlstnbutor markups for the mdustnal sector in each NGTDM reglon were smﬂaﬂy calculsited, .
‘ but represent an average over the years 1990 through'1992. In this case, the citygate prices for the
- NGTDM regions that-are subsets of Census Divisions were set at the average associated citygate
price for the Census Division. Core industrial end-use prices in 1991 were dérived using data
published from the Manufacturhzg Energy Consumption Survey. The 1990 and 1992 core industrial
end-use prices were derived by adjusting the 1991 values by the difference in the 1991 reglonal ’
" wellhead pnoe and the regional wellhead pnce in the associated year.
Unit: '1987 dollars per thousand abic feet.
" “File: .DTARIFF S
Variablés: DISTO
NGIDMRegion - | - Residenid | . -Commercil = | . Industrial
PR RS I 3 2.23 015
.2 ' 327 - |- am | o038
'3 I T . 000 . |
4 17 0100 - | 009 |
5 287 | i | 000 |
6 218 T o odo |
- 7 225 : 117 ol ear
" .8 w6 | 1 0 oa
I 9 2.79 o 180 | o33
10 53 - | 196 0.00
11 T30 13 . | o4 1O

F-24 .
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Table F22

bata: ‘Storage efﬁcienc;es (i.e., fraction of nat;xra] gas injected that can be withdrawn at a later date)
Author; Joe Benneche, EI-823 ’—
'Sources: Analyst Judgement \
Derivation: '.Efﬁcieqcy temporarily 'set to 1.0, . -
Notes: In actuality, loses occur in the ‘storage" pr&%s. This ﬂumber will béresearched and revised in the
future, ' . ,
Units: Fraction - - .-
Jomewma s “
4 ‘Variables: EFF_STR  Storage efficiency
e E1AMode! Documentation: ‘Natural sas_Traﬁsﬁlsslon and Dis.tri.bAution'Model Volume | - F25 -
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Date:
Author

Source:

"~ Derivafion:

JORTEIUUPG RIS . e m e e—

 Table F23 .,
Assumed pricing parameters for the noncore electric generation sector.
Joe Benneche,' EL-823, = - - ~ - ‘ y L

N

Denved estimates of electric generation natural gas prices for the competitive thh residual fuel 011,

categories for 1990 and 1991.

Purchase prices to electric uulmes for resxdual fuel oil by Census D1v131on in 1990 and 1991 were
taken from a database used in the Petroleum Market Model. .

The Census Dmswn level prices for residual fuel oil were assumed for each NGTDM/EMM region

- contained within a Census Division. NGRATMAX was calculated as the competitive with residual
fuel natural gas price divided by the residual fuel price, averaged over 1990 and 1991. For_

. .NGTDM/EMM regions 2, 3, 13, 14, and 20 the resulting’ values were adjusted. . The similar

variable (UDPD1) setting the assumed relationship for the’ competitive with distillate natural gas

pnee to the dlsullate fuel pnce was assumed at 0.80 for all but the 21st NG’IDM/EMM neglon

“Unit: Fracnon - i R '\ Cee
: Fﬂe--DT'ARIFF P A
Vanablw “ NGRA’I'MAX Assumed relauonshxp -between mnatural - gas pnoe to electnc utilities, in the‘
.. ‘ competmve with tesidual fuel oil category, to the. residual fuel oil price
L * . UDPD1 _ -Assumed ‘relationship * between natural gas price to electric utilities, in the
T o compennve with distillate fuel oil category, to the distillate fiel oil pnce ;
: 1 Sl 087 ~ ~ - - 080" -
2 e : 080 - R
N N TS B 092 1 080 : |
' 4 - i 039 : ' - 080 " |
N s ) 0,65 ' - og0 .. |
- 6 N T . 080 .
‘ 7 L 091 . 080 - A
. 8. - 10 . ;080 - :
1 " 9 : : o090 -~ - |- _ o080 ‘
: 10 R 0.50 ‘ 080 -
. n N N 1.01 - - 080 ‘ '
. : R 075 : : : 080 \
- 13 B 09 | - o080 i
’ ~ - I o om ' \ 0.80 :
~ is o471 - 080 -
: <16 - oss R I 0.80
- - 17 - 030 - |- 080 . .
" B | ' o.§i . . 0.80 ‘
' : 19 - o043 - . ' 080 ‘
: 20 - O _ 0o ) . 084 il
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Duta:
‘Author:

" Source:

berivatiom

Notes:

, Unit:

"File:

o Variables:'

Table F24

FERC Order 636 transition costs by pipeline company and other transition cost parameters.
Jim Diemer, EI-823

Federal Energy Regulatory Commxssxon (Memo from Elizabeth Moler to Representauve John
Dingell, "Response to Chairman Dingell’s Questions Regarding Various Aspects of Order 636,
March 16, 1993) and General Accounting Office (Natural Gas: Costs, Benefits, and Concerns
Related 10 FERC s Order 636, Washmgton, DC, GAOIRCED-94-11 November 1993)

Transmon costs consist of gas supply reahgnment (GSR) costs and purchase gas adjustment (PGA
or account 191) costs. - Transition cost data was extracted from the Restructuring Filings the
_ pipeline companies provided to the Federal Energy Regulatory Commission (FERC) to comply with
" Order 636."In some cases, FERC staff and GAO staff have revised the pipeline submissions to be
more in line-with what they believe will ultimately be approved by the Commission. EIA did not
- manipulate the.data in any way. It assumes that these costs will be fully recovered. In Order 636
and in subsequent hearings, FERC has indicated that the gas supply realignment costs are to be
. recovered over a 4 year period and the purchase gas adjustment balance account would be
recovered over a 1 year period beginning with the 1993/1994 heating season. EIA assumes that
it will take slightly longer to recover the costs because of small number of transition costs actually
approved by October 1, 1993. Therefore, it is assumed that the PGA balances will be recovered
over 2 years and the GSR .costs will be recovered over 5 years beginning in 1994, Additionally, .

it is assumed that mterrupuble customers wxll be responsible for paying 10 percent of the GSR
‘costs. _ i _

'I’he data need to be updated as the actual transition costs are approved. The collecuon schedule
- may need to be revised based on the expenenced gained as the mdustry begins operating under the -
Order in November 1993. : .

Millionsof1993dollars T

P’I‘ARIFF (ANUM191 AGSRCOSTS, and PNEWFAC) and RDESIGN (A191YRS GSRYRS
SHARE GSR_F, and NEWCOSR_PER) .

AI191YRS . Number of years Account 191 costs are gssumed 1o be collected

- - ANUM191 Transition costs-associated with Account 191 -

AGSRCOSTS  Transition costs associated with GSR charges -

SHARE_GSR_F Fraction of GSR-transition costs assigned to firm.s service customers

-GSRYRS *Number of years GSR costs are assumed to be collected _
NEWCOST_PER Depreciation period for new facilities required for compliance with Order 636

" PNEWFAC Transition costs associated with new facmues xequn'ed to comply with Order.

636

. PSTRANDED  Cost related to pipeline company physical assets for bundled services that are

no longer needed in an unbundled environment. For comphance with Order -
" 636.

-~
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Order 636 'Trax_lsit.ion Costs i1993 Dollars)

"0

Trailblazer Pipeline Co.

v

F28 . .7

© ElA/Mbdel Doéumentation:' Natiral éaé Transmission and Distribition Model Volume |

o]

] Purchase Gas

. o Adjustment Gas Supply .
Interstate Pipeline Company Account Balance Realignment Towual
Algonquin Gas Transmission Co. 0 >0 0
ANR Pipeline Company ’ : 0. . 235,000,000 235,000,000

| Ak, inc.” ' 100,000 ' 30,000,000 30,100,000 |

|| cotorado eroans Gon o 0 6,000,000 6000000 |-
. CNG Transmission Corp. 80,000,000 34000000 | 114000000 |
Columbis Ges Transmissién Corp. ‘ 175,000,000 0 175,000,000 - ||
Columbia Gulf Transmission Corp. -0 0 |- 0 ||

iEasz'rennesseeNauualGasCo 0 ) ol-.. 0 "
El Paso Natwral Gas Co. 0 0 ' o |

" Florida Gas Transmission Co. -0 .| - 7 54,000,000 54,000,000 " |
Great Lakes Gas Transmission Co. 0 L0 0 ||
KemR;verGasTransmxss:onCo -0 L0 Lo |
'K-N Energy, Inc. 0 250,000,000 250,000,000 h

|| ‘Midwestern Gas Transmission Co. ) 0 0 0

’ " Mississippi River Transmission Corp.- 0 25,000,000 25,000,000' "

|| National Fuel Gas Supply Corp. 0 0 ol -

|| Natral Gas Pipeline Company of America o | 5500000007 - 550,000,000

| Northern Border Pipeline Company ‘ ‘ .0 0" 0

|| Northem Natiral Gas Co. "0 0 o)
Northwest Pipeline Corp. 50,000 19,936 - 69,936 "

Il Pacific Gas Transmission Co. i 0 0 0.
Panhandle Eastern Pipe Line Co.” 20,000,000 50,000,000 70,000,000 “ |
Questar Pipeline Co. | "0 0 . 0 "
‘Southern Natural Gas Co. 0 476,000,000 476,000,000 "
Tennessee Gas Pipeline Co. | 123,600,000 | . 442,000,000 565,600,000 |
TETCO - ’ 84883975 | . 550,000000 | . 643,883,975 ”
Texas Gas Transmission Corp. ) v .- 0. - 175,000,000 175,000,000 “

"0



[ - Purchase Gas ]
N , Adjustment - Gas Supply ]
Interstate Pipeline Company Account Balance Realignment Total
Transcontinental Gas P. L. Corp. . 0 0 0
Transwestern Pipeline' Co. . ‘ 14,400,000 16,500,000 30,900,000
Trunkline Gas Company’ . 15,000,000 10,000,000 25,000,000
: || United Gas Pipe Line Co. . 76,900,000 21,000,000 | © 27,900,000

" Williams Natural Gas Company ‘ o 18,000,000 | . 30,000,000 } - - 48,000,000
‘Williston Basin Interstaté Gas Co. .1 . ol 200000 | . 2000000 |
Wyoming Interstate Natural Gas Co. - - | | 0. o| 0 ||

Il Other Pipetine Companies T 5,134,857 230,440,000 235574851 |
Total Industry Costs e + ~543,068,832 3,213,959,936 3,757,028,768

Source: "Costs, Benefits, and Concerns Related to FERC's Order. 636, General Accounting Office, Washington, DC, November 1993.

”

< , N ‘ {
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Table F25

Data: Emissions factors for natural gas pipeline compressofs.
Author: Chetha Phang, EI-§23.

Source: Envxronmental Protection Agency, "Compllauon of Air Pollutant Emission Factors", Fourth Edition,
. AP-42, September, 1985, p. 3.2-2.
Emissions of Greenhouse Gases in the Umted States 1985-1 990, DOFJEIA~0573 September 1992,

'Derivation' An average emission coefficient vector was denved for each emission type represemed in NEMS,
S " using coefficients for different types of -compressors and the 1990 national composition of

, COmpressor capacity (i.e., 23 percent reciprocating éngine and 77 percent gas turbines). Emissions
Tfactors for the production of carbon monoxide, sulfur oxides, and nitrogen oxides for the two
. -engine types were taken from the Environmental Protecuon Agency publication and weighted on
s, . these percentages to obtain-an average emissions rate-for all engine types. The methane emissions

: S ratewas assigned as 90 percent of the hydrocarbon emissions rate, also sighted in this pubheauon,

ang the’ remmmng 10 percent was. attnbuted to the volanle orgamc compounds category.

I The total carbon emissions level for 1990-was taken from the EIA publication. The emissions rate

, for carbon dioxide was derived algebraically. The contribution of the other emissions compounds

- containing carbon to this total carbon emissions level was determined by multiplying the pipeline .

fuel consumption level in 1990 by the emissions factor for the compound and by the percent of its

‘molecular weight attributable to carbon. The remainder was assuined to come from carbon dioxide

o ., .- emissions and was denved accordingly, usmg the relative molecular wenght of carbon in wrbon :
ST dxoxlde . , . . .

.. Umt. Thousand pounds of -emissions per bllhon cublc feet of pxpehne fuel consumed.

File. INITDAT

. Vanables. ‘EMISRAT Thousand pounds of emxssmns per bllhon cubic feet of pxpehne fuel consumed per
- . s emlssxon type.

| TomtCabonccy =~ . | 3es18

Il Carbon Monoxide (o) - N TR '
1l Carbon Dioxide (c02) S T 1187282 _

Sulfur Oxides (SOX) -~ - . - - log - T ,

Nitrogen Oxides (NOX) = | 10130

‘Volatile Organic Compounds (VOC) 340 ,

Methane (CH4) . - v v 2500

Particulates . . 0.0

'
€
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Table F26

Data: !Storage exbénsion factors and associated costs.
" Author: Phyllis Martin, EI-823.
" Source: - An'aljrst judgment.
Der,ivatipn. Based on maps of the Umted Stales indicating salt cavern creations and depleted wells within each

region,

Notes: Factors act as multipliers of ex1st1ng storage capacity to arrive at potenual mcremental capacity
through 2010, up to a maximum potential level

Unit: Muluphers and 1987$lMcf
° "Filee PTARIFF .
‘Variables: NODFAC Potenual incremental addmonal storage capacity expa.nsmn, defined as a muluple

. of the currently existing storage capacity. :
~NODECC . ‘Unitized cost to expand at the corresponding storage level

s

NODFAC. | NODECC
“ - 1 03 | 300 |
2 .
-2 . 200 s20 -
" I 100 | s |
3 - —
2 200 | a0 |
| 4 1 100. | 400 - |, ,
1 050 | 400 || ,
' " - 1 200" ° |
: 2’ 500 | 823 |
1 1.00 3.52- ,
’ 2 200 | a0 | T |
1. ,0.25 3.00. : T
i 2 | 015 a00 -f- I ..
9 1 100 |. 424 . & - ‘
10 . - |
11 1 | 033 | .424
12 - 1 | 025 | 400

EIA/que}'Dc;cur‘hanmﬁoh: I}l'atura‘l Gas Transmission and Distribution Model Volume | F-31 _
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Data:

" Author:

Sonrce

Derivation:

Table F27

Transportatien (compressed natural gas vehicle) sector pricing parameters.
Joe -Benneche, BI-823.

State taxes from The* Clean Fuels Report, April 1993,
“Federal tax from Octane Week, Volume VIII, Number. 13, August 9, 1993.
The other paraineters are based on.expert judgment. )

An average state tax for each NGTDM region was derived/b_y averaging the xe;;oned state taxes
in each region, weighted on the number of commercial sector customers in each state. States which -

. will be charging an annual flat fee were not considered. The federal tax rate for compressed

natural gas is quoted at $0.4854 ‘(1993$/Mcf) in the source. This figure was converted into 1987
dollars by dlvxdmg by 1.235 ‘ ) :

“The maximum price of compressed natural gas is'set relative to the price of gasoline to commercial
Customers (in equwalent units), and is assumed in the model to be 0. 90 for all regmns

>

The cost of- dxspensmg compressed natural gas at a retail station was pamally based on an uncnable

- ..study that estimated the markup required-to cover the incremental costs of installing compressed

natural gas dispensing equipment in an existing convenuonal gasoline outlet plns the monthly costs

oo of the outlet pnor to the installation of the new equ:pment.

Notw '

Unib

Flle'

o=

Variables:’

See Chapter 6 for more detalls on how compressed namral gas for vehicles is pnced.
Fracnon or 1987 dollars per thousand cubxc feet. ) ‘ |
l_),TARIFF

STAX - ) ‘Approxlmate average slate tax for compressed natural -gas consumed in vehicles
- * in each NGTDM region stamng in 1994 [Ongmally this value is assigned to'the
variable TSD2] -
FTAX - ‘Federal tax for compressed namral gas consumed jn vehicles stamng in 1994,
s " - (80.395 1987$/Mcf). [Originally this value is assxgned to the variable TFD2] |

" "PERCDISC" '~ ‘Assumed ratio of the compressed- natural gas maximum price to the commercial

e " . motor gasohne pqce (in eqmvalent umts) [Ongmally this value is ass:gned tothe- .

GIDM
egion

- variable TPD1] 4
REI‘AIL .COST Cost of dispensing oompressed natural gas for vehxcles ata retall outlet (sel at .
' $0.30 1987$/Mct) ..

)

=m§=
5

foTax

1359 | 0736 [0.681 | 1.164 | 1.086 | 1.015 | 0.916 | 0.991 | 1316{ 1.051 [ 0.514 [ 1.051 |

"gj-:Rcmsc ‘09 | 09 1 09 |09 ] 0909 09] 09| 09 09|09 oo

F32
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Data:
Author:
Sources:

Derivation:

" Notes:
Units:

., File:

Variai)les:

- Table F28

Share of Canadian and Mexican exports transported via the firm service network.
Joe Benneche, EI-823
None.

These shares were not based on real data, but were set based on model conveniences. This will
likely be modified in the future. .

" None, - o

Fr_action .

INTTDAT .
CAl;‘I;'-'RIVII'I'R_SHR‘~ Share of exports to Canada transported via the firm 'service ‘market

" (assumed at 0.0)

. MEXFRMITR_SHR = . Share of exports to Mexico uansponed via the firm service market

e g amae g o ae = Er s oam 4 i sy v v e v ey — g

. (assmnedath)
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K o - ‘Table F29

Data: Pricing parameters for core electric generators.
" Author: Jim Diemer, EI-823; ) . ' ‘
Source: Analyst judgment.

Notes: The core markup consists of a minimum markup (URFLOOR) and a benchmark factor. The
benchmark factors are linearly phased down to URFLOOR + (UBENCH * UBENPER) begmmng.
in the first year of the forecast for UBENYRD years thereafter

Unit: UBENPER  fraction = . g . )
* UBENYRD number of years . N
" URFLOOR = 1987 dollars per Mcf
File: DTARIFF . P
Variablest TILT - "~ Reserved for later use, currently set to zero (also UTILTL,UTILT2Y,UTILT2) . - . .
«. " UBENPER _ The.amount (fraction) the benchmark factors are reduced over the period -
S .~ UBENYRD, [UBENPER st equal to 0.50] -
_ UBENYRD, . The length of the period (years) the benchmark factors are reduced by UBENPER,
) , ". " [UBENYRD setequal to 6]
K e URFLOOR : The minimum mark-up for distributor semces for core electnc generators (dollars
: . - per Mcf), [URFLOOR set equal to $0.03 in all NGTDM regions]

s
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Data:

Author:

Source:

Dérivation:

Table F30

Peak and off-peak parameters for natural gas production and expons and Canadian gas that passes
‘through the United States and back to Canada. ~

Joe Benneche, EI-823.

Natural Gas Imports and Exports, (for the four quarters of 1990), prepared by the Office of Fuels
“Programs, ‘Office of Fossil Energy, DOE.

© Natural Gas Monthly, DOE/EIA-0130(92/11). _

Analyst judgement. Historically based shares wére derived using monthly data for 1990,

The derivation of vaiues for SUP. _PKSHR are described below. These values were also assigned - .

to variable SUP_PUTILZ. SUP OUTILZ was set equal to 1 - SUP_PUTILZ.

’

Domestlc onshore and offshore productlon

State level 1990 monthly natural gas production from the Natural Gas Momth were smnmed into

" the relevant NGTDM/OGSM regions. (Necessary state splits and onshore/offshore splits were

based on'annual data from ' FORM EIA-23.) These monthly data were used to derive peak period
producuon shares for each onshore NGTDM/OGSM regxon and each offshore reglon

Canadlan and llquefied natural gas lmports

Monthly imports of natural gas in 1990 for each of the NGTDM entry points were mlculated by’

-summing the imports into the relevant cities as reported in Natural Gas Imports and Exports.

" These monthly data were used to derive peak period shares for each NGTDM entry point with

' Notes:

Units:

File:

imports in 1990.- Entry points with no current flows were assigned either the average Canadian or

. the hqueﬁed natural gas import peak penod share, as appropriate (34 and 41 percent respectively).

Categories of supphes (or exports) with assumed peak period splits (not based on hlStOl‘y)l .

- natural gas exports (EXP_PSHR, assumed 50 percent flow in peak period, all borders) -

- synthetic natural gas'from liquids (assumed 33 percent supplied in peak period)

- other suppleméntal supplies (assumed 33 percent-supplied in peak period)

- Mexican imports (assumed 34 percent flow in peak period, based on pea}. penod supply in

~ NGTDM region 7)

- Alaskan Natural Gas Transm:ss:on System (assumed 35 percent flow in peak period, -based on
peak period imports into. NGTDM region 9) ”

. - Canadian natural gas flowing through the United Stetes to Canadian markets (CANFLO_] PFSHR

assumed 70 peroent flow in peak: penod)

In future years,'a more thorough analysxs will be made of seasonal supply trends over recent years

- to improve on these data, and to potentially offer ms1ght into how seasonal supply avaﬂablhty

mlght Shlfl over time in the future.
- . ¥

Fraction.

CEMDATA
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'Variables:

s

SUP_PUTILZ ~ Maximum share of "variable" supply sources available during the-peak period |
. by supply type and by NGTDM or NGTDM/OGSM region.
SUP_OUTILZ Maximum share of "variable” supply sources available during the_off-peak

period by supply type and by NGTDM or NGTDM/OGSM region

SU?_PKSHR Share of annual "fixed" supply sources available during the peak period by

. ) supply type and by NGTDM or NGTDM/OGSM region
EXP PSHR " °  Share of annual exports in peak period by border crossing

CANFLO_PFSHR Share of Canadian | gas flowing through the United States to Canadian markets

whlch travels durmg the peak penod

[Note A "variable” supply source is def’med as one that is allowed to change in response t0 a -
chdnge in the natural gas price within the CEM, unlike a "fixed" supply source. The three
"variable" supply sources in the CEM are onshore and offshore producuon and synthetic natural

" gas pmdumon from liquid hydrocarbons]

1 PR
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Data:

" Author:

Source:

s 4

“Vairiables: * STR_UTIL’  Maximum annual storage utilization (set to 1.0 for all NGTDM regions)
STR _FUTILZ Maximum utilization of storage by firm service customers (set to 0.85 for all -

e Y~ 2

rNotes:

/

'Unii:

" File:

RS sl any”Sadii il ny i o e S T g O o TR O e e IR AT T R b

Table F31

Annual and seasonal utilization factors for underground storage.
Joe Benneche, E1-823.

Analyst judgment.

. Storage capacity 1s defined within the NGTDM as working gas capaciiy, (i.e.,:the volume of gas

which is available for-delivery). The current model does not represent gas which is injected and
withdrawn in the same period. The model only represents that gas ‘which is injected in the off-peak

- period.to be withdrawn in the peak period. The limit imposed on this’ quantity in the model, on
- an annual basis, equals the working gas capacity times the maximum annual utilization factor |
' (STR_UTIL, set to 1.0 for all regions). In addition the storage use by the firm service customers

in all regions is limited to "85 percent of the working gas capacny, to insure that mtermpuble

service customers bhave some access to storage

CEMDATA

NGTDM. regxons)
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Data:

Anthor:‘

Source:

- Derivation:

- . "Units: .
File:

Variables:

"Table F32 -
Share of the previous forecast year’s firm and mterrupuble flow along an interregional arc which
is used to set the nummum firm and interruptible service flows for the current forecast-year.
Joe Benneche, EI-823.

Analyst judgment.

These parameters are meant to.reflect the inertia in the system due to such factors as long term -

commitments (e.g., contracts) and are a prime candidate for sensitivity testing. All of the minimum

interruptible service flow constraints in the linear program are set to the previous year's flow times-

"0.20. Initially; all of the minimum firm service flow constraints in the linear program were set to

. the previous-year’s flow times 0.80. However various test runs indicated a need to adjust this
- factor for some of the more downstream arcs in the network as follows 2->1=0.70, 8->12.0.60, .
g ,~9->12 045, ll->12 060 and 6->10 0.10. -

Fracnon-‘ B
INITDAT

APCT, MINF Factor to-define minifmum mterxeglonal firm service flow -

) _APCI‘ MINI Factor to deﬁne mmmum mterregtonal interruptible semce flow

~— - "

-
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Table F33

Data: Existing and planned storage capacity by NGTDM region.

~ Author: Phyllis Martin, E1-823.

Source: EL@\ Form-191 "Underground Gas Storage Report” for existing capacity. -
Various natural gas industry publications for annonnced capacity addition projects.

Consultation with an industry expert.

Derivgﬁo'n: Existing capacity was-compiled from summations of Form-191 data

were compiled from announced storage expansion projects.

Units: Million cubic feet.

"Variables: B

B

GSCT-

BGSCNT

ASET

- - WGCT
, . WGCNT

WORKT _
 PNEW_STRX Annual planned storage capacity additions by region g

., Filee CAPACTY

Base gas’ capacity-jurisdictional by region

Base gas capacity-nonjurisdictional by region
Base gas capacity-total by region :
Waorking gas capacity-jurisdictional by region

" Working gas capacity-nonjurisdictional by region

Working gas capacity-total by region

by.region. Capacity additions = .

GTDM Region| 2 | 3 4] s 6 .| 7 8 9 | 1 | 12 |
- [Bescr 419376 [522601 [313939 |348750 (131736 |407212 | 155629 [ - 3201 | 15000 of
" [BaseNT | | 47197 [sosas0 |"eass2 | 37170 | 23703 333555 | 74873 | 21300 5204 2a30as | -
BaseT " lases7s ast1s1 [sassar [38s029 [150430 |ra0767 | 230502 | 24591 | 20208 | 243005 || o
'tzccr __ [268885 [551097 (278474 |175044 143340 [358623 | 381859 | 6500 | s3s00]. o |-
GCNT . | 82477 [754266 | 44237 | 26430 | 31011 |ad6954 | 88204 | 12800 | - 20796 | 228163
tVORK’Ij 351362 1305363 (322711 |204674 |174351 (805577 | 470063 | 19300| 74396 [ 228163 l
NEW_STRX o , - ' '
19911 6200 3000|- -0 o| - -0l 10000 0 0 0 0
19921 0 7200-| 15000 | = o] 3000 | 42700 | - 30000 o~ 0 0
1993 -0 | 45000 | 0. 0] .6500 | 41000 0 0 ~0 0
| 1994 11000 o] .o| o 4700 o 5300 0 0 0
199 0| 3900 o] .o| 80| -0 ol o 0 0

, EWModp'l Dc;euinenmlon: — Naturat Gas .'_l’tansml_ssfon and Distribution Model Volume | " Fa9

e e e e et ———— =




- Data:

Author!

Source:

Derivation:

Table F34

Maximum seasonal interregional pipeline unllzauons for, peak and off-peak periods and for ﬁrm
servxce in the peak period from transh:pment node to transhipment node.

t

Joe Benneche, EI-823.
‘Analyst juhgmem.

For most arcs the maximum peak firm, total peak, and total off-peak utilizations were set at 0 80,
0.99, and 0.75, respecuvely The arc going into Florida' (NGTDM region 10) was treated specially
due to the fact that the national off-peak period is really a peak period in Florida. To best facilitate
{the representation of Mexican imports in the linear program, the associated arcs have been assigned
amanmum utilization of 1.00 for peak firm, total peak, and «total off-peak.

: Future work \_mll be done;on denvmg beuer representauons for these utilizations based on available

: Fraction. =~ .., ", : e :

CEMDATA

: ARC_PUTILZ Mammum utilization during the peak period between transhipment nodes

‘ \ .ARC ' PFUTILZ Maximum utilization for ﬁrm servxee in the peak period 1 between transhipment

F-40 -

nodes
ARC -OUTILZ Maxxmum utilization dlmng the off peak penod between txansmpment nodes

T

-
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Data:
Author:
Source:

Notes:

Unit: ]

File:

- Variables:

" Table F35

User specified parameters for deriving interstate pipeline transportation rates.

!

Jim Diemer, EI-823.

Analyst ju&gment. '

-

RADYJ is used on]y in the first year of the model runs. In subsequem years, itis updated based on
model results

Fraction,
"RDESIGN -
.RADJ _ An éstimat;e’of the ratio of the average interruptible transportation rate to the
L maximum approved-interruptible transportation rate in 1990 :
IEXPT The assumed average annual growth rate for the volume of interruptible gas moved . -

o * on the interstate pxpelme network
MAXESC . The assumed maximum annual escalation rate for pipeline tariffs ‘
LFAC .  Load factor for deriving the maximum interruptible transportation rate
MAXDISC_1 User-specific fraction defmmg the mtem:puble transportation rate as a fraction of
the maximum mtenupuble rate . .

" EIAMModel Documentation: Natural Gas Transmission and Distribution Mode! Volume | Pt
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Data:
Author:

Source:

"Derivation: '

) Notes:

A'A - Unit:

»File:

Variables:

F-42

" TableF36 S

Short-term nonelectnc demand elasticities by sector.
Joe Benneche, EI-823
Ana]yst Judgmem.

Only the mdustnal sector elasticities have an apprec1able impact on hmmng the number of

iterations of the NEMS system. These. elasucmes were set to values that seemed to help the NEMS
convergence effort. . .

/

These elasticities do not need fo be accurate.” Their only purpose is to speed convergence of the

NEMS system. Theoretically, the closer they are to the implied elasuemes in the represented -

NEMS demand model, the sooner the NEMS will converge
Not apphcable.

M’I‘DAT"

NONU__ELAS_F Demand elasuc:ty for nonelectnc, core service customexs (cmrent]y setto O for |

all sectors)

NONU_TELAS I Demand elasticity for nonelectric, noncore customers (cm'rently setto-0.1 forall

sectors, except for the industrial sector wmch is set to -0.5)

i
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Data:
Author:
Source:

Notes:

Unit:
File:

‘Variables:

Table F37

Nonassociated natural gas supply curve parameters.

Joe Benneche, EIA-823.

Analyst judgment.‘

A more thorough description of the variables represented in this table is provided in Chapter 3.
These are likely candidates for, variables to vary for sensitivity testing of the NGTDM.

Not applicable:
INITDA’I‘

"I'YP SUPCRV Selected supply curve opuon |

_'PARM SUPCRV2 Parameters for defining supply curves under option 2 (PARM SUPCRV2,

- 0.50; PARM_SUPCRV2, = 2.00)

PARM_SUPCRV3 Parameters for defining supply curves under option 3 (PARM SUPCRV3l

0 .03, PARM SUPCRV3;. = 4.00)
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‘Data:

Author:

. Source:

Derivation:

. Fg

) Unifs'

) File.

Variablos

- ' BIARC PISHR Fraction of annual interruptible service bxduectmnal ﬂow durmg the peak period

Table F38
Fraction of annual firm and interruptible serv1ce flow "along bidirectional arcs- dunng the peak
period.
Joe Benneche, EI-823.

AnalySt judgment.‘

H1stonwlly the flow along the bidirectional arcs in the NGTDM network represent approximately

3 percent of the interregional flows. Currently there are no data to support the derivation of these
shares ‘and they have a negligible impact on the model results. Therefore, thelr values were

"7 selected somewhat arbm'anly

Fracuon

INTDAT = =~ . . 5
BIARC ._PFSHR- ancuon of annual fum serv1ce bldxrecuonal ﬂow dunng the peak penod
. (currenily set at’0.50) e

~. (currently set at 0.25) - y s
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Data:

Table F39

Percent of ihtexregional pipelme capacity represented by an arc which is in the region where the

- arc begins (i.e:, the "source" region), based on approximations of the relative miles of plpe

Author:

Source:
Derivation:

Ijnits:

.File:

Variébles:

- represented in each of the assocxated regions.

Jim Diemer, EI-823. , - T ,

Analyst Judgment and PennWell Map of Natural Gas Pzpelmes of the United States and Canada,
1992, ;

The mileage splits were approximated by measuring distances between major regional market
centers and the location of the region boundary relative to those market centers..*

Fraction. . .
INITDAT

NG_ARCSIZE - Percent of an arc’s pfpeline capacity in the "sqmce" region.

-

e v eme e oy g g

E.IAIMo'de}-Docqmentatloh: Natural Gas Transmission and Distribution Model Volume |

Arc, |NG_ARCSIZE| Arc [NG_ARCSIZE| Arc [NG_ARCSIZE| Arc |NG_ARCSIZE
251 o070 [8>4| 033 |4>8|. 075 |us>12| 100 |
13>1 0.00 16>4| 000" |9>8 025 |21>12[ - 000
“ 3>2] - 033 |2>5| 100 ‘ju>8f -o0s0 [1>13] 100
[s>2] o075 |3>5| o025 |1758] om0 [2514] 100
l4>2] -000 [6>5| o030 - [s>9] o020 [3>15] 100
" 2>3| o050 [s5>6] o020 |18>9| o000 [4>16] 100 |
4>3|- 015 |7>6| -0m  |e>10| 025 |s>17| 100
53| .025 4>7 050 |7>11 010 |9>18). 100
6>3|- 050 |6>7| 023 [|s>1| o030 |7>19] 100
15537 000. |8>7 090 . [20>11] 000 Jus>20] 100
3>4 090 1157 o080 [8>12] ‘090 - [12>21] 1.00
754 050 - |195>7] o0g0 [|o>12| 100
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Data:
Author:
- Source:

Derivation:

, Table F40 -

Weather factors used by the Capacity Expansxon Module -
Jim Dlemer, El- 823

. Analyst Judgment.

The weather factors used by the Capacity Expansion Module" represent the reserve margins used'

by local distribution companies in planning their. pipeline capacity reservation levels for firm
'service. These data are used by the Capacity Expansion Module to set.aside a portion of the
pipeline capacity that is reserved for abnormal weather contingency plans and therefore is not
available, for use by firm service customers for the normal weather conditions assumed in the

- forecast. Currently all of the arcs in the network originating from nodes 5 through 11 are assumed

" Notes:

o reserve 5 percent of their firm service capacity to carry gas m the event of abnormal weather.
- All other arcs are assumed to reserve 15 percent. ‘

In r&lity these factors vary slightly across the country denendmg on the range of temperatures in

the areas bemg served. Futnre versions of the NGTDM may include factors which reflect these

. Units:
F"ile.

" Variables:

" F-48

Fractton
AFMDATA

WTHRFAC " Weather factors used by the Capacity Expansion Module

3
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Data:
Author:
Source:

Derilvation:

. Units:

e, File:

Variables:-

. Table F41

Weather factors used by the Annual Flow Module
Joe ﬁenneche, EI-823. .
Anaiyst judgmenl.

Itis assuniec_l that holders of firm pipeline capacity will release up to 1 - WTHR_XCAP of their

_ reserved capacity, thereby retaining a fraction (WTHR_XCAP) of their reserved pipeline capacity

as a safety margin in case the weather should turn colder, resulting in a surge in firm service
demand. Currently all active arcs are assigned a 1 percent safety margin,

Fraction. .
-AFMDATA

WTHR_XCAP Weather factors used by the Annual Flow Module
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"Data:
Author:

Source:

Derivation:
Units:
-File:

. Variables:

Tablg F42

Planned pipeline capacity additions along arcs by year.
Jim Diemgf,' El-823.

Industry expert and FERC NGA Section 7(c) Filings "Applicatibn for Certificate of Public
Convenience and Necessity" and various natural gas industry new sources.

Compilation of annéunced propo;ed expansion projects. -
Million cubic feét per day. ' : SR

CAPACTY. |

PNEW_CAP Annual plarineti pipélix;e capacity édditibﬁs aloﬁg arcs

\

~
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Table F43

Data: Factdr for establishing a seasonal differential for the domestic wellhead price.
Author: Joe Benneche, ‘EI-823‘.
‘Source: -Natural Gas Monthly, DOE/EIA-0130, Table 4.

De’rivatior]: - The nétipna]_ quanﬁty-weighted avefage peak and off-peak period wellhead prices were derived for
*. 1990 and 1991 based on monthly data. The basic equation used for assigning values to the -

- g

" variables (PKPRCFAC and OPPRCFAC) was:
‘fa&or = (average period price l-average annuaf price)' -1

- This factor was calculated for the peak -and off-peak periods for 1990 and 1991. The values

‘] , - - bprovided below represent the average over these two years, . .
" Notes: Regional monthly data were not readilyzlvailable when these numbers were derived. This factor
. will most likely vary significantly by region. In addition, the trends on seasonal welthead prices
have been substantially different in the most recent years,  Therefore, some further research i.mo

assigning séasonal price differentials in the model is wairanted.

' flinit: Fraction.

File: " (defined in local DATA siatement in SUBROUTINE CEMLPSNY)

) \ wellhead price (PKPRCFAC set equal to 0.169) - o . .
~ OPPRCFAC “Factor for differentiating the off-peak period wellhead price from the average
, " annual wellhead price (OPPRCFAC set equal to -0.094) :

Variables: - PKPRCFAC 'Facfdr for difi‘erentiating the peak period wellhea;i pfice from the average annual
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Data:_ '

. Author:
Sources:

- .Derivation:

Multiplicative wellhead priee benchmark facior applied to'supply‘ curve.s,.’

Table F44

Joe Bennec_he; EI-823.

Short-Teﬁn Energy Outlook (3rd Quartér 1994), ﬁCElEIA~OZOZ(94/3 n.

Mulnphmuve factors were determmed through a trarl-and-error process by running the NEMS a

few times with candidate multipliers to arrive at one for 1994 and one for 1995 that would result
- in national wellhead prices that match those published in the Shorr-Term Energy Outlook, (3rd

. Quarter). -The factot for 1995 was used throughout the forecast period. Muluphcauve factors were

" ot determmed for the hlstoncal penod, although this will be done in the future

Noges:

Umts'

K
.

- Variables:

. PSHIFTOFF

Although the model allows for regronal specrﬁc muluphcauve benchmark factors, a]l regions were
assroned the same. value. ,

. None
Frle. r INITDAT

PSHIFTON . |

-

LA mulﬁphcaﬁve factor used to shrft the onshore eupply curve along the price axis

in order to benchmark nauonal average wellhead prrces tothe Shon—Term Energy

Outlook. -

‘A muluphcatwe’ factor used to shift the offshore supply curve along the price

axis in order to benchmark national average wellhead prices to the Shon-Term

T Energv Outlook.

" 19901993 | 1994

I

1996-2010

SHIFTON (all‘regions)

1.00° 095

. 098

| F50. -

SHIFTOF (all regions)

- 100"

0.98
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ﬁam:
Author:
Sources:
"Derivation:
,'Not;es':

K _ 'iJnits:

£

* Variables:

*, File:

Table F45

!

Maximum Limit set for arc-level firm and interruptible tariffs
Jim Diemer 7
Analyst judgemem

Maximum limit on firm tariff is sef to $. SOImcf (in 19878), maximum limit on mtexrupnble tariff
is set to 1/3.of maximum limit for firm tariff, $.18/mcf (in 19875).

None. o
1987 dollars per thousand cubic feet.
RDESIGN |

LIMITFIRM

’ LIMITINT

- N
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Data:’

Alrthor:
\ "Sources.
* Derivation:

" Notes: _

E Ijn_its:

File:

Vai'iablos'

RS2

_ Table F46

\
I3

Rates of return set for generie pipeline compaﬁies
Kevin Forbes ) . -

Analyst Judgemem )

GPFER . and GCMER are’ the werghted -averages of 1990 wexghts, GLTDR is only an
approximation. Values are derived from FERC FORM2 data:, GPFER = 00211; GCMER =
0 1243 and GLTDR = 0. 1000 .
"The coupon sate for preferred stock is mreallsucally Iow. This is probably attributed to some
companies listing the par value of the preferred stock. The coupon rate for preferred stock needs
to be rewsed

SN LT -

Fracuon.’ )

RDESIGN--, '

GPFER Coupon rate for preferred stock for a generic company. ‘
GCMER * Common equity rate of return for a.generic company

GLTDR_,\ . Long term debt rate for a. generic company

1

P
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Da‘ta: ,

Author:
Sources:

Derivation:

Table F47

Maximum rate applicable for Federal and State corporate inéome taxes
Jim Diemer, EI-823
Federal tax code and FERC FORM? data

Maximum rate aﬁplicable for Federal corporate income taxes was derived from the tax code and

- 1s set to 34%. The maximum rate applicable for State corporate income taxes varies from State
* to State. The State rate is set to 5% to reflect the average rate derived from dala reported on FERC

»~ Form 2,

Notes:

., Units:

File:

. Varia’bles:

None. -

Fraction.
RDESIGN. . .- .

FRATE  Federal income tax rate
SRATE '~ State income tax rate

ElAModel Documentation: Natural Gas Transmission and Distribution Model Volume | . F-53
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Data:
; Author:
Sources:

- Derivation:

No;es:

- Units:

<
&

) P Fi.ie:

Variables:

FB4.

~ -Table F48

Rate design matrix

Jim Diemer | ' : ) ‘ ‘

Federal Energy Reglﬂatd'ry Commission Restructihing Filings and Section 4 Rat'e Case Filings
Modified Fixed Variable rate designlmethbd is used for-all pipeline from 1990 to 1993.in PTM.
Straight Fixed Variable rate design method is used for all pipeline from 1994 to 2010 in PTM.
‘None. | ‘ \ ) , T
'Noné.. ) _ : ) ) ‘

RDESIGN .,
MATRIX Réte desxgn specification for each pipeline for éacl; year.

-

i

\
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Data:
Author:
Sources:
Derivation;
Notes:

‘, : Uriit.fs:
File:

" Variables:

Table ¥49

Ratio of associated-dissolved gas production to oil production. .
Joe Benneche, EI-823.

Natural Gas Annual (1987-1992), DOE/EIA-0131
U.S. Crude Oil, Natural Gas, and Natural Gas Liquids Reserves (1987-1992), DOE/EIA-0216

For each OGSM region, the assocxated-dlssolved gas production was.divided by the oil production
and an average was taken over the years 1987 through 1992, ,

Table 5 contains background mformauon on how assocmted-dlssolved gas production by OGSM
region was generated .

Fraction,. ) A )
Fortran DATA Statement in SUBROUTINE: NGTDM_PRE

‘ ADG;To;OH. Avérage associated-dissolvéd gas production to-oil producﬁén raﬁo. o

Offshore

i ]2 3 |74 | .5 6 1 | 2 3

I@ _TO_OIL R.1781 [1.3718 .[1.8364 {12214 [12516 0.5959  [0.0000 1.8360 © [0.5912 I ‘

-
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Author:

Data:

Source:

: Deri_ve(ipn.

. &

Table G1

!

Parameter estimates for the Alaskan mnatural gas consumption equations for the residential,
commercial, and industrial sectors. Parameter estimates for the Alaskan average natura] gas

. wellhead and. mdustna] price equauons

Chetha Phang, EI-823, September 1993.

Natural Gas Annual 1986, 1988, 1991, DOE/EIA-0131. ) .

Annual Energy Review 1991 (Table 69, Appendix C). - S )
Data created: using PIPEJCL.ALASKA.DEMANDI.D0512931_

and PIPEJ CL.ALASKA.DEMANDZ.D0507931

The melhod of Ordinary Least Squares (OLS) was used to esumate the parameters of the Alaskan
natural gas consumption equation for each sector (except for electric generation), the industrial
sector natural gas price equation, and the average wellhead price equauon These equauons are
defined as follows .

" Residental Natura] Gas Consumption

In YRE AK_C(1) + AK_C(2)*In OP,, + AK_C(3)*In RN,
Durbin-Watson = 2.079, R-Squared = 09477, N=11

Variables:, = AK C(I). . AK.C@Q) : AK_C(3)

Estimated Value: © 5587 . 0.03195 - 0.8958

t-statistic: /(8 54) (0.60) ) (7.23)
Commerc:al Namral Gas Consumpuon ’

o m YC, AK_D(1) 4 AK_D(2)*In OP,; + AK_D(3)*In CN,
o Durbm-Watson 1.673, R-Squared 0430 N=12

Vanables. ) AK__D( n . AI_(_D(Z) B AK:D(3)

Estimated Value: - 790 - 0255 0:5437

t-statistic S (9.506) (206) ©(2.603)
Industrial Natural Gas Consmnphon i

YL = AK_B(1)+ AK_E() * OP + AK _E@3)* T
‘Durbin-Watson = 1,755, R-Squared = : 03529 N=23

Variabless AKE1)  AKEQ) AK.E3).
Estimated'Value: . 77084 33965 . 298155 .

t-statistic: _ (0466) - - (0879) .- (3.188)" .
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Average Natural Gas Wellhead Price

K]

WP, = AK_F(1)+ AK_F(2) * WP,, + AK_F(3) * PD,
Durbin-Watson = 1.707, R-Squared = 0.7392, N =22

Variables: " AKF1) @ AKF?) . . AK_F@3).

Estimated Value: 0.093 . 04703 . 0.00141
t-statistic it (0.89) . (2.56) - (2.89) p
" . Industrial Natural Gas Price ’

IP AKG(1)+ AK_G(2) * OP, S
* Durbin-Watson = 2,149, R-Squared 0.288 N 12 -

'Vanables., AR G(1)  AK_G®

. Estimated Valae: 1.0191 000645 & -
. t-statistic: o .(9.997) . (2.009)
where, - :
- ln namra] logarithm operator
N = -number of observations
- RN:= *residential consumers (thousands) at current’ year (AK RN), See Table G2
. CN,= commercial consumers (thousands) at current year. ‘(AK_CN), See Table G2
. OP,= total landed costs of crude oil imports (19878 /barrel) at current year. (WOPCUR) R
"YR, = natural gas consumption (Bcf) . -
YR, = residential gas consumption (MMcf) at current year. (QALK_NONU F(l))
YC,= commercial gas consumption (MMcf) at current year. (QALK_NONU_F(2)) .
..YL = indvstrial gas consumption (MMcf) at current year. (QALK_NONU_F(3))
OP,,= -total landed costs of crude oil imports lagged one year. (WOPLAG)
T = time trend variable having value 1, 2, 3,..., 23 starting from 1969 to 1991. In
-+ - 2015, the T variable will take on the value of 47. (CNTYR+21)
- PD,=. dry gas production (Bcf) at current year. (AK_PROD)
" ‘WP, = average wellhead price (1987$/Mcf) at current year. (WPRCUR)
“WP,, = .average wellhead price (1987$/Mcf) lagged one year. (WPRLAG)
- Ip= mdustnal gas price (1987$/Mcf) (PALK NONU_F(S)) C

'..NoteS°

- File:

" VARIABLES:

G2

-1, Variables dnsplayed in paremheses are used in the source code.)

2. Starung values for. lagged 011 and gas pnces are presented in Table E18.

INITDAT o B a |

AK_C. i%rameters for ‘Alaskan residential natural gas.consumption.

AK D Parameters for Alaskan commercial natural gas consumption.

AK_E ‘Pafameters for Alaskan industrial natural gas consumption._
AK_F Parameters for average -Alaskan natural gas wellhead price. .
AK G -

Parameters for Alaskan mdustnal natural gas pnce

-

'
<
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Data:
Author:
Source:

Derﬁation:

Table G2

I:;.xogenous forecast of the number o( residential and commercial customers in Alaska :

Joe Benneche, EI-823 ‘

Natural Gas-Annual (1985-1992), DOE/EIA-013].

Assumedh growth rates for ihe number of residential aﬁd commercial customers were applied

starting in 1993 to generate a forecast. The growth rates for the number of residential (1.02081)
and commercial (1.02573) customers were set to the average annual growth from 1985 through

. 71992, (Note: The year 1985 was selected based on a visual inspection of the data back to 1969.)
,Data before 1993 represent historical numbers ]

. Notes: None.
‘ Units: “Thousands of 'custome;s.l . S S - \
File: - INITDAT
‘Variables: AK.RN  Number of residential natural gas customers (thousands) in Alaska
: - AK.CN "~ | Number of commercial natural gas customers (thousands) in Alaska
AK_RN AKCN |
93.152 16.138
; _ 95.091 - 16553
1992 74268 12.204 1 2005 " | 97.069 16979 -
1993 75813 12580 | 2006 99089 - [17416
-||'199'4 : 77301 - | 12840 - | 2007 101151 | 17.864
|| 1995 79002 {13170 . | 2008 . 103256 - 18324
| 1996 80646 13500. -~ . |2000 - 105405 | 18.795 |
1997 82324 -~ J13ss7 ' [200 107598 . | 19279
1998 84037  |14213 - 2011 - - | 109837 19775 - |-
1999 85786 | 14579 . |.2012 - 1112123 20283
2000 875711 - | 14954 - |2013"- 114456 | 20805~
2001 80.303 15.339 12014 116838 | 21341
2002 91.253. 15733. . 2015 .| 119269 21.890
élNhﬂ-odel Documentation: Natural Gas Tranémi'ssio‘n and Distribution Model Volume | - G-3
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.'.I‘able G3

Data Parameter estimates of the regression equauon for the pro_|ecuon of IHinois synthetic natural gas
production from liquid hydrocarbons

)

Author: Chetha Phang, E1-823, September 1993.

Source: Natural Gas Annual 1985, DOE/EIA-0131, Table 11
: Natural Gas Annual 1986, 1987, DOE/EIA-0131, Table 12.
Natural Gas Annual 1988, 1989, 1990, Table 15.
- Annual Energy Review 1991 (Tables 71, 81, Appendix C). :
Data created using PIPEJCL.SNGLQDS.PRDPROJ.D0420931. -

Derivation: ‘The method of Ordinary Least Squares (OLS) was used to estimate the parameters o_f ‘the Illinois /
BN synthetic gas production from liquid hydrocarbons equation, which is assumed to be a log-linear
‘., ) funcuon of East North Cemral regional gas pnce Tms producuon function is expressed as follows

. lnSNG a1+(32*lnENCGPR,)

"'where, .- “ ) o ' CoeN ‘ o v
ln Tnatural loganthm . ' IR ' ‘
SNG = synthetic natural gas producuon from lxquxd hydrocafoons in Illmors m year t
’ (Bef)

ENCGPR, = East North Central regional gas price (1987SIMcf) in year t

" .al, a2 paxameters to be esnmated o _

. The OLS regfession results based on the given data (1981-1991) showed an evidence of posmve

serial correlation ini the data. with Durbin-Watson d = 1.125. Using the Generalized Difference

. Equations to correct for-the positive serial correlation between the disturbance’ terms, the second
stage regressron results were obtamed as follows :

n SNG -0.5161 +2. 81803 * ln ENCGPR,
t-statistic = (0.98) (646) ‘
Dmbm-Watson = 1.599 R-Squared 0.8224, N 11

The above producnon equauon can be wntten as.c \' . -
. SNG,= SNGAL. * ENCGPR‘SNG“' or, l' o
SNG, = 0.5968 * ENCGPR2¥'%®

. )

where, SNG and ENCGPK are deﬁned in the source code as VAL and VALUE, rcspecuvely

' _ Units: Not apphcable (no units). ' T
File: INITDAT- )
' ’.\.{ariables': SNGA1 - Interoept coefﬁcxem for the [llinois synthetic gas producuon funcuon

» .. SNGA2 . Slope coefficient for the Illinois syntheuc gas production funcuon

e

v
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Data:

Table G4

Coefficients for PTM forecasting equations. Total working capital; total administrative and general
expense; accumulated deferred income taxes; depreciation, depletion, and amortization expenses;
and total operations and maintenance expense. .

Author: Science Applications Intemaﬁona] Corporalion

Source:

Derivation:

é

OwWC, =

Form FERC-2: Dgta collected for 1980 - 1991.

* Estimations are done by using accounting algorithm or forecast software. Forecasts are based on
, 2 series of Fortran-based. econometric equations which have been estimated using the Total
" Statistical Package (TSP) software. Equations are estimated for each pipeline company or generic
pipeline: total working capital; total operations and fnaintenance expense; total administrative and
general expense; depreciation, depletion, and amomzauon expenses, and accumulated income taxes.

: These equations are deﬁned as follows

(1) Total Working Capital

= GPIS?. *'GPIS,‘_‘}'” + exp [B1 » (MC_PGDP, - p:rMC PGDP, )]

' L exp [B2 * (TYEAR p*(TYEAR 1.0))] » OWCE, » OWC_CONST -

where,

-(a) 'taiisﬁng pipéline,‘ - . - .. ¢.

’

‘ElA/Model Dbcﬁmenfaﬂo;l: "Natural Gas Transmission and Dlstrlbutioﬁ Model Volume |

BO B1, B2 - = (192244, 1.99710, ~0170208)
, = 0602771
: owc  CONST = (1-p) * EXP(C+FDj)
FDj ’ -ﬁrmdmnmyvanablewhxchxsequaltol1f]-1,orequaltoi
) - 0, otherwise. (value of FDj see Table G4.1)
7 estatistic = See Table G4.1 oo
. DW' - =165411 . -0
'R-Squared = 0985791 -
) (b) generic-pipéline -
B0, B1, B2 = (176415, 194711,\-0 159168)
p =0.
.. OWC_CONST. = 294.161 4
t-statistic = 3.12307, 269230, 1.70727, -3:31806 -
DW = 193182
, R-Squared ‘= 0.952241"



and,

. . /¢ i
(2) Total Administrative and General Expense

TAG, = e%*"% » GPIS®, » eb 4 WAGE® »
TAG?, » GPISS™ » e#rPrtvt + WAGE] -p.g

'MC_ECIW. SPNS/MC ECIWSPN S,

WAGE AVG WAGE *
MC_PGDP/MC_PGDP,

’ yvheré,

. FDj.- . . = fim dummy ‘variable wlnch is equal to1, 1fj-1,orequalto
S - 0, otherwise. (value of FDj see Table G4.2) -
) AVG-WAGE = = = 3722564 (in 19875)
i - . =pipline -
b = 1990 (base year)
" (@) .existing pipeline AU L
. BOBLB2B3 = (n), 0.735401, -0.532205E4; 100293)
P i, =028

p 'All'stati'égics are applied to Log-linear regﬁssioﬁ function (LN_TAG):

-

D tstanistic = Sec Table G4.22
- DW = 177879
. _ R-Squared, = 0.9999

(b) * generic ;pipqili'ne

L pb;Bl,gé,Bs (4.12803; (_)868975 0598815-4 0351339)

0 68177

) All stausucs are apphed 10 Log-lmear regressxon funcuon (LN, TAG)

, '_t-stausuc ' = See Table G42b : )
CLo .DW . =" 1.85921 o RN
R . -‘,R-Squared- =-0956792 . "

(3) Accumulated Deferred Income Tax

. @ exlstmg plpehne :

ADIT, = B, +§, » ADIT,, + B, » NETELT,

- where, A L

" ElAModel Documentation: Natural Gas Transmission and Distribution Model Volume | *



(FDj + POST86, 0.72988, 0.064099) .
firm dummy variable which is equal to 1, if j = i, or equal to
0, otherwise. (value of FDj see Table G4.3)

Bo,p1,82
FDj

POST86

= 0.129514E+7
i = pipeline
t-statistic = See Table G4.3
DW = 1.85921
R-Squared = 0956792

(b')A -generic pipeline

Accumulated deferred income taxes for generic companies is calculated using an
accounting algorithm. Straight Line Depreciation (SDL) is used.for rate making purposes,
while Modified Accelerated Cost Recavery System (MACRS) with a 15% year schedule
*.’is used for tax purposes. The amount of depreciation using the MACRS and SDL
. - schedules-are denved as follows:

R DEPRMACRS -E NCAE * MACRS RATE

t-3+1
lt2 .

DEPRSL, = }:NCAE 130

s=2

)

 where,, ,
MACRS -RATE = (500, 9.50, 8.5, 7.70, 693, 6.23, 590, 5.90, 591, 590, 591,
590, 591, 5.90, 5.91, 2.95) -

FRA'I'E ‘ =35%

(4) Total Depremauon, Depleuon, and Amortmmon '

. (a) exxsung plpelme ) :
DDA = (l-p)*Bo + B,*NETPLT + Bz*DEPSHR S
+ psDDA - p»(B \*NETPLT, , + BZ*DEPSHR ) -

where, -
BO»BLBZ = (FDJ, Bl,Bz )
. oo -= (FDj, 0.037362, -0.315983E7)
"FDj - . = firm dummy variable which is equal to 1, if j = i, or equal to
. - © + 0, otherwise. (value of FDj see Table G44) '
T .p T = 0151232 : ‘
i = pipeline
t-statistic , ="See Table G4.3 _
DW ' h = 1.77499 - ’ . 5
= 09634

R-Squared -

EiA/Model Doculﬁer;tatlon: Natural Gas Transmission and Distribution Model Volume | G-7



(b)  generic pipeline

A 1egression equation is not used for the genenc pipeline; instead, an accounting
algorithm is used (presemed in Chapter 8). ‘

(5) Total Operations and Maiﬂtenance Expense

(@ ‘existing pipeline
. 'rbMu - e(l'P).po' *.mLEigl * WAGEF: * PEQUIP‘B"‘ * eﬂ‘-YEAR‘ ) ]
- T TOMY MU— ZI”'.'* WAGEZ™ » PEQUIP""B’ -FBrCEAR-D

* where,
S BOBLBZ,B3B4 - G B, 3, B4)
R P . = (FDj, 0.342875, 0.387606, 0.588657, -0.256796E-4)
0 . FDj, o . =ﬁrmdummyvanablewh1chlsequaltol 1f3-1,orequa]to
- . o 0, otherwise. (value of FD1 see Table G4.5)
P . = 0391207
- < i = pipeline
WAGE - = (see TAG)

. : S All statmncs are applxed to Log-lmear regressxon funchon LN TOM)
T t-statistic . | - .

L ; . = See Table G4.5a
e . . DW. = 1.6777
s . R-Squared . =-0.9998

®) Genmic'bipenﬁe S

TOM,, = P s GPIS,_I » PEQUIP™ » ¢®PEHR
TOM{’, * Gpls:;'“' + PEQUIP™ 4 ¢#*o DR,

B " -where -

o al,a2,a3 o (-11 1327, 0 874303 2 15763, 0. 575590)
p =-0.904554

‘WAGE. . = (see TAG),

: PEQUIP = 106.495. -

" Al stausues are apphed o Log-lmear regress:on funcuon (LN TOM)

. . testatistic - = See Table G4.5b
o ‘ DwW . -211985 :
) 'R-Squared = 0.9969

o Gs : ‘EIAMModel Documentation: Natural Gas Transmission and Distribution Model Volume 1 -
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Variables:

owcC

GPIS
MC_PGDP,
TYEAR
 OWC_CONST
TAG

WAGE
AVG_WAGE
MC_ECIWSPNS

ADIT ~
NETPLT

‘ FRATE
"+ MACRS_RATE
‘.,.. DDA
DEPSHR

TOM .

. MILE,
'PEQUIP
FDj

YEAR

Noies:

o nwwnwnn

other working capital in dollars

original capital cost of plant in service (gross plant in service) in dollars:

implicit GDP price deflator for year t (from the Macroeconomic Activity Model)
year in Julian units (i.e., 1995)

estimated constant term

-total administrative and general costs in real dollar

salary paid in natural gas transmission industry, which is adjusted by real labor mdex

average annual salary paid in natural gas transmission industry

"price index of labor (from Macroeconomic Activity Model)
accumulated deferred income taxes in dollars

difference between original capital cost of plant in sé;vice and accumulated depreciation in

federal tax rate

rate of depreciation by MACRS schedule

" previous period (net plant in service) in dollar

depreciation, depletion, and amortization costs (dollars) -
percentage of depreciation, derived from dividing accumulated depreciation by gross plant in

.service in previous period

total operaung and mamtenance expense in real dollars

mile of pipeline of i® company, which is a proxy for the firm’s physical mpnal
price index of compressor station"equipment. ’

firm dummy variable which is equal to 1 if j=i, O otherwise (i=pipeline).

year in Julian units (i.e., 1995)

None.

Units:

owcC

GPIS -

TAG

WAGE

-+ -ADIT
NETPLT

" DDA

" TOM
AVG_WAGE
'MC_PGDP,
MC_ECIWSPNS

. PEQUIP

. FRATE
MACRS_RATE
DEPSHR
© MILE
- TYEAR
' YEAR

Reference:

, .'File:

)
nominal dollar

nominal dollar

- nominal dollar .
nominal dollar -
nominal dollar
nominal dollar -

nominal dollar
nominal dollar

1987 real dollar -

index
index, -

-index

fraction
fraction
fraction ' -
mile

- Julian units (i.e., 1995)

Juhan units

Refer to “Documemauon of the Pipeline Tanff Model Econometnc Equauon" by Scxence

PTARIFF -

. Applications International Corporation, April 30, 1993.

ElAjModél Docuinentatlon:,' Natural Gas Transmission-and Distribution Model Volume l
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Table G4.1. Summary Statistics for the Total Working Cap'ital Equation with. Duminy Variables

'

Coefficiest | Estimated Value Standard Emor | t-statistic
C 312.686 . 868191 3.60157
LN_GPIS 192244 069013 : 21.8560
GDP_INDX 199710 111522 , 179077
YEAR _-170208 . 044260 -3.84567
FD330 ) 1.06750 ) 233, Y. 45TIS
| FD80 | L0271 23981 -0 | 439060
. EDS30 . 957291 - 231520 4181 |
moos” . -665842 253615 ‘ -2.62479 |
" FDI010 ' -1.14718 . 248872 460952 |
o FD1075 : -317635 . 234846 | -1.35253 I
“ s - . 15420 241970 | 63B10 - |
L. " N0 . S10518E:02 - _ . 249324 - 038926 i
Te - FDI705 ' | .350049 | .234705 . 149144 -
i FDI913 257109 o .235866 ' 1.09006 "
Il - FD2520 - 179581 EEE - 7.69406 It
FD3240 " 115678 . 245968 40296 Il -
FD3320 -599203 . , 260034 . T 230344
L " . FD3360 - 737649 235027 ., | 3.13856
_ - " 38 - 396329 28072 I ;
; oL ' FD3410 , 157254 BN 590550 I
B FDMS0- | .. 102331 253706 . 403345 I
' . FD3540 - 2.00584 L. 234659 S 854191 i
FD3620 - -955885 NE 266306 il . o3se92 - . |
il s . | ~1.67645 267008 o] - 621652 -
A FD3800 - o amnz ] .257699 - 1695045
1 ‘FD3835 - . 123392 ] ..235964 . s 525046 .
|| . FD4098 764999 -~ 367453 ' 2.86031
R I T T B 231506 ' 533508
“ FD4160 - 319134 264188 C - . 155263
- -FD4875 N -037315 | 230755 s -161708
o FD5340 094539 25059 . . | . ~316972
L " SIS - 214417 T s » 529338
. FD5902 : 876017 -, | ..285765 TR
ol FDsos0 | . - asssy EEE < te 570432 -
' FDE210 1020513 1T 2w 084344 .
FD6410 LM827 - . 246102 . -4.66584 ‘
' FD6420 . -1.018% 280325 : 363351 .
‘ _ FD6425 - . ST 357665 : ;651 : 151392
i FD6450 . LT 286970 ' I -1.10941
FD680 - 122267 251145 o 4.86838
FD6630 _ -.589305 ' 241943 , 243572
FD7000 T 248338 - 331477
FD7010 | - 1serse- 334460 5.6736

-
T
'
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Table G4.2a,

Total Administrative and General Expense Equation for Existing Pipeline with Dummy

Variables
Coefficient Estimated Value Standard Error t-statistic
Bl 735401 014597 503806
B2 -532295E-04 _841012E-05 -6.32922
2 1.00293 062162 16,1342
FD50 ~8.32601 663543 -~125478
. FD330 -8.28496 669439 "-12.3760
FD840 -8.10217 665637 -12.1720
’ FD930 -8.29780 - 666119 -12.4569
FD1005 8.06064 - 670649 -120192
it FD1010 ~8.99644 669862 -13.4303
f FDI075 -8.30440, 667187 124469 '
‘ FD1450 -8.45605 660527 -12.8020
“ " FD1470 181714 671893 - -11.6345
' FD1705 -8.17991 . 667485 , -12.2548
- " FDI913 -8.97032 668156 -13.4255
! ) FD2050 -9.88618 665980 . +14.8445
" FD2520 -8.11535 666245 -12.1807
EED -8.03321 664505 -1208%0
: FD3320 -8.10176 671329 -12.0682.
“ FD3360 -8.45617 665292 ~12.7105 It
T, - rp3se -8.72908 671533 -12.9987 i
" FD3410 -8.42774 661734 -12.7358 i
" FD3450 -8.47500 662160 -12.7990 Ii
FD3540 815116 " 661535 123216 i
FD3620 - -7.60459 689486 -11.0294 i
" -FD3775 9.67062 670523 -144225
lf - FD3soo 199519 - -675908 -11.8297
{ - rp3s3s . ~8.28506 " 669162 -12.3812
II FD4098 -10.7344 659691 -162718 -
FD4135 - 855915 © 669733 -1277%9
FD4160 -8.20972 671983 . ©-12217)
FD4875 -8.93700 ~ 679667 . -13.149]
FD5340 . ~8.13496, 672273 . ~12.1007
FDS715 973777 665231 . -14.6374
[ s - -8.08158 .674050 - -11.9896 -
FD6090 -8.14258. 674760 -12.0674
. FD6210 . -8.00727 668095 -12.1199
, FD6410 - -10.8687 - 612342 -16.1654
FD6420 ~8.06411 613277 -119774
+ FD6425 -8.27496 612619 -12:3026
FD6450 -8.74262 674288 -12.9657
FD6480 -10.0812 676944 -14.8922
FD6630 -1.78317 669021 -11.6337
FD7000 -10.5163 663408 -15.8519

—_— e e e e
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Table G4.2b.  Total Administrative and General Expense Equation for éeneric Pipeline

. P4

G12

Standard Error

"—_—__——-——.-—_ RN
Coefficient . Estimated Value

’ e ————————

-

t-statistic

Bo -4.12803 234214 -1.76250

B 0.868975 0.012919 67.2608

© By - -0.5988E-4 - 0.13176E4 ‘-21.54454
Bs . 0351339 0.223428 1.57249 >

#—————_—'—'—;——l
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Table G4.3. Summary Statistics for Accumulated Deferred Income Tax Equation with Dumin.y Variables

" ~

Coefficient Estimated Value Standard Error t-statistic
Bl . 2729880 034326 212633
B2 061099 1010285 623223
POSTS6 .129514E+07 597315, . 216827
FD50 -.585536E+07 421084E+07 -1.39054
FD330 .103331E+08 432308E407 238973
| FD840 - 150482E407 * .398517E+07 -377605
| FD930 " -.127081E+08 .STIS00E+07. -2.20054 ©
FD1005' [792681E+08 AT8025E+08 1.65824
FD1010 500322E407 .399926E+07 . " 125104
FD1075 B66611E+07 A23324E407 204716
. FDMS50 - -170162E+07 .138914E+07 -122495
o FDI470 . 288398E+08 _ .147628E+08 195354
" FDI1705 -261066. A30122E407 -060696
] " FD1913 107255407 .392570E+07 273212
FD2050 . -331096. 252541E407 -131106 : "/
"FD2520 100804, .149690E+07 067342
FD3240 - -386891E+07 .265839E+07 . -1.45536 I
FD3320 " 246935EMOT - -143454E+08 172135 i
FD3360 -655528. 289783E+07 -226214 It
FD3332 A134276E407 , . 25T21SE+07 522039
FD3410 415096, 279459E+07 -148536 i
FD3450 746529, 175377E+07 425670 ||
FD3540 -253967E+07 - 225561E+07 -1.125%0
FD3620 -155808E+07 .I87475E+08 -.083108
FD3775 229058E+08 .130580E+08 175416
" FD3800 376959E+08 .384250E+08 981025
(t FD3835 801349407 766289E407 116320. . |
I~ ~vpaoss ~666686. ’ 131096E+07 508549 |
. FD4135 -790190E+07 .292055E+07 . -2.70562 ,
" FD4160 . . .188337E+08 g 957605E+07 196675 %l
“~ ‘FD4875 .157189E+07 .105719E+08 148685 If
FD5340 JT15389E+07 746511E+07 Q547 |
FDS715 . 766982. -163080E+07 - 470309 |
FDS902 . .383540E+08 .382716E+08 1.00218 |
\ FD6050 526591E+08 443985E408 1.18606 |
T foeao - - 139606E+07 J738119E+07 -189137
FD6410 223869E+07 5924T7E+07 376165 -
FD6420 - 530083E+08 214303E+408 247352
|l . Fpsis - 166049E+07 . 68307TE+07 -.243089
: , FD6450 257150E+08 - 150151E+08 171262
/  FD6380 -555813. 569203, -576475
. FD6630 -244766E+08 - .231915E+08 " +1.0554]
“ED7000 -156129E+07 4397S6E+07 -355035
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Table G4.4. Summary Statistics for Depreciation,  Depletion, and Amortization Equatidn with Dummy .

Variables
Coefficient " Estimated Value Standard Error , Tstatistic
Bt 037362 .215921E-02 < 17.3036
B2 -315983E+07 - ‘ .118222E+07 - 261278
FDS0 524613E+07 835848 ] 627641
) FD330  1725%4E407 ‘ .105781E+07 1.63161
FD840 1 699559E+07 .100105E+07, 698822
FD930 .563834E+07 S .134644E+07 . 4.18759
FD1005 o= 971449407 . 245244E+07 396115 |
FDI010 . * (363580E+08 2307654E+07 . 11.8178 |
e FD1075 . S20971E+07 . J6537E+07 N 7.50282
i "0 242638E+07 , ~ 785470, '3.08908
i FD1470 ‘ 30872E+08 . - A61691E40T 8.09396
““, 1 - moos. - 142000E+08 ‘ (12567SE+07 - * 11.25%0
" FDIoI3 923499E+07 - J30261E+07 * 7.08962
FD2050 .170989E+08 .253646E+07 . 674126
FD2520  .384055E+07 - S 759960, - . 5.05362 . :
1. FD3240 T S84337Es07 ‘ J41660E407- | . a4l . |l
FD3320 * 307323E+408 R .606948E+07 506341 -
.l - 330 - "38069%6E+07 | . - .104426E+07 : © 364560 "
. ue . 63TBISE07 \ 881543, o 723589 il
‘ ‘ ~ FD3410. - . J233T43E+07 619300. 377430 it
i Y - FD3SO . T 2B1227EX07 -634010. . - . 3.64705 :
FD3540 - . 314533E407 - - 595989.' - 527151
FD3620 " 369447E+08 . .878650E407 - 7. 420471 .
FD3775 - - "% 595437E+07 J14663E408 . - . -519293
‘ “FD30 | | 2I9M46E408 . | | 498743E+07 ' 5.59699
W Fp3sss CO12853E407 . . |0 .202461E+07 g 450877
) " . FD4093 . .118440E+07 . 463360, T 255605
A - mas | J15S10SE+08 . . - A13476E+07 R 375123 R
. FDas0 - ., J22954Es08 . | JATIR09E07 T 69149 ,
FD4875 © ... J789833E+07 - “326112E+07 242197 "
+ FDS340 © 282235E+08 © - . -192597E+07 : 146542~ i
FDS715 1 . . .897T1ISE«07 © . .JOSO40E+07 - 854073 - it
- - FDss2 . GBITISTEs08 - " .100491E+08 8.13266 It
FD6050 .. ASSATSE+08 . 437448E+07 . 104121 |l
FD6210 - .. JT6696E408 - ¢ | 7 157079E+07 Lo 112489 |
" FD6410 < 2669T7E+07 T 242882E407. 7 1.09934
i &0 . | . - .620667E408 - .| - .391804E+07 158413
. FDsa2s .111083E+08 \291027E+07 . 381654
FD6150 - 202480E+408 . \152389E+07 ’ . 132870
FD6480 ) 496049E+07 - 89117, . 591156 -
FD6630 - :175537E+08 | I .288080E+07 - : 6.09335 -
' 217175E+07 ‘ .209350E+07 . -~ 1.03737 )

[N

-

~
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Table G4.5a. Summary Statistics for Total Operations and Maintenance Expense Equation with Dummy S

Variables '
' Coefficieat [ Eatimated Value Standard Emor vstaisic |
pr 342875 . 078797 435138
p2 , 387606 . 168281 2.30333
B3 588657 . 200972 292905
B4 . -256796E-04 . .935084E-05 -2.74623
FDS50 . 679653 2.19762 3.09268
330 - 6.97665 22317 312614
T s - 71108 - 222138 319261
. I FD930 72283 221703 26104
R FD100S : 8.10685 2.24016 3.61886
- . FDIOIO’ 7.65299 222076 . 344611
' " FD1075 - 15T 221943 341255
“, I musn 6.48876 2.20089 294825
Il FD1470 A v 821841 . T 224074 -~ 36672
. 'FDI705 . 7.29399 .. 2274 3.28202
" _FDI913 - 185283 ) 221265 - 3.54906
i Fp20so " 835659 - 217778 383720 -
| FD2520 6.03473 ' 223717 2.69749 B J
FD3240 2 6.32501 221033 T 236157
FD3320 8.10859 . 223577 3.62676'
” . FD3360 - 685125 . 2.19262 - 312743 .
i FD3382 . 656682 <t 220947 . 297213
([ . D0 - 620674 " 221499 . 2.80215.
I FD3450 - 674434 : 220301 3.06018 |
FD3540 L 684241 \ 220220. 3.10708 07
. " P3N 8139 . . | 2.23964 3.62259 if
FD3775 ] 601943 ' 2.19387 ’ 274315 - |i
: FD3800 804531 - 2.25343 3.57026 .-
FD3835 7.09010 222286 : 3.18963
. FD4098 1. 471036 e 2.16982 - - 21708 i
: a3 | 691779 - . 2.19686 su84. . |
" . FD4160 8.19826 223198 3.67308 it .
FD4875 i . 668537 2.19490 3.04586 i
FD5340 77352 . || 2.23298 346921
FDST15 7.02103 : 218317 21599
FD5902 , 834731 . ‘ 224784 4 371348
FD6090 8.84093 , 2.24302 . 354153
T . 784311 . 22273 ' 352124 |
FD6410 470828 . 218881 . 215107 °
FD6420 EEE 8.33229 | 223914 1 . 372120
FD6425 770595 . o227 . © 345969
FD6450 . +7.65582 ) 222080 . 3.44733 ;
FD6480 6.00379 2.16242 277642 .
FD6630 . 7.60412 , 223424 3.40345
FD7000 i 493881 ' . 2.18333 N 2.26206 .

ElA/Model Doéu;nentalion: Natural Gas Transmission and Distribution Model Volume | ) G115
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Table G4.5b. Total Operations and Maintenance Expensé Equation for generic pipeline

|[ Coefficient Estimated Value Standard Error t-statistic
fl 0 -11.1327 195251 ., -5.70176
‘ o, 0.874303 . 0.043239 20.2201
- o, 215763 0332584 6.50702
‘ o 0575590 © | - 0209663 . 2.74531
. 4
\
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Appendix H

Variable Cross Reference Table




‘Variable Cross Reference Table

+ The linear program (LP) formulation of the Annual Flow Module (AFM) is presented in matrix form in Figure H-1.
The rows represent the objective function, variable bounds, and problem constraints, and the columns are the
variables to be solved. Each row (constraint) and column (variable) have been given a unique name which also are
defined in Figure H-1. The row and column names are used in the code to identify where changes are to be made .
in the working matrix during each model iteration or model year. Since the variables defined in the AFM LP
equations are being referenced differently within 1) the mathematical equations presented in Chapter 5, 2) the LP
matrix (referenced above), and 3) the code, a cross reference table (Table H-1) has been generated for these
variables, . :

Similarly, Figure H-2 presents the LP matrix representation of the Capacity Expansion Module (CEM) formulation,

~as well as definitions of the abbreviations and names used. Again, the columns represent the variables, and the rows

represent the objective function, variable bounds, and problem constraints corresponding to the model equations

’ defiged.in Chapter 7. Table H-2 presents a cross reference of the names used within 1) the mathematical equations
presetited in Chapter 7, 2) the LP matrix (referenced above), and 3) the code, to reference the variables in the model

equations. ’ - . . :

Note that in both figures, two coefficients are defined for a single variable in the mass balance constraints. This is
a shortcut means of representing the coefficient associated with the same flow variable that is needed within two
-mass balance constraints. For example, when the arc represents flow into a node, the coefficient is the arc efficiency
 variable;-however, when the arc represents flow going out of a node, the flow should not be reduced by efficiency,
thus the coefficient is one. . o : ) .

p . i R . : - R e . - °
The Distributor Tariff Module (DTM) and Pipeline Tariff Module (PTM) are represented by economic and regression
cquations (see Chapters 6 and 8 for details). Table H-3 presents cross references of model equation variables
defined in this document and in the code for the PTM. The DTM equation variables in the document match those *
in the code. , . - . , -

.‘EIAI'MBdeI Doéumen'tatjon;' Natural Gas Transmission and Distribution Model Volume | ' - H41
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Figure H-i. LP Matrix Definition for the Annual Flow Module (AFM)’ .
X X X X X b X P4 g F F F I I I . K
F I ‘F I F F I s hd * b * * - H
) ¥ N s s N N ¢ ¢ . . . . N " <
. v PO I . B P N B P ®
- - + - » - - N ? ? ? ? ? ?
N N ? ? ? * Q ] 4 ] ¢ e
- . . . ¢ e . ¢ ¢ e o @
. . . * * . 0. ] # 3 # * ] v

AFMOBY - “TARF TARI : TARF TARI °  TARF TARI PZZF §22I . PSUP ~PDEMF-PDEMF+PDEMF-PDEMI-PDEMI+PDEMI '
apENDt g I o . USUP UDEMF UDEMF UDEMF UDEMI UDEMI UDEMI . . .
‘. . L MINFF MINFI _ MINSF-MINSI . - 0 UDEMF O 0 UDEMI O 0 ’

. ‘. f*’ 4 . . LN ’, . -7 . -

CPN#dNee 1 - 1 . = ST o ) ) <= QCAPO(1,3)*UTILZT (1,3)* (1-FCTW)
CepResNes 10. o T o g L L .- T <= QCAPO14,3) *UTILZF (4, 3)* (1-PCTH)

wwee  CERFS1 . L EE - . wlL L - = -1NEISTRF

MR Vot - L . i . v N A . B «
. MIN®s ’ .EFF,-1 T 'm oA .. - . } ’ ’ = } ~1*NETSTR_I .’
' - » ~ - “ : - S : -~ - ', L N . * . . - . - : ’
MPee20Q .. AT . . EBFF . . 1. .o -1 - 1 . CT - : 0
N . . . * - - - Y. \: '.’-. o
MIv*?00 o R . ) o s = o 0
HS+eNse B T R g ' o .. B )
" - -Legend:--**.x nodes (01-21},. ;44 -= OGSM region (01-06),- -2 = séctor code (R,C,I.T.U)._ :
+ @@ = CENSUS (01-09) or NERC Tegion (01-13). -% = step number-on curve (1-9) - ’
- ° 1 . - -~ F) - A : - - ) ’
.- o ) : .
t
. ‘
) - . R
- N . i
. T, T, N : . R . . )
" H2 - ElAModel Documentation: Natural Gas Transmission and Distribution Model Volume | o

. ) }



Figure H-1. LP Matrix Definition for the Annual Flow Module (AFM) (Continued)

Columns
XFN**N** = Firm flow from node to node
XIN**N*=* = Interruptible flow from node to node
XFS++N** = Firm flow from supply to node o
XIS++N** = Interruptible flow from supply to node -
XFN** ?@@ = Fim flow to end-use sector- .
XIN**7@ @ . = Imerruptible flow to end-use sector )
XFQ**?@@ = Firn flow from backstop supply to end-use sector
X 1 Q**? ee - = Inten'upuble ﬂow from backstop to end-use sector
SS++N**# = / Stepsonreglonalsupplycme _
- F%**B?@ @ - = . Base step on core demand curve
F**pre@# = _Positive steps on core demand curve
‘F**N?7@@# = "Negative steps on core demand curve
I**B7@@ . = Basesteponnoncoredemand curve
"I**P?@ @# =" 'Positive steps-on noncore demand curve
. .I"‘*N?@@"# = Ncgahvestcpsonnoncoredemandcurve
R H S ) ' = Rxght hand s1de of oonstramt equauons
. Rows. '
AFMOBJ - = -, AFM Objective Function
‘ AFMBND = APMVanableBounds
C PN *FENFE = Pxpelme mpaclty lumt-’l‘otal flow .
CPF**N** = .Pipéline capacity limit--Firm flow
MEN** - - . = . Regional mass balance--Firm network’
MIN*=* - -=  Regional mass balance-lntermpnble network
- MF**?7@ @ - := End-use mass balance-Firm network - - a
MI**?@@ - = Enduse mass balance--Interruptible. network _
MS'++N**" - = Supply subregmn mass balance .-

:

) Legend: ** = nodes (01-21), ++= OGSM region (01-06), ? sector code (R.CI,T,U),

@@ CENSUS (01-09) or NERC regxon (01-13), #

EINMqJel Doéumeﬁtaﬂon: Natural Gas fl’taﬁsmfssion and Distribution Model Volume| .
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Figure H-1 LP Matrix Deflmtlon for the Annual Flow Module (AFM) (Contmued)

-

Coefﬁcxents Right Hand Sides (RHS), and Bounds

EFF
TARF .

" TARI
. PZZF
- PZZI

PSUP -
UsuP

“PDEMF
PDEMI .

UDEMF

. UDEMI

MINFF
"MINFI .
MINSF,
MINSI -~ -

QAP0 -
- UTILZT.
“WUTILZF ©

PCTW. .
NETSTR_F

© .. NETSTR_I

woonnn

li il

Regional pipeline efﬁc1ency .
Supply, distributor; pipeline tariffs—-Firm network -

_ Supply, distributor, pipeline tariffs--Intrp. network

Alt. fuel price for backstop supply--Firm network -

-Alt. fuel price for backstop supply--Intrp. network

Prices on supply curve steps (87$/mcf)

-Quantities on supply curve steps (BCF)

Prices on demand curve steps (87$/mcf)--core (Firm service)

Prices on demand curve steps (87$/mcf)--noncore (Interruptible service)
* Quantities on demand curve steps (BCF)--core (Firm service)
Quantmes on demand curve steps (BCF)-nonoore (Intermpuble service)

memum flow along mterregmnal arc—firm ]

. Minimum flow along interregional arc--interruptible |
Minimum flow from supply to node—-firm network .
anmnn ﬂow from' supply to nodé--interruptible network

Physml pipeline mpaclty (BCF) for year t
Pipeline utilization--Total flow .

. Pipeline utilization—-Firm flow - . | -~
-Weather factor percent y .

Net firm storage withdrawals -

"Net interruptible storage withdrawals ™

. *H4

'
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~

'f'able H-1. Cross Reference of AFM Variables Between Docufnehtation, LP, and Code

e e e gy~ v g - < =

Documentation AFM LP Variable Code Variable
Objective Function Variables: .
.y XFS++N** " AFLOW_F(s,i)
X XIS++N** " | AFLOW_I(s,i)
X || XENe#Ne* AFLOW_F(ij)
X, XIN#*#N*x AFLOW_I(i,)
., ) XFN*$@@ | AFLOWFGd) . - = - -
(K.Y XIN*9@@ - AFLOW_IG,d)
@, - XFQ**1@@ F_BKSTOP
qz, XIQ*"@@ I_BKSTOP
. |LYsup, .. SS++N#*j - SUP_QTY(s;i.st)
'| QDEMO7, & ydent, FBU@@. . - | UTIL QTY_Fiisn)
coe F*PU@@# . .
FH*NU@@# -
FeBlR@ NONU_QTY_F(di.sn)
FeP@es - ‘(where.d = 7 = r,ci)
1 PN2@@# . : .
| QDEMO, & ydem',,, BUGQ ‘ UTIL_QTY IGst) o
. o . | +PUeGEs o
) | *NUee#
=Bre@ NONU_QTY-X(d,i,st)
I*P2@@# (whered=2?=1cit)
~ I“*N2@@# i A o .
Variable Bounds: - o A
ik UDEMF(BASE FIRM) BASE_QTY, EXPQTY
g ' UDEMI(BASE INT) BASE_QTY, EXPQTY
‘ .UDEyF!E,, UDEMF‘POS-FIRM) DQDEL(ns). from DQUANT(s), .DELQ
UDEM",,, UDEMF(NEG FIRM) ' DQDEL(ns) from DQUANT(ns), DELQ
UDEM', ., UDEMI(POS INT) DQDEL(ns) from DQUANT(ns). DELQ
UDEM,, UDEMI(NEG INT)" DQDEL(ns) from DQUANT(xs), DELQ
USUP,,, USUP SQDEL(ns) from SQUANT(nS).
MINF, - MINFF ACAP_MIN
MINF, . MINFI ACAP_MIN-
n MINSE." ‘MINSUPF "
n. MINSI - MINSUPI - -
' . " ElAMode! Down{éngaﬁoﬁ: Natural Gas Transmisslon and Distribution Model Volume | '
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Table H-1. Cross Reference of AFM Varlables Between Documentatlon, LP, and Code

(Continued)

Documentation

Objective Function Coefficients

AFM-LP Variable

Code Variable

| PDEMF®ASE FIRM)

'BASE_PR, EXPPR

'PDEMI(BASE INT)

BASE_PR, EXPPR

PDEMF(POS FIRM)

i)'P.RI.CE(ns)

: PDEMF(NEG FIRM)

i)PRICiE(ns) ;

'DPRICE(ns) -

'PDEMI(POS INT) .
PDEML,. “-- - - * -“-| PDEMIONEG INT): '| DPRICE(ns)-
PSUR,, - T R B R SPRICE(ng)-
PZZ%, " T " pzzF _ NG_BKSTOP_PR® ,
P22, LR vz - , " '| Ne_BKSTOP PR
TARF, " (- T | TARF(S>N) - STAR Fisi) = -
TARL; S | TARK(S->NY STAR I -
STARR; - ol ‘= | TARFNSN) * | PTAR Fay)
TAR, T sl mariesNy -0 - | pTaR Gy
TARY, - _ | TaRFOSDy - | v DTAR FGa) -
e B R | NoNU_DTAR F(i,d)
e L ENE R 'CANTAR_FGid) "
TR - R 'MEXTAR _F(i.d) -
TARL, - TR e UTIL_DTAR_1G.d) - |
o - IR e | NONU_DTAR _Iid)
- - o RN . CANTAR IGid)
MEXTAR 1G.d) .
Capacity Constraints: ~* E L L
equation: 24 ‘ - \r %l:owhame:-ICPN*‘N“ rowname: CPN‘"‘fN‘"“‘ ‘.
PCAPMAX;; .. U ZPQCAROGYY Lo s PCAP_MAX(ijp) - = - . .
CAUTILZT, o0 J7 o jumzrggy L T AUTILZ T(jp)
AP e - Pcrw - LT me XCAP(lJ) N
equation: 25 . * rowname: CPF**N**- . | ‘rowname: CPResNex
PCAPMAX; - . - "QCAPOGj) - | PCAP_MAX(jp)
AUTILZS; © . -7 ' | UTILZFG,j) - | AUTILZ_ F(ijp) .
'WTHRXCAP; . IR LA | WTHR_XCAPG, -

" * EIAMods! Documentation: :ﬁeiﬁral Gas Tral;tmfcclon and Distribution Model Volume |




Table H-1. Cross Reference of AFM

Variables Between Documentation, LP, and Code

(Continued)

Documentation

AFM LP Variable

Code Variable

Mass Balance Constraints at Transshipment

Nodes:

equation: 26

rowname: MFN**

rowname: MFN**

QSTR sy | NETSTR_F NETSTR_F(i.p)
equatloh: 27 rowname: MIN** rowname: MIN**
QSTR' NETSTR_I NETSTR _I(i.p)
Coefficlents: - T ) . ;
EFF,, : EFF(N->N) . . | AEFF_PIPE(im)
EFF,,, . . EFF(S->N) -~ SEFF_PIPE(s,st)

Mass Balance Constraints at Demand Points:

equation: 28 rowname: MF**?@@ - ) rowname: MF*?@@ :
QDEMC(’,, F**B2@@" ) . | UTIL_QTY_F, NONU_QTY_F
equatlon: 29 ‘ rowname: MI*'_"?@@ rowname: MI**?@@
QDEMU',, T**B?2@@ UTIL_QTY_I, NONU_QTY_I
coefficients:  * . . - n
EFF,, EFF(N->D) - ; UEFF_PIPE(i.d)
s . - | NEFF_PIPE(i,d)
' _ CANEFF(i)
MEXEFF(i)

Mass Balance Constraint at Supply Points:~

equation: 30 -

rowname: MS++N** ° |

rowname; MS++N";"

1§ m= transhipment nodes, s= source, d = demand node, sr= subregion, p= forecast ya'r. ST=storage, kns= steps on supply curve, sr= subregion.

3
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_Figure H-2. LP Matrix Definition for the Capacity Expansion Module (CEM) <

P P o o. P .f . e F P 6 . p o
U F 1 F I ' F 1§ 1 F 1 F I I- I
. o N N. N N s s° s s N N N N Q Q .
. e . e e, s e e e
) Y * * Y + - -~ ‘ PERN - - * * . *
. N N N N E w8 N 2 2 2 2z 2 2
. L R S ) ¢ e e e ., .
- - » * - - - - 2] e - @ e @
~ .
CEMOBI ~  TARF TARI TARF TARI , TARF TARP TARO TARO TARPF TARFI TAROF TAROI PZZPI PZZGI ,
CEMEND U T o . A .
L MINPF  MINOF ) )
| weENes - ER1 ’ © Ep R L S
. MPINes " ER-1 ‘ Ep A .

- MOFN** £0,-1 ) ' E0 , - -1

. .
3 N 3 7 N - M
4 . - » PN
HOIN®® . " Bo,-1 ) .  Eo S -1
MSTN#* oL ol ‘ - . . .

o .

MPF**?780 o o . EP ’ . -t

MPI**7q¢ L ‘ R S 1

Mopssz08’ T L A LT '
e .o . " Bo -
CPFeaN®* 1 o g ‘ g
R CPI‘.'N" R .1 -; 1 . . ‘ . - ) . - . . -’ . -
. CON#aNew ) ) 1 3 R . .. N . . ~ ) : N ' N '
CPFSTN®» e ot S ‘
CPISTN** o ) L L '

. SPSseNse T L e S :
SOS+sNe* ' S C1 o .

“ . ’ .

. TPBKSTOF™ . ] . . - p [
TOBKSTOP - oo C ! : P
-+ legend: <** =modes (01-21}, ++ = OGSM regicn (01-06), 2= sector code (R,C,I.T.U),
. ’ T @6 = CENSUS (0i-09) or NERC region (01-13), 4= step number on curve (G-9)
" Hs8 o ElA/Model-Documentation: Natural Gas Transmission and Distribution Model Volume | -
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Figure H-2. LP Matrix Definition for the Cap\acity Expansion Module (CEM) (Continued)

o]

F P 0 s s c R
F 1 F 1 s T I3 _E
s s s s - I . N s
7 P 7 T - - .
N N N N N . 3
- 1 v = - ® -~ "
. . - . . L3 -
[} * ]
CEMOBI ' © 7 psu¥ | pSTR PCAP
CEMBND U PFSTU PISTU OFSTU OISTU  USUF UsSTR UCAP
L PFSTL PISTL OFSTL OISTL 0 ‘0 <0
MPFN*$ 1 - 0
MPINse , L1 - = 0 -
MOFN®» -1 = 0
2, .
‘HOTNe* ' T4 = 0 -
MSTN** -1 -1 EOSTR BOSTR ) = 0 :
MPF*7d¢ = - QDEMOPF(i,d)
. A .
MPI**?204G . = QDEMOPI (i,d) -
MOF**700 - = QDEMOOF(i,d) -
HOI**20Q v ' = .. OQDEMOOI(i.d)
CDF#*Nse ° - * -UPF(i,4) = - 0. N
+ CPIS*Ne** -UP(.3), <= 0 {CEM loop 1)
. . ; *es QCAPO - YCAPO {CEM loop 2)
_ CONwsNes -U0li. ) <= ) :
CPFSTN=* 1 * -UPFSTK : = : -0 ’ .
CPISTN** - 11 -UPSTR = ‘0 . (cEfleop 1
' - . <= ~QSTRO - YSTRO * (CEM losp 2}
SPG4sNT* . : -UPP(s. 1) . " - o
SOSesN** ., -UPO(s,4) T <= 0 (ST1P<1,2)
N - .- - .-
. o . . = -0 . (STYP=3.8)
XXITOT ) <= ALPHA * (PIDMD/EFF + -
B , OIDMD/EFF: fcr (i.3)
TPBKSTOP : .
............................. A .
_TOBKSTOP
l'.egend: -*» = nodes (01-21). ‘++ = OGS region (0i-06}, % = sector code (R,C,I,T.Uj, - .
@0 = CENSUS (02-05) or NERC regiorn (01-13). # = step number cn curve (093
. A .
’ : . N - = ) -
. N - . . -
’ ElA/Mode! Documentation: Natural Gas Transmission and Distribution Mode! Volume | H-9
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Figure H-2. LP Matrlx Deflmtlon for the Capaclty Expansmn Module (CEM) (Contlnued)

/

TOBKSTOP

’Columns
PEN**N* * = Peak Firm.flow from node to node -
PIN**N=** =  Peak Interruptible flow from node to node
OFN*¥*N ** = Off-Peak Firm flow from node to node
OIN**N=** =  Off-Peak Interruptible flow from node to node ‘
PFS+4+N** = - Peak Firm flow from supply to node
PIS++N** = “Peak Interruptible flow from supply to node
OFS++N*#* =  Off-Peak Firm flow from supply to node .
OIS++N=** =  Off-Peak Intermpuble flow from supply fo node -
PEN**7@@ = .Peak Firm flow to end-use sector _
PIN**?7@ @ = . Peak Interruptible flow to end-use'sector . -
OFN**?7@ @ =  Off-Peak Firm flow to end-use sector
OIN**?7@ @ = Off-Peak Interruptible flow to end-use sector
PIQ**7@ @ - = " Peak Interruptible flow from backstop supply to énd-use sector
-0IQ**?7@ @ =  Off-Peak Interruptible flow from backstop supply to end-use sector
PFSTN** = Peaanmﬂowﬁomstorage -
PISTN** =" Peak Interruptible flow from storage
OFSTN=**. =  Off-Peak Firm flow from into storage .
OISTN** » =- Off-Peak Interruptible flow from into storage
SS&&N**# = 'Steps on regional supply curve * =~
STN**# = ’'Steps on storage capacity expansion curve !
C C**N**§ = Steps on pxpelme capacity expansxon curve
R HS = R1ght hand side of constxamt equauons R
Rows
CEMOBJ = = CEM Objecuve Function
CEMBND - = CEM Variable Bounds - :
MPFNx** - = Regional mass balance--Peak Firm network -
MPIN**’ =" Regional-mass balance--Peak Interruptible network :
MOFNX**. =  Regional mass balance--Off-Peak Firm network -
-MOIN** - = .Regional mass- balance-Off-Peak lmemxpuble network
MSTN¥** = Regional mass balance--Storage points . - :
"MPF**?7@@ .= End-use mass balance--Peak Firm network
MPI**?7@ @ = ' End-use mass balance--Peak Intefruptible network
MOF**?7@@ = End-use mass balance--Off-Peak Fimn network :
‘MOI**?7@ @ = End-use mass balance--Off-Peak Interruptible network
CPF**N*¥ - = Pipeline capacity limit-Peak Firm flow- -
CPI**N** = Pipeline capacity limit--Total Peak flow -
CON**N*>*, = -Pipeline capacity limit--Total Off-Peak flow
"CPFSTN** = - Regional storage capacity limit-—Peak Firm flow ‘
CPISTN** =  Regional storage capacity limit—-Total Peak flow =
- SPS++N** = _ Region supply limits for total Peak flows
SOS++N** " =- Regionsupply limits for total Off-Peak flows :
XXI1TOT. -~ = - Alpha comustraint to stop backflow of bkstop pnces .
TPBKSTOP = - Backstop used--Total Peak ) :

~Backstop used--Total Off-Peak .

- .
-Legend:

H-10

S

** = nodes 01-21, ++ = OGSM region 01-06, ? = sector code, |
@@ = CENSUS or NERC region, 01-13, # = step number on curve
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Figure H-2. LP Matrix Definition for the Capacity Expansion Module (CEM) (Contlnued)
Coefﬁcnems, Rxght Hand Side (RHS), and Bounds

TAR F = Interregional pipeline tariffs--Firm networks
TARI = Interregional pipeline tariffs--Intrp. networks
TARP =  Supply gathering charges--Peak networks
TARO =  Supply gathering charges--Off-Peak networks
.TARPF =  Distributor tariffs--Peak Firm network
TARPI "= Distributor tariffs--Peak Intrp. network
TAROF = Distributor tariffs--Off-Peak Firm network
TAROI = Distributor tariffs—Off-Peak Intrp. network ‘
PZZP1 , = Al fuel price for backstop supply--Peak Intrp. network A
PZZOI1 = Al fuel price for backstop supply--Off- PeaL Intrp. network
PSUP = . Pnces on supply curve steps (87$/mcf)
* .USUP =  Quantities on supply curve steps (BCF)
- PSTR ~ =  Prices on storage capacity curve steps (87$/mcf) . A
USTR =  Quantities on storage- capacity curve steps (BCF)
PCAP =  Prices on pipeline capacity ¢urve steps ($/mcf)
UCAP "=, Quantities on pipeline-capacity curve step (BCF)
MINPF = - Minimumi interregional flow--Peak Firm .
. MINOF =  Minimum interregional flow—-Off-Peak Firm © '
. PFSTU .. =  Maximum flow from storage to Peak Firm network
‘PFSTL =  Minimum flow from storage to Peak Firm network . -
PISTU = - Maximum flow from storage to Peak Intrp. network :
PISTL - =  Minimum flow from storage to Peak Intrp. network -
OFSTU =  Maximum flow from storage to Off-Peak Firm network
OFSTL = Minimum flow from storage to Off-Peak Firm network -~
"OISTU =  Maximum flow from storage to Off-Peak Intrp. network
OISTL =  Minimum ﬂow from storage to Off-Peak Intrp. network
"EP = Reglonal p1pehne efﬁcxency-Peak networks .
EO . = Regional pipeline efficiency--Off-Peak networks
EOSTR =  Regional storage efﬁcnency ' .
UPF = Uuhzauon factor for Peak Firm flows (1.e w33 *.95) : .
up - . = Utilization'factor for total Peak flows (i.e., .33 * .99)
'Uuo - = Utilization factor for total Off-Peak flows (i.e., 67 * 80)
-UPFSTR =  Utilization factor for Peak Firm storage flows
UPSTR =  Utilization factor for total Peak storage flows
UPP - = -Maximum % supply available for Peak flows (i.c., .33 * .99) .
UPO . = _.Maximum % supply available for Off-Peak flows (i.e., .33 * .85)
QDEMOPF . = Peak core (Firm service) demands (BCF) for year t+n+h or t+n . N
QDEMOPI = Peak noncore (Interruptible service).demands (BCF) for year t+n+h or t+n
‘QDEMOOF =  Off-Peak core (Firm service) demands (BCF) for year t+n+h ort+n '
QDEMOOI =  Off-Peak noncore (Interruptible service) demands (BCF) for year t+n+h or t+n
QSTRO = Existing + Planned storage capacity (BCF) for year t+n-
YSTRO =  Utilized capacity (BCF) in alpha loop’ 1 . )
ALPHA = - curtailment fraction (percentage)
PIDMD = Total Peak noncore (Interruptible service) demand (BCF) .
- OIDMD = Total Off-Peak noncore (Interruptible service) demand (BCF)

N
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Documentation -

CEM LP variable

Table H-2.- Cross Reference of CEM Variables Between Documentétion, LP, and Code

‘Code variable

Objective Function Variables:

b LT PFS++N** - PF_FLOW(s.i)
L & PFAK & PFFLOW
s PIS++N** PL_FLOW(S.)
' , & PIFLOW
% OFS++N** OF_FLOW(s,i)
: & OFAK & OFFLOW
., ; OIS++N** OLFLOW(si)
| & OIFLOW
=, PENweN** ' PE_FLOW() & PF
LT PIN**N#* | PL_FLOW(,j)
x*, OFN**N** OF_FLOW(ij) & OF
% ' , OIN**N** ' ' OLFLOW(j) -
Y PEN*@@ PE_FLOWG.d)
o \ | riNemee@ PL_FLOW(,d)
x*,, OFN**1@0@ OF_FLOW(i.d)
%, ) _OIN**2@@ " O FLOW(.d)
9z, - PIQ*@@ ) 'BKSTOP , -
qz2° ) oIQ*@@ BKSTOP
| - : PESTN** . PESTR . -
| X PISTN** - _PISTR
P OFSTN** OFSTR '
| 3% OISTN** OISTR . -
ysﬁp;k SS++N**# SQUANT(ns)
| QSTRO & ystr, ., STN**# . i | s -
QCAPO.& yeap,; CN**N** | qcap
Variable Bourids: ~ - - . '
USUP,,, - ' ‘usup SQDEL(ns) from SQUANT(ns)
USTR,.., | UsTR. QSTRCURV(i) & CEM_QSTR(i.nst)
J ucar,, ' UCAP. _ QCAPCURYV(:) & CEM_QCAP(inc)
MXSTR®,,  PFSTU, PISTU, . PFSTRBND,,, PISTRBND,,
(xx=PF,PLOF.0D) - -| oFsTU, OISTU - OFSTRBND,,,. OISTRBND, ,
MNSTR™,, " PFSTL. PISTL. PFSTRBND,;. PISTRBND, .
(xx=PFPL,  OF.01) OFSTL. OISTL OFSTRBND;,, OISTRBND,,
| PCTMFLOY, * ESTFLOW,, * SHR™," MINPF MINXPF .
PCTMFLO’, *: Esmow‘f‘. x smz‘DF ' MINOF MINXOF ~
MINBIFLO : - ! MINBIOF.MINBIOLMINBIFF,
MINBIPI
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Table H-2. Cross Reference of CEM Varlables Between Documentatuon, LP, and Code

(Contmued)
Documentation CEM LP variable Code variable
Objective Function Coefficients: ’
TAR’,. TARP TARP(styp,j.s)
TAR®,, TARO TARO(styp,j.s)
TARF,, TARF PTAR_COM_F(i)
TAR TARI PTAR_I(i.,j)
TAR™,, & TAR%,, TARPF & TAROF . NONU_DTAR_F(i,d),
UTIL_DTAR_F(i.d)
TAR",, & TAR%,, "TARPI & TAROI NONU_DTAR _I(i,d),
: UTIL_DTAR_1(i.d)
PSUP,,, | .PSup SUP_PR(styp4.s)
PSTR,, _ PSTR PSTRCURV(i) & PSTR &
. S . CEM_PSTR(i,nst)
PCAP,, . : PCAP PCAPCURV(i) & CEM_PCAP(i.nc)
PZZ%,, - PZZPL NG_BKSTOP_PR
Pzz%, PZZOI NG_BKSTOP_PR

Mass Balance Constramts at Transshxpment nodes ‘
equation: 50 '

rowname: MPFN**

rowname: MPFN**

equation: 51

- rowname: MPIN**

rowname: MPIN**

equation: 52

rownames MOFN**

rowname: MOFN**

equation: 53 rowname: MOIN** rowname: MOIN**
coefficients: . : s N , »
EFF, ’ EP AEFF_PIPE(Gj)
EFFy, EP SEFF_PIPE(s )
EFFOU EO AEFF_PIPE(i,j)
EFF°,; EO SEFF_PIPE(s,j)

Mass Balance Constraint at storage: -

equation: 54 - ‘rowname: MSTN** rowname: MSTN**

coefficients: S - ‘ o L

EFF%, G : EOSTR EFF_STR

Mass Balance Constraints at End-use nodes L

equation: 55 ' ’| rowname: MPF**?@@ rowname: MPF**?@@ :
QDEM(™,, " QDEMOPF, , QDEMOPF(i,d) & QDEMOPFU(i)
equation: 56 S - rowname: MPI**?@@ rowname: MPI**?@@

QDEMO™,, ‘ QDEMOPL, QDEMOPI(i.d) & QDEMOPIU()
equation: 57 ~ I o= rowname:'MOF**?@@ : rowname: MOF**?@@

QDEMO%, , ' QDEMOOF, , QDEMOOF(i,d) & QDEMOOFU(i)
equation:'58 rowname: MOI**?@@ rowname: MOI**?@@ ,
QDEMO0,, QDEMOQO]; , QDEMOOI(i.d) & QDEMOOIU(i)
coefficlents: ’ o a . .
EFF,, 3 FO NEFF_PIPE(i.d) & UEFF_PIPE(i,d) .
EFF°,, : - EP NEFF_PIPE(id) & UEFF;PIPE(Ld)

Pipeliné Capacity Constraints; -

rownéme: CPF**N**

rowname: CPF**N**

equation: 63

EIA/Mode! Documentation: Natural Gas Transmission and Distribution Model Volume |
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Table H-2. Cross Reference of CEM Variables Between Documentanon, LP, and COde

(Continued)
Documentation CEM LP variable’ Code variable
. equailon: 64 rowname: CPI**N** °- rowname: CPI**N** |
(CEM loop 2) (CEM loop 2) (CEM loop 2)
right hand side - QCAPO-YCAPO PCAP & QCAPO(i,j)-YCAP(,j,1)
equation: 65 rowname: CON**N** rowname: CON**N** _
coefficients CON**N*x PCAP
U™ UPF - UPF from ARC_PFUTILZ(ij)
U up UP from ARC_PUTILZ(i,j)
U, ‘Uo UO from ARC_OUTILZ(,j) *
Storage Capacity Constraints: 4
equation: 66 rowname: CPFSTN** rowname: CPFSTN**
equation: 67 rowname: CPISTN** rowname: CPISTN**-
(CEM loop 2) o (CEM loop 2) (CEM loop 2)
right band side ) QSTRO-YSTRO QSTRO(st)-YSTR(st,1)-
coefficients: .
UST™,, = UPFSTR | STR_FUTILZ
US'I" ;| s 'UPSTR STR_UTILZ(st)
Supply constraints:_ e .
equatlon- §9. R rowname: SPS++N** rowname: SPS++N**
euqations: 60,61 ) rowname: SOS++N** - rowname: SOS++N** -
.| Rowname/RHS: - .
UF,, - - UPP. UPP using
: - SUP_PUTILZ(styp,j,s) or
. -SUP_PKSHR(stypj,s) °
“UP%,; UPO UPO using
) . SUP, OUTILZ(styp,J.s) or
SUP_PKSHR(styp,j,s)
_ Alpha Constraint: i -
equation: 62 . . o . rowname: XXI'i_‘OT rowname: XXITOT
ALPHA. . ‘ ALPHA , ALPHA . .
DMD",, DMD%, PIDMD, OIDMD TOTDMD using -
EFF,, EFF%,, EFF, EFF ‘PIDMDTOT, OIDMDTOT
Backstop Variables: . N ’ '
ALPHA *SUM,, {DMD".rrry,, + DMD,JEFF,} | XXITOT - ALPHA* .
) : ) { (PIDMDTOT(d) + OIDMDTOT(d))
TPBKSTOP BKSTOP(d)
" TOBKSTOP BKSTOP(d)
Post_processing Tesults: ' ,
PhyCap; PNEW_CAP(i,j)
StrCap,g PNEW_STR(i)
ECAF,; REC
UTILZ™, PEAKPCNT * ARC_PFUTILZ(ij)
ECAPT. REC .
UTILZ’ PEAKPCNT * ARC PUTILZ(:,])

ij = nodes, § = source, d = demand node, nc = steps on pipe cap curve, st = = steps on stongg curve, styp = = source type, st = storage node

yr =.year, bnd = lowerlupper bound.”

l
b

[
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fable H-sf Cross Reference of PTM Variables Between Documentation, and Code
Documentation Code Variable Equation #
R, RF 95,97, 98
R, RV ’ 96, 99, 100 -
ALL, ARF(rd,i) 95
ALL, ARV(rd.i) 9
R, COST(1,j) 95, 96
Ry, RFRG) 97
R, RFU(i) 98
IR . RVRG) %
| Riv RVU(@) 100 .I
La, AFR(rd) 97 |
ALL,, AFU(rd;) | o8 |
ALL,, | AVR@ai) 99 |
ALL,, | Avuey 100 |
R ’ Not used 101 I
Ry RFR(18) 101
' VAAARE PS(P,AF,AT) 101
R,, 'FCR,VCR,FCU,VCU : 102 ) "
PMAX"! MAX(AF,AT) 106 1
INDUSTRYGPIS,, | PLTOGPIS] 142 |
GPIS, , ' PGFIS 139, 141, 142, 148, 175, 179
GPIS,, = | prgR1s .- 175, 179
YEAR 19894CURIYR 175 lﬂ
TYEAR 1989+CURIYR - 178 ‘
Bo OWC_BETAO 148
B1 OWC_BETA1 1 148
p2 OWC_BETA2 148 o
p OWC_RHO 148 '

El

’
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Ta_blé H-3, Cross Reference of

PTM Variables Between Documentation, and Code

(continued)
Documentation Code Variable =~ ' Equation # - -
Bo TAG_FD, 175 (existing pipeline)
B1’ TAG_TEMP(1,1) R 175 (existing pipeline)
B2 TAG_;'I'I:;MP(I.Z) 175 (existing pipeline)
B3 TAG_TEMP(1,3) 175 (existing pipeline)
P TAG_RHO_E 175 (existingr pi»peline)
B0 '| (1-TAG_RHO_G)*TAG_TEMP(2.1) | 175 (existing pipeline)
Bl TAG_TEMP2.2) | 175 (generic pipeline) |
2. ' TAG_TEMP(2.4) 175 (generic pipeline) "
p3 TAG_TEMP(23) 175 (genéric pipeline) R II
10 - K - TAG'_RH'O:_;G ' 175 Lgéna-ic pipeline) ,
WAGE, “TAG_SALARY 175 B "
A wacg,, -, . P_TAG_SALARY - 175 "
|Lgo ADIT_TEMP(i,3)+ADIT_ED _ 150 :
LB | ADIT_ADIT = ADITTEMPALY - | 150
g2 ADIT NETPLT = ADIT.TEMP(2) | 150 -
B DDAFD . . 144, 172 "
|l 81 DDA_NETPLT 144, 172 "
B2 'DDA_DEPSHR" w1 B
P ] DDA RHO.E- 144, 172 /
" |_opa, DDASL, DDARICT). - ... 146,174
B | ToMED .. - 178 -
I 61 ) TOM: TEMP(1.1j R RE
B2 TOM_TEMP(1.2) .. 178
B3 “TOM_TEMP(1.3) 178 K
Las | Tom_TEMPOL) | 178
p | roMRrHOE 178’
WAGE, | . TOM_SALARY | 178
{| wAGE,, P_TOM_SALARY 178
MILE MILE_FD 178

i
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Table H-3. Cross Reference

of PTM Variables Between Documentation, and Code ‘

(continued)
Documentation Code Variable 'Equation #
) | TOM_TEMP(2,1) 179
ol .TOM_TEMP(2.2) 179 -
02 TOM_TEMP(2,3) 179 ' '
03 TOM_TEMP(2,4) 179
p TOM_RHO_G 179
"_PEQUIP TOM_PP 178, 179

"a
‘e

o e e e ———— e oy == P s o ot

T- Pipeline type, t - year, rd - rate design index, i - node " -

=t

\e

-
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, 'Model:Equations

. This appendix presents the mapping of the equation (by equation number) in the documentation with the subroutine
in the NGTDM code where the equation is used or referenced.
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Dok

~ Chapter 3 Equations
EQ. # SUBROUTINE
1 (Firm) | NGTDM_CRVNONUEX'
(Initerr.) | NGTDM_CRVNONUIX"
2 . | NGSYN_LIQH"
36 - | NGCAN_IMP" -
7 . ' (onshore & | NGTDM_PRE
. offshore) - . - -
812 (onshore) | NGPRD_LAS"
. e (offshore), NGPRD_OCS
13-19 ~ - | NGTDM_DMDALK
- * Function . ‘ s >
A ’
_ -Chapter.5 Equations
EY - | suBrouTINE - -
2022 s Not applicable -’ ‘
23 | NGTDM_LPSLNGTDM_LPELNGTDM_EFELP,
. | NGTDM_TARPLNGTDM_TARDLNGTDM_SUPCI,
NGTDM_UTILCINGTDM_NONUCL NGTDM.EXCI,
{ 2427 NGTDM_CAPI._
28-29 'NGTDM U'I'ILCI,NGTDM NONUCI,NGTDM EFELP,NGTDM LPEI
30 NGIDM_SUPCI
31,34-35 - 'NGTDM_CAPI .
3233 . ‘| NGAFM_SUPMIN-
36 PROPEROUT -
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Chapter 6 Equations
EQ. # SUBROUTINE ' )
37 NGTDM_POSTNONU
38 ) NGTDM_DTM
39,41 - NGIDM_HISOVR
40,42-44 NGTDM_POSTNONU °
45 NGTDM_DTM
4647 NGTDM_HISOVR
s | NeTDM_POSTUTIL




‘ _ Chapter 7 Equations
EQ. # SUBROUTINE . o -
4 - CEMLPSNY, CEMLPNE, CEMCANIMP, CEMFLOWNN,
. CEMSUPCI, CEMSCAP, CEMBACK, CEMPCAP, NGCEM _ADISTR,
| NGCEM_ADICAP _
50-53 | CEMLPST,CEMLPNN,CEMLPSNB
RN | CEMLPST
1 5558 CEMLPNECEMDMD . .,
59 CEMLPSUP,CEMCANSUP, CEMSUPCI
1l 60 " " CEMLPSUP,CEMSUPCI'
61- CEMLPSUP,CEMCANSUP,CEMSUPCI
62 UPDTRHS ‘ |
63 CEMLPCAP,CEMCANIMP,CEMDMD,CEMPCAP
s RESET_RHS,CEMLPCAP,CEMCANIMP,CEMDMD,CEMPCAP
1l-65 CEMLPCAP,CEMCANIMP,CEMDMD,CEMPCAP - .
66-67 CEMLPST_UTIL,CEMSCAP,RESET_RHS. A
68-69° CEMCANIMP CEMFLOWNN )
70-11 | RESETMATRIX

- |21

GETSOLUTION1

| 7475

NGCEM_AFMUTILZ

GETSOLUTION2 =~ = L

'"'76-77-. N IR

T
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Chapter 8 Equations .

-175-180

EQ# . SUBROUTINE

78-94 'PTMA_CALCULATE_COST

95-100 .| PTMI_TRNS_COST_OF_SERVICE

101-102 PTM4_BASE_YEAR_PIPELINE

103-104 | PTM4_BASE_YEAR_PIPELINE, PTM6_FORECAST PIPELINE ,

105-130 - PTMD_ALLOCATE_ ARC_LEVEL_COST )

131132 PTM9_EXPAND_GENERIC .

1332137 PTM2_BASE_YEAR. INITIALIZATION

138 - PTMA_CALCULATE_COST

139 . PTMA_CALCULATE_COST, PTM7 7_FORECAST_COST
|l 140-145 'PTM7_FORECAST_COST

146 PTM9_EXPAND_GENERIC

147-148 PTM7_FORECAST_COST =

149 PTMA: CALCULATE_COST

150-151 PTM7_FORECAST_COST

152 .PTM7_FORECAST_COST, PTM9_EXPAND_GENERIC

153-166. | PTMA_CALCULATE_COST ’

167. PTM7_FORECAST._COST.

168 | PTMA_CALCULATE_COST

169 |- PTM7_FORECAST_COST _

170-171 PTMA_CALCULATE_COST

172173 ° PTM7_FORECAST_COST

174 PTM9_EXPAND GENERIC '

PTM7_FORECAST_COST
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Parameters Defined for the NGTDM

’

Variable Include Value Definition
CEMN NGTDMLOC 2 Number of ycérs ghead for cap expan. '
CEMNS NGTDMLOC 6 Number of steps on cap expansion curves

“ FHISYR .NGTDMLOC 1950 First historical year . ‘

" IBASYR NGTDMOUT 199 First year in simulation. l
IENDYR NGTDMOUT ‘MNUMYR+IBASYR-1 Last year in simulation l
JARC . T, ., - NGTDMLOC ;5 Max # of arcs into node "

" Isup NGTDMLOC 4 Max # of supply sources into node "
JTOTsup NGTDMLOC NSUPTYP*NGTDM*ISUP Max # of total supply connections

' JTREE " NGTDMLOC 6 | Max # of branches on'level of tree '
TR NGTDMLOC 4 . Max # of dmd reg. Per node "
LHISYR NGTDMLOC 11993 Last historical year "
MAX_CT ° " NGTDMPTM 2 Max num’of cost types

. e - 1 =transportation cost
- 2 = storage cost .\

MAX_DESIGN ., NGTDWTM . 3 ‘Maximum n_umbcrlof rated.design types )l

l MAX_EXPANSION |. NGTDMPTM " CEMNS Maximum number of expansions’

" MAX_ITEM NGTDMPTM 18 . Maximum riumber of cost line jtems -

H| N ¢ . .
MAX_PIPE - NGTDMPTM . - .. 80 Maximum number.of pipeline companies
MAX_PT - NGTDMPTM . " 4 Max num of cost types L

' C . 1 = individual pipeline
- ’ . "2 = scaled cost data’
. - . . - |3 = 1990 hist by arc o
. 4 = generic company databy arc, " - ’
MAX_STEPS " NGTDMPTM CEMNS ' Maximum number of steps
MNENGSS OGSMOUT .4 1 IMEX Region - ;
‘ ) - 1 = Canada
. 2= Mexico{
-3=1ING
' 4=Net Imports

ElA/Model Dbéigmentaﬂp’n: ‘Natural Gas Ttansnilnion’ and Distribution Mods! Volume | . .
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Parameters Defined for the NGTDM

. .
. 4 A -
e ———————— =

Variable ° - Inclide Value Definition_
I C ,
MNOGDTP OGSMOUT - 4 Drilling regions
- 1 = Lower 48 States—Onshoré
1 2 = Lower 48 States—-Offshore
23 = Alaska
. 4=US - I
MNOGRGN OGSMOUT 10 OGSM reporting regions
; ' ' s 1 1=East Coast 5
,.‘; ‘ ) 2 .= Gu]f Cm
_— 4 3= Nﬁd-Conﬁgenlal
’ : "4 = Perm Basin
i . 5= Rocky Mopntains '
- : 6 = West Coast
' " . 7 = Gulf
8 = Pacific
9= Atlantic
) . *| 10 =Lower 48 States
' MNUMP. - 'MPBLK ro1 e # of NEMS price variables - "
MPSIZE MPBLK _ MNUMP*MNUMCR*MNUMY - | Size of price amray
. - A R - . R
NAFMIO _ OMLBUF ™ - . T 100,000 Size of workspace for AFM matrix -
NALKREG - NGTDMOUT ‘3 #.of Alaska supply regions -
NCAN . * " NGTDMOUT | - *~ 6, “# of boarder crossings into Canada ’ "
NCEMIO _ " OMLBUF 2130000 Size of workspace for CEM matrix
NDSTEP - NGTDMLOC ., 4 Number of steps on half of dmd curve
. NEMMREG * NGTDMOUT ’ 13 # of EMM electric generatocs dmd regions
NEMMSUB NGTDMOUT, 20 # of NGTDM/EMM.subregions .
NGIDM - . NGrDMLOC - | .21 'Number 6f NGTDM nodes
NLNG NGTDMOUT * 4 # of potential sup LNG soufces
NMEX NG’I'DMOU'i' ) 3 " #of boarder crossings into Mexico
NNCEN NGTDMOUT 9 -# of Census divisions
NNGREG - NGTDMOUT 12- # of NGTDM regions (excluding boardsr -
: : T - : .crossings) . . .
NOCSREG' NGTDMOUT 3 # of off-shore supply regions

LY
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Parameters Defined for the NGTDM

Variable Include Value Definition
NONUSEC NG'I'DMLOC 4 Number of non- electric generators sectors
NPREG - NGTDMOUT NSUPREG+NOCSREG # of OGSM regs (6-0n,3-0ff) -
| NSDOMREG NGTDMLOC NOCSREG+NSUPREG # of ffshore and OGSM supply regions "
I NSSTEP ' - NGTDMLOC 9 - Number of steps on supply curve =~
NSUPREG - " NGTDMOUT | 6 | # of OGSM supply regions
NSUPSUB "| Neromour 17 # of NGTDM/OGSM subregions
NSUPTYP NGTDMLOC 8 Number of supply types
8 Number of leye;'ls on tree I
10 Number of nodes with storage

RN

T T A

~

¥
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Vanable Deﬁmtlon List for NGTDM Global Variables
Grouped by Fortran INCLUDE Statement
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INCLUDE (CAPEXP)
Variable Common Name | Characteristics Definitions
CAPENT CAPEXP ' | Dimen: MNUMYR

Units: 87

_ Capital expeﬁdituxes for capacity expansion in the
NGTDM .-

INCLUDE (COALOUT) .-

:J;.
Variable : Common Name | Characteristics Definitions o "
. I =
CLSYNGQN COALOUT | Dimen: 17,MNUMYR Coal- Syn NG quantity
Units: Tril. BTU' )

INCLUDE (CONVFACT) .
" Variable Common Name | Characteristics Definitions ' ' "
CFNGC CONVFACT | Dimen: —, Natural Gas. Consum/Prod conversion factor:

: PR “| Units: MMBuwimef 1031 MMBu/mef - . ~
CFNGN - CONVFACT | Dimen: — . ‘Natural Gas. Noputil conversion factor: / )
toL Units: MMBwmef 1.030 MMBw/mef ) '

CFNGU . - CONVFACT .| Dimen: — . ‘Natural Gas. Util conversion factor:
’ Units: MMBtw/me 1034 MMBru/mef

INCLUDE (EMABLK) .

Variable Common Name ~ Cl;aracteristis . Definitions
Dimen: MNUMYR® . “Elec Util. carbon tax for emissions from NG

EMABLK

Units: 87S/MMBui ~ -




INCLUDE (EMISSION)

Variable

Common Name

'} Cﬁamgtexisﬂts -

Definitions

EMISSION

.

Dimen: MNUMCR,MNPOLLUT,MNUMYR
-Units: 1000 metric tons

Y

NGTDM Emissions by Region

INCLUDE (EMMOUT/UGOILOUT) .
Varisble - | CommonNeme | Characteristics Definition ||
QRLELGR - UGOILOUT * . | Dimen: 21,MNUMYR LS Resid. use in D_F plants
. : Format: real*4 g
QRHELGR. : - UGOILOUT | Dimen: 2LMNUMYR HS Resid, use in D_F plants
I ’ . Format: real*4 . - :
GSHRMIN - UGQILO{UT Dimen: 21, MNUMYR Mm gas use in D_F_‘plants )
o ' Format: real*4 e T oL
|l eraTMIN . UGOILOUT | Dimen: 2LMNUMYR - . | GIO peice ratio at minimum
o Format: real*4 ot ,
GSHRMAX I:IGOII.DUT - | Dimen: 21,MNUMYR Max. gas use in D_F plants
: v Format: real*4 -~ B :
GRATMAX UGOILOUT Dimen: 21,MNUMYR | GIO pice ratio at maximum
- Format: real*4. '
GSHRPAR 'UGOILOUT- | Dimen: 21 MNUMYR Parity gis use in D_F plants ’
- R 1 Format: real*4 o v .
" GRATPAR “UGOILOUT * | Dimen: 21,MNUMYR GIO price ratioat par . _
‘ - Coe Format: real*4 -~ ot e

J6

s
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INCLUDE (INTOUT)

Variable ‘ Common Name Characteristics ’ Definitions

Dimen: MNUMYR.2 World oil price
Units: 87S/BBL

“ .. . " - INCLUDE (MACOUT)-
Vadable . . ‘| CoimohName | Characterisis .  ° |.Definitions
MC_ECIWSPNS MACOUT‘ ’ ‘Dimen: MNUMYR Employment cost index-pvt wage&salary \ .

. 3 Units: — . . B ’ .-
.MC_PGDP  MACOUT | Dimen: MNUMYR - - | Implicit GDP price deflator I -
Units: = ©~ - - _ : ) 1

MC_RMPUAANS MACOUT | Dimen: MNUMYR Yield on AA utility bonds

S Units: — ' : i
MC_WPI | Macour Dimen: MNUMYR Producer Price Index (82=1.0)

- - Units: —- - ’

; INCLUDE (MXPBLK)

Varable Common Nﬁe éharacterlsﬁs . ) Definitions |

XIT_WOP "MXPBLK Dimen: "MNXYR,2 Expected world oil price * -

’ « | Units: 87S/BBL "
XOGWPRNG ) MXPBLK - Dimen: MNUMORMNXYR | Expected NG welihead price
' , . Units: 87Sfmef _ - )

_—-———.—-——_—_—%_J'_
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INCLUDE (MXQBLK)

||’

Variable' Common Name. | Characteristics , Definitions
' XQGFCM MXQBLK Dimen: MNUMCR,MNXYR Exp&ted demands for NG by firm commercial
’ ] - Units: Tril. BTU sector
XQGFEL . .MXQBi.K Dimen: MNUMCRMNXYR I:prected demands for NG by firm electric "
1. : Units: Tril. BTU . ~ generation sector :
| xQGFN - " . MXQBLK Dimen: MNUMCRMNXYR Expected demands for NG by firm industrial sector -°
' X . Units: Tril. BTU - : s
: XQGFRS o ‘MXQBLK Dimen: MNUMCRMNXYR Expected demands for NG by firm residential sector
T L Units: Tril. BTU ' ’ ' -
| XQGFIR: S MXQBLK . | Dimen: MNUMCR.MNXYR | Expected demands for NG by firm transportation -
S = Units: Tril. BTU - - | sector e o a0
. XQGICM e MXQBLK Dimen: MNUMCRMNXYR Expected demands for NG by mten'upu'ble
. - : Units: Tril. BTU comumercial sector 3
’ XQGIEL . MXQBLK Dimen: 'MNUMCR.MNXYR Expected demands for NG by interruptible elcctric '
- . . Units: Tril. BTU generation sector
E ‘XQGIIN MXQBLK a Dimen: MNUMCRMNXYR ‘| Expected demands for NG by interruptible industrial
. . N Units: Tril. BTU "sector
‘XQGIRS - 1T .MXQBLK Dimen: MNUMCR,MNXYR | Expected demands for NG by interruptible
. - N Units: Tril. BTU residential sector”
"I XQGITR MXQBLK . Dunen MNUMCR MNXYR 'Expected demands for NG ‘by interruptible
N | S Units: “Tril, BTU transportation sector
XQNGELCN MXQBLK | Dimen: 2L,MNXYR Expected demands for NG by competitive electric _
) ’ Units: Tril. BTU" ° | . generation sector NGTDM/EMM subregions)
' "XQNGELFN .MXQBLK ‘D_imen: 21MNXYR Expected demands for NG by firm electric
’ ‘ Units: “Tril. BTU - generation sector (NGTDM/EMM subregions)
XQNGELIN MXQBIK : Dimen: 2IMNXYR Bxpected demands for NG by mterruptible electric
- - ’ - Units: Tril. BTU generauon sector (NG’IDMIEMM subreglons)
N
48
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INCLUDE (NCNTRL)
Variable Common Name | Characteristics Definitions
BASEYR " NCNTRL Dimen: -— Base yearin NEMS (e.g., 1990)
Units: - . h
CURITR NCNTRL Dimen: — Curtent iteration in NEMS (e.g.,1,2,3...)
’ | ’ Units: - N
CURIYR - NCNTRL Dimen: — Current year in NEMS (e.g., 1,2,3,...)
, o Vit - ! ;
ENDYR NCNTRL | Dimen: — Last model year curently available in NEMS (i -
-— T Units: — 2010) . b
EXE | 'NONTRL T | Dimen: — Onoff flag for the EMM o
’ Units: —- ) '
FCRL ' NCNTRL Dimen: —  Switch indicating if NEMS has converged for a year
cr oL Units: — . S ’
IRELAX . NCNTRL' | Dimen} — Switch to run'relaxation routine in MAIN
) ' ‘ Units: <~ ) ’ D -
LASTYR r|. _NCNTRL - Dimen: — Last year the model has been defined by IJSCI: torun
"Units: — . ‘(e.g.', 2000 or 2010 or ...)
’ MAXITR NCNTRL Dimen; - Maximum itefations defined by user
- Units: — , : ' ’
. Switch indicating the report writing loop within NEMS
On/off flag for NGTDM trace reports




INCLUDE (NGCEMRPT)

Variable ' Commeoen Name Characteristics” . Definition

BKSTOP "4 . CEMRPT Dimen: NNGREG | * |- Total backstop supply from LP soln
\ Units: Bef. . : :

“ OPSUP : " CEMRPT Dimen: NSUP’I’_YP,NGTDM,# - Off-peak supply from LP soln _
) © o+ | Units: Bef '

PESTN° CEMRPT . | Dimen: NUMSTR | Peak firm storage usage from LP soln
: L : Units: Bef : S

PKS’IN : : CEMRPT Dimen: NUMSTR - Totalpeaksuxagegsagefrpml.?soln ‘ i
: "+ { Units: Bef R I . . : "

PKSUP - - | . CEMRPT Dimen: NSUPTYP,NGTDM,4 ‘| Peak supply fmm:’LPso]n_ : L
- 1 - .7 | Units.Bof . S BT

" INCLUDE (NGGLOBAL)

L

g

Varisble ‘- Common Name. Characteristics ) : 11 Definitions. - , T "

~ .
~ DN ’ - N
. . ’ D

_‘NGDBGCNTL‘ TRACERPT - Dimen: 420 . . :,NGTDMtraecﬁ'quency switch_ : o "
- T Units: — . ‘ ' :

NGDBGITR  TRACERPT- | Dimen: 420- - * | Report for cumrent iteration
. R o U . - o

"NGDBGRPT™ .- ° TRACERPT | Dimen: 4,20 NGTDM trace report switch

Units: — .
———— ]
L Y b - -
v - . - . - .
b - Y -, - -
- ; .
. . . ,
’ . e . N N . N
~ - - .
1 - - .
= 0
’ - . -
) ;
L - -
- o PN .
. o R
,
7 . . L. . .
- i - *
. .
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INCLUDE (NGRPT) _
Variable Common Name Characteristics Definitions
' AEU_PR NGRPT Dimen: 12,3,MNUMYR Average regoinal end use price
Units: - '
AEU_TOT NGRPT ' | Dimen: 3;MNUMYR Average end use price ~ firm/interruptible total
’ : Units: ~- - - '
AMH_PR NGRPT Dimen: lZ,S.Mi‘IUMYR - Average markct‘lmb price.
’ - Units: --- ' ' .
AMH/_TOT NGRPT Dimen: 3MNUMYR Average market hub price total
, ’ Units: ~- -7
AVG_CONS_CF NGRPT Dimen: -MNUMYR : Average consumption cost --Firm w/intraregional
’ - l}nits: b : !
AVG_CONS_C1 ) NGRPT .| Dimen: MNUMYR Avmgc"consumption cost --Interruptible
’ Units; — - wlintraregional
AVG_TRAN_CF ." NGRPT Dimen: MNUMYR Average transpotation cost—firm
T ! Units; — o o
AVG_TRAN_CI NGRPT Dimen: MNUMYR . Average transportation cost—interruptible
' T Units: — : -
CAP_CEN NGRPT Dimen: 11 4,MNUMYR ‘Capacity entering node census divisiod
| Unitst — ; ' -
CAP_CEX NGRPT ~Dinien: 11 4,MNUMYR: Capacity exiting node census division
- “Units: - . )
CAP_NEN NGRPT Dimen: 14 4.MNUMYR Capacity entering node'(NQTDM)
¢ Units: -~ - )
CAP_NEX NGRPT Dimen: 14,4,MNUMYR Capacity exiting node (NGTDM)
K ’ . “Units: — ’ .
CONS NGRPT Dimen: 123MNUMYR | Regional consumption |
- . "Units: — :
CONS_TOT " NGRPT Dimen:  3,MNUMYR Total consumption for al} regions
' Units: —- - . ' )
DIST_NONU_F) NGRPT -Dimen: MNUMYR Firm distribution for non utility ’
) Units: —- '
DIST_NONU_I NGRPT Dimen: MNUMYR Interruptible distribution for non uiility
’ Units: = © .-
DIST_REV - NGRPT * Dimen: 3,3.MNUMYR Total US disnibuﬁon‘ -
: Units: - B ‘
ElAModel Documentation: Natural Gas Transmission and Distribution Model Volume | - 411
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INCLUDE (NGRPT)

-

Variable

Common Name

CHaracteristics

Definitions'

DIST_UTIL_F

'NGRPT

Dimen: MNUMYR
“Units:

Firm distribution—utility

“‘.IJ

DIST.UTIL1 .

NGRPT

Dimen: MNUMYR
.Units: —

Interruptible distribition--uility

“ DOMSUP

NGRPT ..

- Dimen: ' 12MNUMYR
Units: —

Dorhestic Supply--by region--(bcf)

DOMSURTOT |

NGRPT ~

Dimen: MNUMYR

| Units: —-

‘| Domestic Supply--national--(bcf)

END_USE_AL

" NGRPT

Dimen: 2,4:MNUMYR
Units: - ’

Eqdusey consumption a.ctiyiiy level

MOVE_AL

. f

-NGRPT.

Dimen: “3,MNUMYR
Units:~ - ’

~ | Interstate movement activity level

NGRPT - -

.Dimen: ‘3.4,N_INT:MYR

Units: - .

Firm interstate transmission

NGRPT .

Dimen: 12,MNUMYR
Units: - .

. Net imports—-regional-(bef)

J-12

NGRPT

Dimen: MNUMYR"
Units:'. -

Net imports--regional--(bcf)
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'INCLUDE (NGTABLE)

|

Variable Common Name | Characteristics Definitions
DIST_NET_NF .} - FDISTVARS Dimen: - Firm net distribution, nonutility
e Units: -
DIST_NET_NI "FDISTVARS | Dimen: — Interruptible net distribution, nonutility
: . . ’ Units: . - ' :
DIST_NET_UF . FDISTVARS Dimen: - Firm net distribution, ufility
DISTNET.UI - . |  FDISTVARS | Dimen: — " Interruptible net distribution, wility
Co. o | Units: — o ‘

EXPORT.F FENDUSE - | Dimen: — Fim expots

e ' Units: — '

EXPORT.I FENDUSE - | .Dimen: -~ Interuptible exports u
’ g . | Units: — . ’

EXT ARCMAP © -  FEXTMAP . ‘ ADimen:.NGTDIM,G . Inverse of NG ARC_MAP .
. N v Unhs: — - - -
EXT_ARCNUM |  FEXTMAP | Dimen: NGTDM Number of exit arcs from node ~- ‘
C : { Units: — < o " )
LEVEL_F FALVARS | Dimen: —: -Firmlevel of interstate movements .

’ - “Units: — o ’
LEVEL1 FALVARS . Dimen: - | Interruptible Jevel of i_mc:st;uc movements ) .
‘ s Units: — - : .

NONU_QTY_TF - 'FENDUSE Dimen: —, Total firm nonutility--all regions and sectors ’ I
S K © | Uit — : o -
NONU_QTY_TI FENDUSE | Dimen:'— Total intermuptible nonutility—all regions and sectors
, -t ' Units: - : o : )
'R.E'NT_NF FINTVARS Dimen: — . Négative firm rent
' | Units: - )
"RENT_NI i FIN’I‘V‘ARS ’ 'fi_imen: - Ncéative interruptible rent I
\ : ' Units: - -
RENT_PF FINTVARS | Dimen: — Postive fir rent
Units: - -
RENT_PI FINTVARS Dimen: -- Postive intcrrupu'blg‘rem
* { Units: — . T

TOTAL_F . FINTVARS Dimen: - Total firm revenue .
! . Units:. — i ) .

- EIA/Model Documentation:* Natural Gas Transmission and Distribution Moclel Volume | ° J-13
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INCLUDE (NGTABLE)

Variable Common Name Characteristics Definitions
TOTAL_I FINTVARS Di.men: - Total interruptible revenue . ‘

- ’ Units: — . N - "
UTIL_QTY_TF FENDUSE | Dimem: — Total firm utlity-il regions and sectors ‘
’ . ’ Units: - -
Umo‘m’_n " FENDUSE Dimen: —- Total interruptible ut;'].ity—-ai] regions and sectors
: L - Units: — - o

T g4

- <
N .
\
’

’
3
A ~

<
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1

Units: — .

NGTDM source and dest nodes
{1=source, 2=dest) :

INCLUDE (NGTDMCEM)
Variable Common Name | Characteristics - Definition
ARC_OUTILZ . CEMDAT Dimen: 21,21 Max off-PK utilization of total cap
. " | Units: fraction available"during off-PK period
~ ARC_PFUTILZ CEMDAT Dimen: NGTDM,NGTDM Max PK firm utilization of total cap
: Units: fraction available during PK period
ARC_PUTILZ CEMDAT Dimen: 21,21 Max PK utilization of total cap available
‘Y, : Units: - fraction during PK period ’
B’ LPNAME3 Dimen: — Single letter, used to define LP variables
T R Format: char*1 ' |
c LPNAME3 | Dimen: — - Single letter, used to define LP variables | -
’ - - | Format: char*l ) . )
Clnot used PRDCAPDAT - | Dimen: NPREG Estimated parameters for productive
’ © ). Units: — capacity equations
- - -
C2--not used PRDCAPDAT -Dimen: NPREG Estimated parameters for productive - || -
) Units: — capacity equations ’
- C3--not used PWDAT " | 'Dimen: NPREG - Estimated parameters for productive :
) B © | Units — - capacity equations ’ .
C4-notused * . 'PRDCAPDAT _ | Dimes: NPREG Estimated parameters for productive
T : . ‘ “Units: — | capacity equations . - -
C5-notused - PRDCAPDAT- * | .Dimen: NPREG Estimated parameters for prodictive
- o S Units: — ’ eapw:tx equations A
'CANFLO_PFSHR ‘CEMDMDS | Dimen: - . PK share of firm imports from Can.
, ' ‘ - | Units: fraction - . I
I E * "LPNAME3 ° | Dimen: — Single letter, used to define LP variables
’ , o Format: char*1 - :
' EC LPNAME3 Dimen: — Double letters, used to define LP l
E Format: char*2 variables
EM I;PNAMB . Dimen: -- DoubIeAlctters, used to define LP
! ) . Format: char*2 - variables
EXP_I;SHR i CEMEXP Dimen: 9 i Peak share of annual exports
' . Units: fraction
' EXPMAP CEMMAP .| Dimen: 29 ID's 9 export box;der-cxossing arcs by

~

-,
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INCLUDE (NGTDMCEM)

R

“ |
||’

B

Variable - Common Name Characteristics Definition
F _ LPNAME3 | Dimen: — ; Single letter, used.to define LP variables
N Fmt:_char‘l ) I
|| BaLPHA ALPHADATA | Dimen: — -A tracking of the high alpha value last
. . ' Units: fraction used (real*8)
LALPHA ALPHADATA | Dimen: — - - A tracking of the low alpha value last
' ’ Units: fraction used (real*8)
|| LasTALPHA - 'ALPHADATA ~ | Dimen: — A tracking of the alpha value last used
g - ’ Uﬁigs: fraction (real*s) - . ‘
M LPNAME3 | Dimen: — Single letter, used to define LP varisbles [
) ) Format: char*] : - :
N ; LPNAME3 ~ | Dimen: — Single letter, used to define LP variables
) - - Format: char*]. E T
NONU_POSHR_F ‘CEMDAT- " | Dimen: -2,4NNGREG PK, off-PK split of core (firm) nonutil
) g .0 Units: fracion - . - - dmd ‘ T
NONU_POSHR I . CEMDAT | Dimea: 24 NNGREG" PK, off-PK split of noncore (interrup.)
. ' - ’ Units: fraction nonutil dmd
0. ; 'LPNAME3 Dimien: — Single letter, used to define LP variables
o ' '} Format: char*1 Cos :
OBICEM LPCEM . . | Dimen: = Objective function naine for use by OML
- ’ Format: char*8 | L s
OF_FLOW t  cemrLOW Dimen: 21,21 Resulting off-PK firm flow along network
OFSTRBND . STRBND .Dimen: NNGREG.2 ~ Bound on OF flow into S;orage (1=lower,
) ' ‘ 1 Unitst Bef 2=upper) o
] ‘o1 LPNAME3 - | Diment —- - Double letters, used to define LP ' |
’ - | Format: char*2 variables it
OI_FLOW CEMFLOW Dimen: 21,21 Resulting off-PK interrup. flow along- I
’ Units: Bef network arcs o .
' O_ISTR‘BND S;I'RB_I\'D Dimen: NNGREG,2 - ‘Bound on OI flow into storage (I=lower,
' . Usiits: Bef | 2=upper)
" OPPCNT ) . CEMDAT Dimen: — - i -} Off-PK period as percénl of yeax" ‘
- ~ Units: fraction - - - S
P " LPNAME3 - | Dimen: — ° . Single letter, used to define LP variables -
: ' »o. .Y Format: char*l - N , '
R T-R ,EIAIMAde‘I Doct;mentatlpn:‘ ‘Natural Gas Transmission anHDistrlbutiqn Model Volume |
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INCLUDE (NGTDMCEM)

Variable Common Name Characteristics Definition . /
PCTMIN_OF--not used CEMDMDS | Dimen: — - =notused =
- ‘ Units: — .
- I
PCI'MIN_PF—-not-uscd CEMDMDS Dimen: — ==npotused= = *+ -
b : ) - Units: — .
PEAKPCNT CEMDAT Dimen: — | P period as percent of year ,
T : Units: fraction - .
¢ . - o
'PE_FLOW CEMFLOW Dimen: 21,21 " Resulting PK firm flow along network .
' . Units: Bef { arss '
* || pFsTREND * .STRBND | Dimen: NNGREG2 Bound on PF flow out of storage -
- S i " | Unitst Bef - (1=lower, 2=upper)
Pl LPNAME3 Dimen: =~ Double letters, used to define LP
‘ _ ’ Formit: char2 variables .
PLFLOW CEMFLOW Dimen: 21,21. Resulting PK interrup. flow along ~ _°
’ © " | Units: Bet- network arcs L T
‘PISTRBND, ‘ STRBND. ‘ | Dimen:. NN'GREG,Z Bourd on PI flow out of storage
S ) Units: Bef . (1=lower, 2=upper)
PRDCAP89--not used - PRDCAPDAT | Dimen: NPREG Hist 1989 prod cap by QGSM
’ - Units: — . : )
l PRDCAP90--not used PRDCAPDAT Dimen: "NPREG Hist 1990 prod cap by OGSM - .
. S ’ ) Units::—~ - :
" PRDCAP9]--not used PRDCAPDAT ) Dimen: NPREG s Hist 1991 prod uﬁ by OGSM . i
C ‘ ' : Units: = ~ .
Q- ’  LPNAME3 Dimen: - Single letter, used to define LP variables
Format: char*l" = ) '
|| - QCAPO RESE_T . D}n}en: NGTDM,NGTDM Base capacity on cgp‘expansion curve X
' Units: ‘Bef : ’ D
QDEMOOF CEMDMDS Dimen: 4,21 Off-PK core (firm service) nonutil dmd in
. ‘Units: Bef forecast yr CEMN or (CEMN + CEMH).
QDEMOOFUV CEMDMDS Dimen: NEMMSUB - Off-PK core (firm service) util dmd in
- Units: “Bef forecast yr CEMN )
QDEMOO! 'CEMDMDS Dimen: 421 Off-PK noncore (interup. service) nonutil '
Units:” Bef dmd in forecast yr CEMN ‘or (CEMN +
. v | CEMH) : -
' - EIAModel Documentation: Natural Gas Transmission
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INCLUDE (NGTDMCEM)

Variable Common Name | Characteristics Definition
QDEMOOIU CEMDMDS | Dimen: NEMMSUB Off-PK noncore util dmd in forecast yr
: | Units: .Bet CEMN " I
H QDEMOPF | ‘| ~CEMDMDS - | Dimen: 4,21 PK core nonutil dmd in forecast yr .
o ' |, Units: Bef - CEMN or (CEMN + CEMH) )
‘QDEMOPFU CEMDMDS Dimen: NEMMSUB PK core (firm service) uu'l_dmd in .
N Units: Bef forecast yr CEMN - ’
QDEMOPI- CEMDMDS | Dimen: 421 g * PK noncore (imamxp service) nonutil
’ - :Units: Bef 7 dmd in fctecasl yr CF.MN or (CEMN
. o )
QDEMOPIU "CEMDMDS | Dimen: NEMMSUB PK noncore (interrup. servxcc) wtil dmd in
) s : Units: Bef 2} forecast yr CEMN
QFNONU_MAXGROW - | - MXGRW Dimen: — " Max annunal average growth used in '
: S ’ ' ‘ Units: -~ | -estimating expected nonutility firm
- demand in the CEM
QSTRO . CEi/IDAT _ Dimen:' NUMSIR’, ‘ Base eapamty on storage expansion curve
' * | Units: Bef - . S : :
R S LPNAME3 | Dimen: — Single letter, used to define, LP variables
- ; : Format: char*] B ) ’
s LPNAME3 Dimen: — Single letter, used to define LP variables
- ) . | Format: chiartl ’ ‘ )
STOR_NODES _ STORAG - | Dimem: 11 "** . | mapping of storage locations into
T ‘Units: .~ : | NGTDM nodes 1-12 ~ -~
S'IR_FUTILZ “ STORAG2 | Dimen: INUMSTR o .1 - storage losses for PK firm network
- Units: fraction o :
STR_UTILZ  STORAG2 . “Dimen: NUMSTR 1 - storage losses for PK xmcrmp R
o ' S Units: fraction i 'network ’ L
- SUP_OUT!LZ' CEMDAT dimen: I\SUPTYP NGTDM 4 Portion of total supply allocated to of-PK
Units: fraction - network
SUP_PKSHR CEMSUP Dimen: 8NGTDM.4 Peak share of anoual supply
“ Umts fracuon
SUP_PUTILZ . CEMDAT Dimen: NSU?I'YP.NGTDMA ‘Pomon of total supp]y allocated to PK
Usiits: fraction ' network’ .
T LPNAME3. Dimen: - Single letter, used to define LP. variab'lcs
_ ' Format: char*l
EIAMod&! Documentation: Natural égs,‘l’ranshlss)lon and Distribution Mode) Volume |
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INCLUDE-(NGTDMCEM)

Variable . Common Name | Characteristics . Definition -
TARO CEMDAT Dimen: -:NSUPTYP,NGTDM,4 Tariff ;ﬂong supply arc for off-PK firm
‘ _ Units: 87$/mef and off-PK interrupt. networks
TARP CEMDAT Dimen: NSUPTYP,NGTDM,4 Tariff along supply arc for PK firm and
: X Units: 87§/mecf PK interrupt. networks )
TOTDMD - CEMDMDS Dimen: - Total noncore (interrup.service) dmd used
’ ' g Units: Bef in alpha loop (real*8)
v’ . LPNAME3 Dimen: — Single letter, used to define LP variables
I T r Format: char*]. ) ’
UTIL_POSHR_C CEMDAT Dimen: 2NEMMSUB "PK, off-PK spﬁt of competitive util dmd
T - - | Units: fraction
UTIL_POSHR_F CEMDAT Dimen: 2NEMMSUB . PK, off-PK split of e&e (firm serviee)
’ Uq.its: -fraction util dmd e :
l UTIL_POSHR_I ‘CEMDAT Dimen: 2,NEMMSUB ) PK, off-PK split of noncore (interrup.
Lo " | Units: fraction - service)util dmd
WTHRFAC CEMDAT. Dimen: NGTDM,N'GTD’M Weather factor—percent of capacity )
. Units: fraction . normally not used for normal weather
’ | scenarios .
X -LPNAME3 Dimen: — Single letter, used to define LP variables oo
l ' ” : Format: char*1 : ‘

Dimen: NGTDMNGTDM,CEMNS

Step results on cap expansion-curve'in Ist-§|.
Units: Bef = - -~ -

alpha Toop

| Dimen: NUMSTR.CEMNS Step mu}ts on stdra_gc expansion curve in.

‘EIAIMQde‘l Documentation: ,_Nau'lral Gas Transmission and Distribution Model Volume | .
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INCLUDE (NGTDMLOC)

Characteristics

Variable Common Name Definition
BIARC_PFSHR ' MINFLOW Dimen: - PK/OF-PK share of firm Bi-flow
: ’ Units: fraction - - C -
ADGPRD89 ' NGADGPRD1 Dimen: nsdomreg . 1989 Ad’gas prod onshore & offshore
ADGPRDON NGADGPRD] _ | Dimen: NSUPSUB * AD gas production onshore
o Units: Bef -
AEI-:F_PIPE - .. LPCAP1 ‘Dimen: NGTDM,NGTDM Eﬁ' along pipeline arc
‘- - Units: fraction © ‘
AFLOWF . PTARAPM Dimen: NGTDM,NGTDM Resulting firm NG flow
‘ Units: Bef - SRR
AFLOW_] PTARAFM | ‘Dimen: NGTDM,NGTDM Resulting interrup. NG flow, -
Units: Bcef ) g :
N 1}
AFM_PTAR 1. AFMVARX '| Dimen: NGTDM,NGTDM . Realized pipe tariff for noncoce (interrup.
: . ‘ Units: *87$/mef servicé)market ‘
|| ANEW_caP * FFCAP . Dimen: NGTDM,NGTDM New annual capacity . - _
r ) Units: - Bef o :
- | ARC_CYCLE FARCS ‘Dimen: 252 I‘;Iodepairsidenﬁfying'Bi-ﬂow ares
. T : ) Unitst — _ ] : _ .
ARGO - - LPARG Dimen: '— . Real*8 variable used to pass info.to LP via
N Units: — OML -
ARGL “LPARG" | Dimen: —, . " Real*8 variable used to pass info to LP via
’ Ay Unitss — o 7 OML ’ :
: " - = —
ARG2 | LPARG Dimen: - Real*8 variable used to pass.infoto LP via
. ' Units: — OML
AUTILZF LPCAPI Dimen: NGTDMNGTDMCEMN. | Capacity wtilization limit for firm
. : - Units: fraction . Co ' s
AUTILZ_T "LPCAP1 Dimen: NGTDM,NGTDM,CEMN Capacity wtilization limit for firm +
) ' Units: fraction - interrup.
BENCHF ‘ LPDTARI '| ‘Dimen: 'NON\USEC,NNGREG' . Benchmarking adj for nonutilities
' - Units: 87$/mef - - '
“BGSCNT PFRCEM | Dimen: NNGREG Non-jurisdictional BGSCT .
: Units: Bef | ' ' ) ’
BGSCT ) PFRCEM ﬁimgn: NNGREG o Base gas storage capacity at node
- | Units: Bef - ) ' '
J20' ) _ElA/Model Documentation: Naturél Gas Transmission and Distribution Mode! Volume 1~ '
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INCLUDE (NGTDMLOC)
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Variable Common Name | Characteristics Definition
BIARC_PISHR MINFLOW |- Dimen: — . - PK/Off-PK share of interrup. Bi-flow
' . Units: fraction
CAN_NODEIN * CANFLOW Dimen: - Canadian node where *Can flow-thru® gas
1l : ' Units: ~ flows in :
CAN_NODEOUT * CANFLOW Dimen: 2 Canadian nodes wheré *Can flow-thru’ gas
3 Units; —- “flows out ‘ (
- || caNEFF ) EXPNEW Dfmen:' NCAN Eff along arcs to Canadian nodes’
. S - Units: fraction :
Co- CANFLOJN - ~ CANFLOW Dimen: - *Can flow-thru® gas flowing into US _' .
. T : Units: Bef . <
|| canrLo_ouT CANFLOW | Dimes: 2 *Can flow-thr® gas flowing out of US thru |
) o Units: Bef nodes 15 & 17 :
I CANFLO_SHR CANFLOW Dimen: — ° *Can flow-thru’ share going out node 15
. . ) . Un.its: _ . - -
CEM_PCAP "PTARCEM . - Dimen: NGTDM.NG'IDM,’CEMNS Price on each step of pipéline capacity
: ‘ ) - Units: 87§/mcf expansion curves
CEM_PCAPEST PTARCEM1 Dimen: NGTDM,NGTDM,CEMN Est price on pipeline cap expansion curve
T Units: .$/mef ) : foruse by PIM -
,CEM_PSTR " PTARCEM Dimen: NNGREG,CEMNS Quantity on each step of storage expansion .
: Units: Bef *©  ~ "curves )
CEM_PSTREST ‘PTARCEM1 Dimen: NNGREG,CEMN . Est price on storagé expansion curve for ;.lse
I ’ - Units: $/mef - - by PTM '/ )
CEM_QCAP ' PTARCEM Dimen: NGTDM,NGTDM,CEMNS | Quantity on each step of pipeline capacity |
. - Units: Bef expansion-curves
CEM_QSTR PTARCEM Dimen: NNGREG,CEMNS Price on cach step of storage expansion -
o Units: 87%/mcf curves ' T
CEMH CEMEXPO1” Dimen: - Year demand ‘data after capital expansion
) ‘ "Format: .integer*4 year
CEMYR - NGMAPS Dimen: - i *Used to determine array pt;sition (1,CEMN)
-Units: — of current year CEM expansion results
CHARO CHARS Dimen: — - Single character for 0’
) ) Format: char*1 )
CN_TOL \ NGPRDCRV Dimen: —- , ‘I Allowed tolerance for CN_SHRDIF
’ i . Format: real*4 ) ‘

élNModel ﬁowmenmﬁon:’ Natural Gas Transmls‘slon and Distribution Modél Volume |-
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INCLUDE (NGTDMLOC) -

.|| Variable

Common Namé Characteristics Definition
CONST_SUP LPMAPS Dimen: NSUPTYP -Indicator for constant supply by supply type
Units: - - . :
cr LPNAME2 Dimen: — Double letter, used to create LP var & row
- : Format: char*2 4 ) -names -
D 'LPNAME2 | Dimen: — Single blank. used to create LP var & row
- - Format: char*1’ names < |
DD ° - LPNAME2 . | Dimem: — Double blaiik, used to create LP var & row
- ) Format: char*2 " names ) )
DELFIG - | CEMEXP03, | | Dimen: — ) Flag indicating use of pt incr on str expan
’ Format: logical orv
"DELFLG_CAP ' - CEMEXP03 Dimen: — Flag indicating use of pr incr on cap expan
. - _— Format: logical orv
|| DELPR caP CEMEX02 " ' | Dimen: — , Price incr on steps 2+ on cap-expan cTv
- o Format: Real*4 . ’ S S
_DELPR STR . CEMEX02 Dimen: — - Price nicr on steps 2+ on str expan crv
o] S Format: Real*4 3 : ’ I
- DMDFLAGI 'LPD?‘ARI Dimen: nng;'eg ) Flag to check constant demand- noncore
- : Format: logical . . . (interruptible service) industrial
DMDFRI LPDTAR1 .Dimen: nngreé 1 Dtar iowe; bound-noncore (inter. service) -
C T e “ ind - '
DTAR_CHK LPDTARI Dil;len: nngreg 1991 Dta.rforﬁtm transp
- . | eFESTR ~ LPCAPI Dimen: — ‘Storage eff (1-loss)
L Units: fraction A
- . || EHISYR "- "NGMAPS Dimen: - End year for historical overwrites -
. ‘ Format: integer*4, "Must be >= FHISYR .and <= LHISYR
EMMSUB NGMAPS Dimen: NNGREG,NEMMREG NGTDM/EMM subreg, given NGTDM & .
o L Units: - ’ -EMM reg .
EMMSUB_EL NGMARS _Dimen: NEMMSUB | EMM reg mapped into NGTDM/EMM
' - " .. Units: - subreg ’
EMMSUB_NG - NGMAPS Dimen: NEMMSUB, ) NGTDM reg mapped into NGTDM/EMM
' g ' Units: — ' subrég '
L . N R
. " EPHASE.~ - - 'LPDTARI ) ’Fci'gnat: in}eger":-i End phase year ‘
T2 * ElA/Mode] Documentation: Natural Gas Transmission and Distribution Mode! Volume |
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Variable Common Name Characteristics Deﬁniﬁ‘on
EXAFM MODUL Dimen: -~ Not used: Flag to indicate that the AFM
T Format: logical - modute is turned on ’ {

EXCEM MODUL Dimen: — "Not used: Flag to indicate that the CEM
| .- * 7" | Format: logical module is turned on
4| EXPTM MODUL Dimen: — Not used: Flag to indicate that the PTM I

l "L Format: logical module is turned on -

| FTAX .. LPDTARI Dimen: — Federal tax

IYRSWT NGMAPS Dimen: 40 Used to determine (1,CEMN) array position

) Units: - - corresponding to current year CEM .

h . expansion results

i LAGPR_NF - MODUL Dimen: NONUSECNGTDM Used to store firm nt;n-utility price from
. Format: real*4 last iteration/year(387mcf)
LAGPR NI MODUL Dimen: NONUSEC,NGTDM Used to store interruptible non-utility price
_ Format: real*4 from last iteration/year($87mef)

I .

. !‘AGPR_UF MODUL Dimen: NONUSEC,NGTDM Used to store firm utility price from last
. Format: real*4” - : iteration/year.(387mcf) ) -
LAGPR_UI .MODUL - Dimen: NONI.‘ISEC,NGTDM- Used to store interruptible utility price from : .

Format: real*4 Jast iterationfyear ($87mef) .
LAST_TIME _ * TIMING Dimen: - Timing varisble for NGTDM code * I '
LPRC_MAX Units: ~— Maximum mumber of lagged price adjusted |
. " J *| Format: integer*4 levels '
| LPrc_sBADs _ NGPRDCRV. | Dimen: Ipré_max "Phased portion of base mult.
LPRC_SBASE NGPRDCRV ) Dimen: Iprc_max ' . B-ase rqultiplier of lag price
LPRC_SYEAR NGPRDCRV | Dimen: Ipec_max \ Year of lag price adjst ieve] .

. MD LPNAME2 Dimen:. -— 7 -Double letter, used to create LP var & row 1
' Format: char*2 names
MINBIOF MINFLOW Dimen: 25 Min Bi-flow for CEM Off-PK firm

’ Units: Bef
MINBIOI MINFLOW Dimen: 25 Min Bi-flow for CEM Off-PK interrup.
; ‘- Units: Bef ’
MINBIPF MINFLOW . | Dimen: 25  Min Biflow for CEM PK firm
" . : Units: Bef i o



INCLUDE (NGTDMLOC)

Variable Common Name Citaracleﬁstics Deﬁ‘nition
MINBIPI - MINFLOW ‘| Dimen: 25 Min Bi-flow for PK interrup.
’ Units: Bef . ) ’
MN - LPNAME2 Dimen: — - Double letter, used to create LP var & row _
. ' : Format: char*2 . pames
.MODYR NGMAPS : D_im_en: - Current model year (i.e., 1990)
’ T Units: - C
 ms¢ .- LPNAME2 . | Dimen: — Double letter, used to create LP var & row
: ’ thmat:.éh‘ar‘2 names
NARC_CYCLE ~ FARCS, Dimen; — Number of arcs deﬁned as b:du'ecuonal .
s T ‘ Utits: — ﬂows )
NEFF_PIPE FSEC1 ‘Dimen: NONUSEC,NGTDM Eff along arc t6 nonutil secu:t
. ’ * | Units ﬁ‘acuon ’
NETSTR_F LPCAP1 Dimen: NNGREG,CEMN Net withdrawals from storage—-firm
- :  Units: Bef ' S
NETSTRI _LPCAP1 " | Dimen: NI\GREG CEMN Net withdrawals from storage--interup. _
N e “Units: Bef ' ’
NEWFLOOR_I .. . LPDTARI Dimen: nngreg Lower bound on price-noncore (inter. svc.)
’ © - - ind ) ’ .
_|'NG_ARcMaP LPMAPS Dimen: NGTDM JARC Node ID mapped into cach NGTDM reg
. i . U uns _.' 3 ‘ s . K . “ . .
NG;ARCNUM . LPMAPS | Dimen: NGTDM ’ ‘| # of arcs into each NGTDM reg
., “Units:- - v ‘ o ' .
NG_BKSTOP_PR EXPNEW “Dimen: NG sup backszopfpricc
: Units: 87$/mef ' -
|| NG_cenmap LPMAPS | Dimen: NGTDM CENSUS reg ID. mapped into eachs |
) © | Units: — , NGTDM reg -
NG_EMMMAP _LPMAPS - | Dimen: NGTDM,JUTIL EMM reg ID mapped into each NGTDM
T Units: = “reg ’
NG_EMMSUB IQPMAPS_ ) Dimen: NGTDM # of NGTDM/EMM subreg per NGTDM
Units: — reg ‘
NG_SUPMAP LPMAPS Dimen: NSUPTYP,NGTDM.JSUP OGSM reg 1D mapped into each NGTDM
- L - ' Lmts - reg - ) S '
: NG_SUPSUB LPMAPS Dzmen I\SUP’I'YP NGTDM # of NGTDM/OGSM subreg per NGTDM
o ; Units: — reg T '

{de24 -
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INCLUDE (NGTDMLOC)
Variable Common Name | Characteristics _ Definition ’
NGHIST_FLG " NGMAPS Dimen: — Flag indicating hist ~o\.:ex'w.vrite: 0=NO,
' Units: — 1=YES’ :
|| NGRATMAX DTARAFM Dimen: NEMMSUB Max NG discount r;te off of alternate fuel
‘ ' s Units: — -
NGUNIT ~ NGTRAC Dimen: - i Output unjt # for NGTDM writes
T ' _Units: - .
"NGWRITE . NGTRAC Dimen: — "NGTDM trace write level indicator .
' ’ ‘ - C Units; - :
NONU_DTAR_F LPDTARI Dimen: NONUSEC,NGTDM Distributor tar to core (firm service) nonutil
. . Units: 87$In3éf . ,sec ) T
NONU_DTAR_! . LPDTARI - | Dimen: NONUSECNGTDM Distributor tar to noncore (interrup. service)
S Units: " 875/mcf nomutil sec :
NONU_ELAS_F NGDMDCRV | Dimem: — - . Core (Firtn service) nonutil demand curve H
E ’ . - Format: real*4 - elasticities -
i NONU_ELAS 1 NGDMDCRV N Dimm::NONUSEC *Inter.non-utﬁity dexpz{nd curve elasticities
| SR - Format: real*4 ‘
I NSDOMREG Units: e # of domestic supply regions
4 ' Format: integer*4 i '
- , . . 1l
NUM LPNAME2 Dimien:. 9. ‘Numbers 1-9, used to create LP-var & row |
"« .| Format: char*1 pames - : e
OCSMAP NGMAPS - Dimen: NOCSREG Mapping of NGTDM/OGSM suh'ég into
o ) - Units: —- ' off-shote production regions
OILPRDS9 NGADGPRD] " | Dirhen: nsdomreg.. - 1989 ol prod onshore & offshore
PARM_MAXPR NGPRDCRV Format: ;cal"4 Params to set max prod. level
PARM_MINPR _ NGDMDCRV  *| ‘Dimen: ° Parameter 1o sét-minimum production level -
o . Format: ‘teal*4 : - -
PARM_MINSUP . NGPRDCRV Dir.nen: 2 Params to set min prod. level
PARM_SUPCRVZ NGPRDCRV | Dimen: 2 Params defining supcrv 2
PARM_éUPCRVB NGPRDCRV Dimen: 2. Params defining superv.3 -
PCAP_AFM - PTARARM Dimen:’ NGTDM.NGTDA\_'I : Physical t;ap along arc in AFM. t-1.
R Units: Bef T

EIAIMocieI Dqéumentaﬁon: Natural Gas .‘l‘ransmlqslon and Distribution Model Volume |
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Variable Common Name | Characteristics Definition
¥
PCAP_ANGTS CAPANGTS Dimen: 'MNUMYR Maximu ANGTS capacity along arc 18-9
‘ : Format: real*4 - ’
PCAP..MAX PTARAFM A Dimen: I\GTD\d NGTDMCEMI\ | Maximum physical cap along arc
o C : Units: Bef )
- PC'I'_XCAP PTARAFM .| Dimen: - Percein excess capacity on pipe
’ Units: fraction® .
PDELMX LPSTEP2 Dimen: - ¢ Max price delta off’ base pnce-LP suppl)
C Units: 87S/mef and demand curve
PMMMAP_NG "NGMAPS Dimen: NSUPSUB 'PADD reg mapped into‘NGTDMIQGSM -
E " | Units: — ) <. | subreg . : ’
PNEW_CAP FFCAP - ~Dimcn:k_NGTDM,NGTDM New pﬁysical ca;i-&city
T Units: Bef . - .
PNEW_STR . " LPCAPI Dimen: NNGREG - New storage added/built _
e : Units: Bef "~ - - . S |
PSHIFTOF - NGPRDCRV | Dimen: NSUPSUB, IBASYRIENDYT | Shift offshore prodution function o pricce |
) ' Format: real*4 - ’ axis, i o -
- |t psHrFTON NGPRDCRV | Dimen: NSUPSUB, IBASYR.IENDYT Shift onshore prodution function on prices
i ‘ Format: real*4. axis® : '
PSSTEP - ) . -LPSTEP2 .Dlmcn NSS’I'EP Number of steps on LP sui:ply curve
. o Umts - : . LT - . |
PS:!'R.MAX . PTARAFM Dimen: NNGR_EG.CEMN Maxim{ny annual storage available ’ I
v : “ - ‘\( :[Jnils: ‘B_cf - .
I PTAR_COM_F "PTARARM Dimen: NGTDMNGTDM -Firm service pipeline commodity éharge
. . . Units: 87S/mcf : s -
PTAR_F PTARAFM Dimen: NGTDM,NGTDM Interregional pipeline tariffs for firm service
© | Units: 878/mef K T '
P.TAR:_I >‘ PTA-RAFM , Dimen:_ NG'I'DM,N‘GTDM ) Interregional pipeline tariffs for in’lerrup. ’
| . 4 Units: 878/mef = -, : '
PTAR_IMAX PTMVARX ljimen: NGTDM,NGTDM J Max pipe tariff allowed for noncore -
C Units: 87$/mef ' 1 (interrup. service) market . -
PTAR_REV_F ) PTARARM i Dimen: NGTDM,NGTDM Firm service pipeline revenue requirements
' ’ ’ Units: 878 ’ T
Q1 . LPNAMEé Dimen: - .y Single letter; used to createl._Plvar‘&'row‘
C Format: char"l names
J-:fs - E.IAIMo‘del Doeumentatign: Natu‘ralAGas Transmission and Distribution ﬁ‘ﬂéde,l Volume |
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Variable Commoq Name Characteristics Definition
4 "QALK_NONU_F - QPALKI” Dimen: NONUSEC Alaska core (firm service) nonutil dmd
’ Units: Bef ) ’ :
QALK _NONU_I QI?AIKI Dimen: NONUSEC . Alaska noncore (interrup. service) nonutil '
" Units: Bef dmd
" REGNUM .LPNAME2 Dimen: NGTDM NGTDM region'num (01-21)
' . 7 . Format: char%2 : -
"ROWNAM - LPMTRX2 . Dimen: -~ - LP row name sent to OML
’ Format: char*8 ’ ) _
SEC " LPNAME? | Dimen: NONUSEC Nomutil sec ID ®,CLT), used to create LP ||
' ) Format: char*1 var & row names : !
SEP?F_PIPE FOTHER | Dimen: 'NGTDM,JSUP Eff along arc from sup .
) : Units: fraction
'SOLN LPARG Dimen: 5 : Real*8 Variable to hold info retrieved from
1 - ’ Units: — LP via OML
STAT °, LPMTRX2 Dimen: — LP varisble status indicator from OML
Format: char*2
. " STAX |, LPDTARI | Dimen: ngtdm State tax
~e - . . *
" STPHASE LPDTARI Format: integer*4 . Start phasing-firm transp. "
_SUP_ID LPNAME2 Dimen: NSUPTYP,9 NG supply type code - I
. : Format: char*2 ’ )
" SUP_MAX FOTHER Dimen: .NSUPTYP,NGTDM,ISUP Max supply prod level
' : ' “Units: Bef )
1 || SUP_PR NGXFXI2 Dimen: NSUPTYP,NGTDM,JSUP Resulting supply price from LP soln
T Units: 875/mcf - )
SUPSliB NGMAPS - Dimen: NNGREG,NSUPREG NGTDM/OGSM subreg, given NGTDM &
. ‘ ' Units: — _ OGSM reg
SUPSUB_LNG NGMAPS ‘ ) Dimen: NSUPSUB NGTDM reg mapped into NG'I'DM/OGSM.
Units: - subreg )
SUPSUB_OG . NGMAPS Dimen: NSUPSUB OGSM reg mapped into NGTDM/OGSM
: Units: — subreg
SUPWITR ' . NGMAPS Format: char*4 Iterations to write out supply curve
’ parameters
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INCLUDE (NGTDMLOC)

.
” \

Ki ~ ~ .

Yariable , Common Name 1 Characteristics Definition
SUPWRYR . NGMAPS Format: integer*4 Year to start writing supply curve
R ’ parameters o
' TFLOOR " LPDTARI -Dimen: ngtdm' Dtariff lower bound for firm transportation’
. Format: integer*4 . - : "
TPDI1 " LPDTARI Dimen: ngtdm User specified % discount

NN TPDZ( LPDTARI Dimen: ngtdm Alt user épccﬁm % discount
“TPD2YR - LPDTARI Dimen: -ngtdm Year switch . .

| TYP_supcrv NGPRDCRV | Dimed: — . Supply curve functional form :

R " | Format: integer*4 1-orig est.2-"gams"3-3 tier <o
v LPNAME2 - Dimen: : — Single letter, used to create LP var & row "
' ) : ) Format: char*1 names ;
- |l UBENCH DTARAFM . | Dimen: NEMMSUB Benchmarking adj for willies ~ . -
‘| Units: 878/mcf ) ’ .

i uDFLOOR DTARAFM Dimen: NEMMSUB Lower bound on distributor markup
I ) Units: 875/mef - . ,
UDPDI . -DTARAFM Dimen: NEMMSUB Percent discount off alt. fuel price

) ’ . T Units: fraction Tt ‘ :
s . S .1 3 ’ )
UDPD2 -- DTARAFM | Dimen: NEMMSUB Alf. User % discount off alt. fuel price
. : . Units: —- . :
UDPD2YR 'DTARAFM | Dimes: NEMMSUB Year switch for % discount off alt. fuel
. o Units: — * price s
UEFFE_PIPE FSEC1 ) Dimcn§ NGTDM,JUTIL. . Eff along are to util sector - E
' ' “ Units: fraction
UNERR . NGTRAC Dimen: — O;Itput unit # for error writes
L : = | Unitst —
.URNUM MODUL Dimen: - Input file unit number: contains module «
) Format: integer*4 specific info to be read when NGTDM
o - ‘modul is turned off . - ’
UTIL_DTAR D DTARAFM | Dimen: NGTDM.JUTIL Competitive distillate price
o ' Units: -87§/mcf ’ :
UTIL_DTAR_JR _DTARAFM _ | Dimen: NGTDMJUTIL Competitive resid PR
T " T " Units: 87S/mcf’ ‘ :
. ElAModel Documentation: 'Natural Gas Transmiselon and Distribution Modsl Volume |
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INCLUDE (NGTDMLOC)
V/nrlab!e Common Name Characteristics Definition
UTIL_ELAS_F NGDMDCRV | Dimen: NONUSEC Firm utility demand cuive elasticity
Format: i
UTIL_ELAS_1 NGDMDCRV Din.lcn: NONUSEC Inter utility demand curve elasticity
. ’ , ‘ Format: o o
UWNUM ‘MODUL Dimen: . Qutput file unit number: module specific
o Format: integer*4 info is written for. use when NGTDM
‘;‘ module is turned off | .
VARNAM LPMIRX2 | Dimen:— LP variable name seat to OML. - '
’ ’ . Format: char*g .
WGCNT PFRCEM . .| Dimei: NNGREG Non-jurisdictional WGCT :
; ’ Units: Bef - oo .
t .
WGCT -PFRCEM Dimen: NNGREG: Working gas capacity at node
. Units: “Bef ;
‘WTHR_XCAP PTARAFM ° | Dimen: NGTDM,NGTDM Pe}cent_excess capacity on pipe
' ’ Units: fraction g : )
- LPMTRX2 { Dimen: -

‘Format: char*8

LP solution print indicator for OML

‘ . N N . 1
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. INCLUDE (NGTDMOUT)

Definition

Variable Common Name Cpamcteﬁsﬁcs
CLSYNGWP NGTDMOUT- Dimen: 17,MNUMYR Price of synthetic NG from coal
; B ' Units: 87S/MMBuw '
OGPRDNGOF : _NGTI_)MOUT' Dimen:/S,MNUMYl'l, - NA dry gas prod offshore \
T “Units: Bef - . Coe :
OGPRDNGON NGTDMOUT | Dimen: 17,MNUMYR NA dry gas prod onshore
- & - - . .
. Units: “Bef ’
PGCELGR ~ NGi'pMOUT‘ Dimen: 2LMNUMYR - - Util competitive NG price <
. RN Units: 87MMBm -~ . [ - 1
PGFELGR NGIDMOUT . | Dimen: 21L.MNUMYR Util core (firm service) NG price 1
X - | Units: 87S/MMBuw : s (h
PGIELGR ' NGTDMOUT - - | Dimen: 2LMNUMYR JUtil noncore (interrupt service) NG price «
w ‘ Units: 875MMBu ! oL
PRNC_PADD . ; NG’I’DMOUT‘ *| Dimen:- MNUMPR,MNUMYR Tot dry gas iu'oductibn (w/ lease & plant)
‘ . » =y | Units: *Bef ' - . .
"MNPERCNT .. TMPSUP - Dimen: - Min % delta off base price for supply f:un"c
T : -Units: -fraction * T )
SUPMULT = TMPSUP | Dimen: NSSTEP~ ' - | % off of base supply price - l
’ L Units: fraction T ’ T
| N . .
WTPERCNT TMPSUP Dimen: -— Relaxation % on last supply price -
B : Units: fraction ‘ o AR

Equivalence for FILER used foc data storage -

‘REAL EQ_NT OUTMNUMYR{G‘il#Z‘lh&MNUMPR))

EQUIVALENCE (EQ_NTOUT,0GPRDNGON)

Equivélence for;MA!N 0 test convergence on natural gas to util

REAL MUPRCQ1,MNUMYR3) °

«

- - EQUIVALENCE(MUPRC,PGFELGRY)
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INCLUDE (NGTDMPTM)
Variable Common Name ~ | Characteristics Definition
AI91END TRANSC | Format: INTEGER Year to end collecting acct. 191 costs
l AlI91START TRANSC Format: INTEGER Year 1o start collecting acct. 191 costs
N A191YRS TRANSC Format: INTEGER. Num. years acct 191 costs are collected
A2P -- not used CURVE " Dimen: NGTDMNGTDM Arc o pipeline conversion
L Units: — . |
I - » .
ADDA PCOST. . | -Dimen: MAX_PIPEMAX _PTMAX_ CT | Accumilated DDA costs C
' Units: Nominal $ . ; :
ADIT 'PCOST Dimen: MAX_PIPE,MAX_PT.MAX_ Accumulated deferred income taxes
Units: Nominzl § ‘ . . .
ADIT_C * PCOST Dimen: MAX_PIPE Constant for forecasting equation
— ’ "Units: Nominal $ N : ) ) :
ADIT_TEMP “TRANSC ‘Dimen: 2,’9 Temp. var for ADIT equation
AFR. WITHIN Dimen: MAX.DESIGN.MAX_I’IEM Alloc. of fixed cost to zes.
" Units' fraction ° :
AFU - WITHIN Dimen: MAX_DESIGN.MAX _ITEM Alloc. of fixed cost to usage
‘ ' Units: fraction ) ~
AGSRCOSTS - TRANSC Units: MAX_PIPE  GSR costs by arc
ANUMI91 TRANSC | Units: :MAX_PIPE 191 transition costs by arc
| ARC2P CURVE - _‘ Dimen: NGTDM,NGTDM Arcto pipelin% conversion
ARCCC " CURVE Dimen: NGTDM,NGTDM,MAX_STEPS | Arc capital cost size . .
. : Units: 87$/mcf-mile ' : :
ARCEX . CURVE Dimen: ‘NGTDM,NGTDMMAX_STEPS | Arc expansion size : I '
| Units: .Bef ’ -
ARCFAC dURVE Dimen: NGTDM,NGTDM MAX_STEPS Arc capacity exlpansion factor
' Units: iiracﬁon. . *
ARCUSED CURVE . Dimen: N.GTDM,NGTDM.,MAX_STEPS New pipeline capacity already added
Units: Bef ‘ s
ARF * WITHIN Dimen: MAX.DESIGN,MAX_ITEM Alloc. of fixed cost
Units: fraction B C
ARV Dimen: MAX_DESIGN,MAX_ITEM Alloc. of variable cost

WITHIN

-Units: fraction’,

-
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INCLUDE (NGTDMPTM)
- .
Variable Commoz_: Name Characteristics Definition
ASF WITHIN Dimen: MAX_DESIGN MAX ITEM Alloc. of fixed storage cost
Units: fraction . ‘
ASV " WITHIN Dimen: MAX_’DESIGN.MAX ITEM  Alloc. of var. storage cost
Units: fraction
AVR WITHIN Dimen: MAX_DESIGN,MAX, ITEM ’ . Alloc. of var. cost to res. .
. " = | Unitsi fraction ’ - S , .
AVU MTHI]\ T ] Dimen: MAX_DESIGN,MAX_ITEM Alloc. of var. cost tousage .
I -~ Units: fraction ~ - S Y IS
l BASERAD] " TRANSC Format: real*4’ | Adj factor for discounting in base year
BG2WG - .WITHIN . Dimen: NNGREG Base gas to working, gas ratio (juris)
’ Units: fraction ‘ :
BG2WGN . WITHIN Dimen: NNGREG .Base gas to working gas ratio- -
’ . Units: fraction- (non-juris) :
BLAE . PCQST - Dimen: --—- Capnal expcndmnes usocw.cd wnh
, v Units: Nominal § . base year capacity
' (refurbishment/replacement exp) dollars
CAPCST - PCOST Dimen: MAX_PIPE; Tot4l capital cost at each arc (h.moncal
. . MAX_CT,MAX_STEPS avg) )
' : Units: 873/Bcf . \
(iMES' . ) PCOST Dunen MAX PIPE,MAX_PT,MAX CT Value of common stock equity in -
- Units: l\ommal s . - dollars ..
CONDEM READCD . Dimen:. NGTDM.NGTDM chk—_dy‘ 1es. Firm tran, base year )
L "Units:- Bef i - o :
COST ~ WITHIN Pimen: Z,MAX_,ITEM . ‘Indiv.céstof service | .
Units: Nominal§ I G ’
CRATE " PCOST Dimen: 3 Rate of remm array . - I
” ~ Units: fraction i 2
CSOML ~ PCOST Dimen: MAX_PIPE,MAX_PTMAX_CT  Compressor station op and maint labor
Units: Nominal $ T expense
CSOMN " PCOST .| Dimen: MAX_PIPEMAX_PTMAX_CT | Compressor station op and maint
‘ : Units: Nominal $ nonlabor exp.
-CTOT " PCOST- Dimen; 2 Total u.S. Capacity
o - Units: Bof -
ElA/Mode! Documentation:’ Natural Gas-Transmission and Distribution Model Volume |
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‘INCLUDE (NGTDMPTM)

Variable Common Name | Characteristics Definition
cwe PCOST Dimen: MAX_PIPE,MAX_PTMAX_CT Cash working capital
’ ’ Units: Nominal $ .
DBGRPT MISCC Dimen: — Debug report flag
' ’ ‘Format: char*15 B |
DCMER "PCOST Dimen: MAX_PIPE Rate of return differential I
b Units: fraction "
£ . »
DDA - PCOST - Dimen: MAX_PIPE,MAX__PT,MAX_CI‘ Depreciation, depletion, and
- Units: Nominal $ ' amortization costs .
DDA_C PCOST | Dimen: MAX_PIPE . Constant for fqeusﬁng .equation
" Units: Nominal$ - ' ' -
DDA_TEMP . TRANSC Dimen: 29 - Temp. var for DDA equation
DISCNT_I TRANSC Format: real*4 - _ ‘| Discount-inter off maximum I
- - - -
DLTDR ' . PCOST Din;en: MAX_PIP§ . Rate of return debt (fraction) -
o ' Units: fraction differential - |
FCR WITHIN Dimen: MAX_STEPS.NGTDM,NGTDM Fixed res. cost -
4 Units: Nominal § .
FCS , WITHIN ‘| Dimen: -MAX_STEPS,NNGREG Fixed storage cost -
“Units: Nominal $
FCU "WITHIN' -| Dimen: MAX_STEPSNGTDMNGIDM ~ | Fixed usage cost = . RE
, Units: Nominal $ -
FRATE TRANSC Format: real*4 - Federal income'tax rate - "
.Units: fraction ’ '
FSERV PFRAFM Dimen: NGTDMNGTDM Annual throughput volume for-firm
o Units: Beflyr .} transportation N :
FSITC PCOST ~ Dimen: MAX_PIPEMAX_PTMAX_CT Federal ‘and state irivestment tax credits
o - Units: Nominal §
GCMER TRANSC ‘Format: real*4 CMER for gen. pipe company
GLTDR TRANSC- Format:' real*4 LTDR for gen. pipe company
GPFER " TRANSé Format: real*4 - PEER for gen. pipe company -
GPIS “ PEOST | Dimen: MAX_PIPEMAX_PT,MAX_CT | Gross plant in service .
: ’ Units: Nominal $ ’
GSREND " TRANSC Format: INTEGER A Year to end co]]ecu’ng_ GSR costs
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INCLUDE (NGTDMPTM)
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Vatiable Common Name | Characteristics Definition
) , GSRSTART TRANSC . | Format: INTEGER Year to start collecting GSR costs
" ‘GSRYRS “TRANSC | Forma:: INTEGER # years GSR costs are collected
IEXPCT TRANSC : * {.Format: real‘4 - Expected rate of growth in int. transp. '
’ ‘o L ‘ service
ISERV PFRAFM | Dimen: NGTDM,NGTDM, Ansiual throughput volume for interrup.
S ' Units: Beffyr! Trans.
. KARCEX - TRANSC | Dimen: 'MAX_STEPS Arc expansion steps at Kern river (8-
- S ’ © | Format: real*4 >12) o Co
" KCMER® -, “TRANSC | Formats- real*4- CMER for Kern river(8->12)
" KLTDR ‘TRANSC Format: real*4 - - LTDR for Kem iver.(8-512) |
LFAC ’ TRANSC ‘Format: real*4 °* " Load factor for deriving max int. rate - |
. || LIMITFIRM |~ TRANSC. | Format: real*d. Max limit set for firm tariff
LIMITINT TRANSC | Format: real*s Max limit set for nter tariff \ l
LTD . : . ".PCOST -Dimen:-MAX.PIf’E,MAX_PTMAX_d ,~ | Value of long-term detx in dollars ‘ I
e T Units: Nominat $ ) : !
. MATRIX' . WITHIN D;'men: MAX_PIPEMNUMYR Rate design specification <
) : - Units:, — , . : '
- fmax PTOAFM - | Dimen: NGTDMNGTDM - ~ | Maimum rate for interruptible service
C . * | Units: 87$fmef -
" MAXDISFJ D - '_'T_liANSC: o Format: real*4 Lo | 'Max allowable discount for inter transp.
MAXESC TRANSC. - | Format: realva Maximum allowable escalation Tate for
K . wiff
MAXPID MISCN -~ Dimen: - Maximum valid pipelines used
. " Unils: - T i - ‘r ' . ) 4
9 . . /
MILES -~ .READCD Dimen: NGTDM,NGTDM Length of an arc
’ Units: miles "~ ¢ . \
MIN PTOAFM . Djrﬁen: NGTDM,NGTDM Minimum rate for interruptible service
’ "Units: 878/mcf :
NEWC.;OST_‘_P}_ZR ‘ A TRANSC* forma!: INTEGER - # years new fac. costs are collected
|| NEWCOSTEND TRANSC Format: INTEGER Year to end collecting néw fac. costs



4
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”

PCMER

. Units; fraction

- . INCLUDE (NGTDMPTM) -
Val_'hble Common Name Characteristics Definition
- - B . ; »
NEWCOSTSTART TRANSC" Format: INTEGER ‘ Year to start collecting new fac. costs
NODECC CURVE Dimen: NNGREG,MAX_STEPS Capital cost for node
' Units: 875 ,
NODEEX CURVE Dimen: NNGREGMAX_STEPS Node expansion size
- ' Units: Bef '
NODFAC CURVE Dimeﬁ: NNGREG,MAX_STEPS - Node capacity expansion factor
i . -
< Units: fraction . : I
NODUSED CURVE ' Dimen: NNGREG,MAX_STEPS New storage ;Ircady exp#nded -
’ Units: Bef : .
NS FUTURE . | Dimen: MAX_PIPE,NNGREG Nods shares .
' . Units: fraction . .
‘OTOM " PCOST Dimen: MAX_PIPEMAX_PTMAX_CT Other operations and maimenance‘ I .
Units: Nominal $ expense : -
’ O'i'l‘AX_ ~ -PCOST Dimen: MAX_PIPEMAX_PTMAX_CT Al other taxes except income taxes
Units: Nominal $ S
. {
owcC PCOST | Dimen: MAX_PIPEMAX. PTMAX_CT . Other working capital
Units: Nominal §- . ° - g
\ .
owC_C PCOST Dimen: MAX_PIPE Constant for forecasting equation -
. Units: Nominal § . o
OWC_TEMP TRANSC - -Dimen: 29 Temp. var for OWC eguation
PCOST NGTDMPTM | Dimen: MAX_PIPE - _Rate of rewrn on preterred stock
' ' , Units: fractjon S
P2AF — notused' - . CURVE Dimen: MAX_PIPE Pipeline to arc conversion |
o . Units:- =~ ) ;
P2ARCF . CURVE - Dimen: MAX_PIPE Pipeline to arc conversion "
h Units: ~— - - ’
P2ARCT - l CURVE Dimen: MAX_PIi’E . Pipeline to arc to conversion
Units: - '
P2AT -» not used CURVE Dimen: MAX_PIPE - Pipeline to arc to conversion
T ' " Units: - ’
PCOST Dimen: MAX_PIPE - Rate of return common stock equity
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INCLUDE (NGTDMPTM)

‘<

Variable Common Name Characteristics Definition ,
PFES ) PCOST ‘Dimen: MAX, PIPE, MAX PT,MAX CT Value of preferred stock in dollars
o o Units: Nominal § . ) E o o
. || pGsrcosTs " TRANSC Units: MAX_PIPE ' ‘GSR costs based on ind. pipe company
. : Format: REAL*4 : ’
PD MISCN | Dimen: MAX_FIPE Pipeline ID mumber, 4 digits . |
. ’ Units: — : ‘ ’
‘PIPEEXP . WITHIN Dimen: NGTDM,NGTDM Pipeline capacity expansion passed
- . Units: Bef from cem
PLTDR PCOST Dimien: MAX_PIPE Rate of remmn debt
T ) Units: fraction ‘ S
PNAME MISCC.. | Dimen: MAX_PIPE Pipeline name, - .
Format: char*32 T .
PNEWFAC - TRANSC ~ Units: MAX_PIPE New facilities cost based onmd pxpe I
- /l B - - B . w y >
PNUMI91 TRANSC * | Units: MAX_PIPE 191 trasition costs, by pipe company
. Format: REAL*4 < T T .
_PFER . PCOST Dimen: MAX_PIPE’ . Rate of return preferred stock
: ' Unitst fraction . .~ ‘ ' - , " _
PRESV. ! ' READCD | Diinen; NGTDM,NGTDM, - - | Peak-day res. Firm tran, adjusted with
S L Units: ‘Bef . ‘ -CAPEXP '
PREV_COM_F PREVIO Dimen: NGTDM,NGTDM i Previous year's commodity charge
Cee T ’ | . Units: 87$fmef’ T ‘ -
- . || prEV_MAX ‘PREVIO- | Dimen: NGTDM,NGTDM- Previois year's maximum imterrop. | -
’ ’ Units: 873/'mcf Tariff * ’
PREV_REV_F PREVIO ’| Dimen: hGTDM,NGTDM Previous year's usage cha.rg.e
- . | Units: .87S/mef - ‘ .
P,REV_STAE . PREVIO Dimen: NNGREG * Previous year's storage tariff .
CL “Units: 87$/mef - '
"PREVPIPE -mm Dimen: :NGTDM.NGTDM . | Pipeline capacity expansion passcd
) ' ! Units: Bef ’ from cem -
. PREVPSTR - - WITHIN | Dimen: NNGiZjEG. ) Storagc node expansmn (1uns+non
) Units: Bef. s juris))
: ~PRTRP"1'—-nqtused MISCN: Dimen: — ) Print debug routines
) Units: == . oo :
LJd8s -
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" SHARE_GSR_I .

. INCLUDE (NGTDMPTM)
Variable . Common Name | Characteristics Definition
* PS B FUTURE< 'l?imen: MAX_PIPENGTDM,NGTDM :Pipeﬁﬁe shares
' Units: fraction
PSTRANDED TRANSC Units: MAX_PIPE Stranded cost based on ind. pipe
- ’ company )
|| prar_iorr TRANSC | Units MAX_PIPE Firm tariff besed on 191 cost
" PTAR_GSR.F TRANSC Units: MAX_PIPE Firm tariff based on GSR cost
: " PTAR_GSRU _TRANSC - | Units: MAX_PIPE Int. ariff based on GSR cost
PTMYR PFRAFM | Dimen: — - - ¢ | Like CEMYR-used to determine aray -
) | Units: — \ position of current year CEM
) e ) expansion info
REVC * PCOST Dimen: MAX_PIPEMAX_PT.MAX_CT |- Revemue credits to cost-of-service
' Units: Nominal $ : o
RFEE " PTOAFM | Dimen: NGTbM,NGij : Reservation fee for core (firm service)
’ Units: \87$/mef - ’ ' cust - i
RFR WITHIN Dimen: -MAX_ITEM Fixed reservation cost
" Units: ‘Nominal §
RFU WITHIN Dimen:” MAX_ITEM Fixed usage cost - "
o ' .| Onits:. Nominals - . '
RVR - WITHIN . | Dimen: MAXJTEM Variable reservation cost
Units: Nominal$§ ~ ‘
- [] N
RVU, WITHIN Dimen: MAX_ITEM Variable usage cost
3 o Units: Nominal $ ’ , . L
‘SCALE_F TRANSC “Format: real*4 ) - Scale for firm
.SEOM PCOST Dimen: MAX_'PIPE,MAX_PT.MAX_CI.‘ Supervision and cﬁgincering expense
S = | Units:. Nomipal § ‘
SF WITHIN . | Dimen: MAX_ITEM - Fixed storage cost ‘
" | Units: Nominal $
SGCOST--not used _FUTURE | Dimen: NNGREG;MAX_ITEM Generic pipeline company stor. Line
’ Units: ~ . item cost :
SHA.RE_GSR_FV "TRANSC . Format: real*4 _Frac(ion of GSR transition cost to'firm
. TRANSC' | -Format: real*4 Fraction of GSR transition cost to jnt.
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INCLUDE (NGTDMPTM).
Variable Common Name | Characteristics Definition
SHISEXP CURVE - Dimen: NNGREG Historical storage expansion
) Units: Bef- ‘
SRATE I'TRANéc Units: fraction Average state income tax rate |
’ B Format: real*$ i
STAR - PTOCEM | Dimen: NNGREG Storage Tariffs
T +Units:* 878/mef - ‘
STOT PCOST - Diines: 20~ . - Total wS. Storage cost by line item
) ' _ Units: Nominal §
sV WITHIN . | Dimen: MAX_ITEM Variable storage cost
Units: Nommals
TAG: , * PCOST Dimen: MAX_PIPEMAX:PT.MAX_CT | Total adminisirative and general )
o - Units: Nominal § . - expense )
TAG.C . PCOST Dimen: MAX_PIPE Constant for forecasting equation
C ‘ | Units: Nominal$ . A .
. “ TAG_TEMP - .TRANSC Dimen: 29 . “Temp. var for TAG equation
II-7ce. PCOST Dimen: MAX_PIPEMAX_PTMAX_CT | Total customer expense
: - Units: Nominal § T
TGCOST-not used FUTURE | Dimen: -NG‘I"DM;NG’I'DM.MAX_ITEM‘Q Generic pjpclmc companytrans Line
o to Units: - , item cost .
‘I| THISEXP ,V: " CURVE | Dimen: NGTDM,NG'IDM oL Historical pipelim.:'expansion ’ .
I Units: Bcf BRI -
TOM PCOST ~ .| Dimen: MAX_PIPE,MAX_ PT,MAX CT | Total operations and maintenance "
r S Units: No:mnalS' expense
TONL(f . B PCOST_ Dimen: ,MAX_PIPE 4 Constant for forecasting 'equittion )
‘ - Units: Nominal $ L T
TOM_TEMP TRANSC . |.Dimen: 29 2| Temp. var for TOM equation
TOTAEX © - CURVE Dimen:” NGTDMNGTDM ' Number of expansions in an arc
. Units: - - . ’ .
TOTARC CURVE Dimen: Total number of valid pipeline arc
;o ‘ Units: "— L : : P
TOTNEX CURVE- Dimen: NNGREG ' ] Number of expansions in a node-
¥ o " }-Units: — - - : < )
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" . Units: fraction i

INCLUDE (NGTDMPTM)
Variable Common Name | Characteristics Definition
‘TPEB PCOST Dimen: MAX_PIPE,MAX_PT,MAX_CT Transition expense balance
Units: Nominal $ ’ I
TTOT PCOST ‘Dimen: 20. Total w.S. Transportation cost by line
‘ . . Units: Nominal § item
UFEE’ PTOAFM Dimen: NGTDM,NGTDM_ Usage fee for firm service
Units: 875/mef : c
- Yciz" ) WITHIN Dimen: MAX_STEPS,NGTDMNGTDM | Variable ses. cost
: _ Units: Nominal $ ' |
ves “WITHIN Dimen: MAX_STEPS,NNGREG ‘Varisble storage cost - _
‘ - Units: Nominal § I
vcu WITHIN Dimen: ‘MAX_STEPS,NGTDMNGIDM | Variable ussge cost -« _ _
Units: Nominal$ . ) B )
B 'WGCNTEXP WITHIN Dimen: . NNGREG Storage node expansion (non-juris) -
' Units: Bef : ~ .
WGCTEXP WITHIN - Dimen: NNGREG Storégc node e;tpansion (uris) 7
. o _Units: Bef . )
WGN2WG WITHIN g Dimen: I“INGREG 'chlfing gas (nj) to working gas ration
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INCLUDE (NGTDMREP)
Variable Common Name Characteristics Definition
NGPIPCAP NGTDMREP Dimen: 2MNUMYR' NG pipeline capacity--national ‘
. Units: Bcf ' ‘
.J| NGSTRCAP - . NGTDMREP Dimen: 24 MNUMYR NG undergnd storage capacity
. ' Units: Bef
OGIMCAN  NGIDMREP | ‘Dimen: MNUMYR . . Net imports of Can pipe NG
. ' Units: Bef : -
OGIMING NGTDMREP. | Dimen: MNUMYR Net imports of LNG
) ; . Units: "Bef . ’ :
~OGIMMEX _ NGTDMREP _ | Dimén: MNUMYR". . | Net imports of Mex pipe NG
- . ' Units: Bef N T -
OGIMNGP NGTDMREP | Dimen: MNUMYR - Net imports of pipeline NG
PR : Units: Bef .o
OGPRDNG 'NGTDMREP. | Dimen: MNUMORMNUMYR . | Domestic dry NG prod .
R _Units: Bef " B o
OGPRSUP: _ NGTDMREP | Dimen: MNUMYR Total supplemental gas (synthetic + other) .- °
~ o Units: Bef | . - .
OGPRSUP3 . NGTDMREP Dimen: 3,MNUMYR ) Supp]emep!.al NG subeategories . |
"OGWPRNG NGIDMREP ' | Dimen: MNUMORMNUMYR | NG wellhead price '
R Units: 87S/mef : - -

u Equivalence for/FILER used for data siorage

" _ REAL EQ NTREP(2*MNUMOR*MNUMYR+34*MNUMYR)

440 -
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INCLUDE (NGTEMP)

Variable - Common Name | Characteristics Definitions
- ' ; 7 . :
MINRCOV 'AFMTEMP | Dimen: — Minimum percent coverage of cost
T Units: fraction '
RETAIL_COST AFMTEMP Dimen: — Retail cost
S e Units: 87$/mcf a
Total supply for the lower 48 (non-associate +

AFMTEMP .| Dimen: 1990:2010
' Units: BCF -

-associated dissolve + lease & plant)
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INCLUDE (NXAFMDAT)

Common Name

o

Lo e
" e By
N s e

Variable Characteristics Definitions
AK C NGAFMDAT! Dimen: 3 Estimated coeff used to determine AK consump/
Units: - prod levels '
AK_CM NGAFMDATI Dimen: --- Wellhead to end-use markups--commercial sec
. Units: 878/mcf
AK_CN NGAFMDATI1 Dimen: IBASYR:IENDYR Number of commercial customers
: Units: 1000 people
AKD NGAFMDAT! | Dimen: 3 Estimated coeff used to determine AK consump/
Units: --- prod levels {
AK_E NGAFMDAT! Dimen: 3 . Estimated coeff used to determine AK consump/
: Units: --- prod levels
AK_BMA NGAFMDAT1 Dimen: —- Wellhead to end-use markups--electric generators sec
’ : o Units: 87$/mcf’ '
" NGAFMDAT! | Dimen: 3 Estimated coeff used to determine AK consump/
"Units: - prod levels
NGAFMDAT! Dimen: 3 Estimated coeff used to determine AK o
Units: — - prod levels :
AK_PCTLSE NGAFMDAT! Dimen: 3 Lease fuel/dry prod (S&N&A) '
Units: .fraction : ‘ ' 4
| ax_rcrerp NGAFMDAT! | Dimen: 3 Pipe fucl /dry prod (S&N&A)
: ' ' Units: fraction ‘ ' :
AK_PCTPLT NGAFMDAT! | Dimen: 3 Plant fucl/dry prod (S&N&A)
o Units: fraction :
AK_PCTSOUTH NGAFMDAT] ", | Dimen: 5 _Percent of AK demand in South AK
. : Units: fraction .
, AK_RM NGAFMDATI Dimen: -- ) Wellhead to end-use markups--residential sec
" Units: 878/mcf :
AK_RN NGAFMDATI Dimen: IBASYR:IENDYR Numbser of residential customers
Units: 1000 people : ’
ANGTS_TAR NGAFMDAT! | Dimen: - Price markup for gas moved on ANGTS
: Units: 87$/mef
CANFRMITR_SHR NGAFMDAT! Dimen: NCAN Firm share--Canadian exports
' ’ Units: fractiqn -
.| CN_BRDPRC90 NGAFMDAT1 | Dimen: NCAN Starting border crossing price 1990
‘ Units: 875/mcf
‘ 'EIWodél Documenuuc;h: Natu ‘I G Transrp!ulon and l_)istr‘lbut_iquode‘ll Volume | o
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Variable Common Name Characteristics Definitions
CN_NEWCAP90 NGAFMDATI Dimen: NCAN New pipe capacity in 1990
Units: Bef
CN_WELPRC89 NGAFMDAT! | Dimen: — Canadian weilhead price in 1989
- Units: 87$/mcf
DEFPRICE NGAFMDAT! Dimen: —- Default price if gty=0, any sector
Units: 878/mcf '
£
EMISRAT NGAFMDATI Dimen: MNPOLLUT Emissions as percent of pipe fuel
- _ Units: 1000 I/Bef
MAXPROF NGAFMDAT! Dimen: NOCSREG Maximum P/R ratio for offshore
' Units: fraction
MAXPRON NGAFMDATI Dimen: NSUPREG Maximum P/R ratio for onshore *
' Unit's:_ fraction '
‘MEXFRMITR_SHR 'NGAFMDATI Dimen: 'NMEX' Share of Mexican exports to firm "
v Units: fraction
NG_CENSHR NGAFMDAT! | Dimen: NONUSEC,NNGREG | Shares to split census to NGTDM
: Units: fraction :
OSUP_HVAL . NGAFMDATI Dimen; IBASYR:1991 Historical value for other supplemental supplies
Units: Bef
OSUP_RSHR NGAEMDATI Dimen: 7 Shares for sctting reg values for other supplemental
T ’ ' Units: fraction supplies
OSUP_TOT NGAFMDATI Dimen: IBASYR:IENDYR Tot other supplemental supplies--forecast
‘o : Units: Bef
SHR_AD17 NGAFMDATI Dimen: NSUPSUB - AD gas shares (1-17)
Units: fraction ’
I SNG89. -V~NGAFMDAT_I Dimen: --- SNG prod fr ligin ILL in 1989
: Units: Bef -
‘ l SNGAL1 NGAFMDAT! Dimen: --- Estimated parameter--used to determine SNG from
Units: - g "~
SNGA2 NGAFMDATI Dimen: - Estimated parameter--used to determine SNG from
' Units: " --- lig. '
SNGHI NGAFMDAT] Dimen: --- SNG prod fr liq in Hawaii
o “Units: Bef '
SNGMIN 'NGAFMDAT! | Dimen: — ‘Minimum SNG prod fr liq allowed ILL
’ ‘ Units: Bef

Distribution Model Volume | J-43
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INCLUDE (NXAFMDAT)

Variable Common Name Characteristics Definitions

WOP89 _ NGAFMDAT! Dimen: ---
- Units: 87$/BBL

1989 world oil price

WPRS9 ' NGAFMDAT! | Dimen: — 1989 AK wellhead price
Units: 878/mcf
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INCLUDE (NXTDMAFM)
Variable ‘Common Name Characteristics Definition
ACAP_MIN_F NGXFXI Dimen: NGTDM,NGTDM Minimum flow along firm arc
Units: Bef
ACAP MIN_J NGXFXI Dimen: NGTOM,NGTDM | Minimum flow along interrup arc
Units: Bef ° ’ )
|| ADFrRoOL NGPERCENT | Dimen: 94 - . PARM1,PARM2,PARMS in AD eq:
. - ' ) Units: — ADG:PARM]‘(OILPRD“PARMz)
. *(ADGLAG**PARM3)
., = || ADGPRDOF « NGADGPRD .Dimen: NOCSREG AD gas production—offshore -
’ - ’ - .} Units: Bef ’ o
~AFM_TOL~not used . FMISC Dimen: — A Supply tolerance for AFM conv
, ‘ . Units: — . check -
.. || APCT_MINF ’ NGXF_XI Dimen: NGTDM,NGIDM ' Mmﬂowas%oflastyralongﬁm
€ - Units: fraction " arc
APCT_MINI ‘NGXFXI Dimen: NGTDM,NGTDM e Min ﬂow as % of last yr along
L Units: fraction interrup arc
ASTORE v - LPCAP Dimen: 'NNGREG Annua] storage vol used
Units: Bef-annual
AXMAX ~notused |- . NGMAXiT | Dimén:.— Max. # Of iterations for afm conv.
. N / “Units: —, :
B1 i LPNAME ‘Dimen: . - | Single leuers used to deﬁnc LP
» ) Format: char*l matrix var :
. || caNTAR F AFMNEW " .| Dimen: NCAN Tar along firm m:cs toCannodes - l’
o Units: 87S/mef :
I "CANTAR_] 'AFMNEW Dimen: -NCAN . Tar along interrup arcs to Can nodes
. ) Units: 87S/mef 1 - -
‘Il ‘coNsT_DMD " LFDMD _ Dimen: — Indicator defining const dmd scenario ‘
Units: -~ : .
CONST_EXP AFMNEW Dimen: - 1 Indicator for.constant exports
' Units: — T [ ’
DDD LPNAME . | Dimen: — Three blanks, used to define LP
Format: char*3 * matrix var
DDDD LPNAME.. Dimen: — Four blanks, used to define LP
- Format: char*4 matrix var
DIST_TAR AFMNEW Dimen: --- Indicator for c’hansi;as dist tar coeff
' ' Units: —" . | '

.t g e ———y
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INCLUDE (NXTDMAFM)
Variable ) Common Name Characteristics ) Definition
DMD_TOL--not used FMISC Dimen: - Dmd tolerance for conv check on
/ Units: — tree '
DXMAX-notused . |~ NGMAXIT Dimen: Max. # Of iterations for adjusting
- C Units: - shares :
El . "LPNAME Dimen: — . Single letters, used to define LP
o . : ’ Format: char*1 matrix var I
"F_BKSTOP FNODE Dimén: — “Tot backstop results for firm
. T ) Units: ‘Bef .
Fl LPNAME - | Dimen: — Single letters, used to define LP
g : ‘Fcrnm:hchar‘l’ matrix var - '
- FXMAX-pot izsed NGMAXIT ~ | Dimen: — = | Max. # Of iterations for firm conv.
- C ’ “ Units: - - . .
|| BwPRLAGOF NHLAGPRC _-| Dimen: NOCSREGHISYR Wellhead price last year, offshore
T - Units: 87$/Mcf o ' : ,
HWPRLAGON NHLAGPRC . | -Dimen: NSUPSUBHISYR "Wellhead price last year, onshore
. : " | Units:- 875Mcf - ' . o
LBKSTOP FNODE | Dimen: — ‘Tot backstop results for intemmup. - .
. . Units: -Bef o ’ 1
Jfn LPNAME | Dimen: = Single letters, used to define LP ~
‘ - ", | Format: char*1 | matrix var - '
ILAG ’ WELLPR | Dimen: — # of lag years to estimate ING-  ° - ||,
o~ 1 Units: = - N oL .
MEXEFF "AFMNEW . | Dimen: NMEX. Eﬁalongarés!o_Mexnodes/ - " .
. - Units: fraction ’ N
MEXTAR_F' AFMNEW Dimen: NMEX " Tar along firm arcs to Mex nodes
N ' Units: 87$/mef . :
MEXTAR_I.- AFMNEW Dimen: NMEX Tar along inten"up ares to Mex nodes |
T Units: 87§/mef T
MEF " LPNAME - | Dimeni Double letters, used to define LP
: . Format: char*2 matrix var
. Mi LPNAME -* | Dimen: - Double lett’ers. used to define LP
. : N - ’ ) Format: char*2 matrix var.
oM NGXCES Dimen: NGTDM,NGTDM Minimum excéss for firm capacity
R ' Units: Bef S S
T J-d6 ElNMpdel'Doeumentatio'n::’ Namraf‘Gas‘Iransmisélon and Distribution Mode! Volume |
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INCLUDE (NXTDMAFM)" ’
Variable Common Name | Characteristics Definition
MINXI NéXCES Dimen: NGTDM,NGTDM Minimum excess for interrup. Cap.
Units: Bef '
MU-not used FMISC Dimen: - Parameters used 10 reallocate shares
I o : Units; — =« .
N1 LPNAME Dimen:. — Single letters, used to define LP
. Format: char*} matrix var - )
NBRNCH-not used FIREE "Dimen: NTREE # of branches at each tree level
. ’ * Units: - :
NG_ARCSIZE LPCAP Dimen: NGTDM,NGTDM Arc split between NGTDM regions-- -
, ’ Units: fraction .used to determine pipeline fuél
NG_AVGPR_F .FNODE Dimen: NGTDM Avg price at firm node
' Units: 878/mcf <
NG_AVGPR_1 FNODE Dimen: - NGTDM Avg price at interrup. node .
“ ' Units: 878/mef ) -
NG_MAGPR_F. MAGPR | Dimen: NGIDM - Marginal node price, Firm (387méf)
- . . Units: - . ) : ’ .
NG_MAGPR 1 - MAGPR Dimen: NGTDM Marginal node price, Interruptible
: Units: — . (S87mcf) )
NODE_DMD . " FNODE Dimen: .NGTDM R Total core (firm service) demand at
- | Units:- Bef R - node
} - .
NONU,PR_F “"FSEC Dinten: NONUSEC,NGTDM Resulting nonutil firm service price
- Units: 87S/mef I
NONU_PR:I ! NGXFX1 - Dimen: NONUSECNGTDM _Resulting interrup service nonutil ._ .
’ Units: 87S/mef price. * ‘
NONU_QTY_F - -FSEC - Dimen: NONUSECNGTDM Resulting nonutil core (firm service)
- o Units: Bef dmd . I
NONU_QTY_I NGXFX1 - Dimen: NONUSEC,NGTDM Resulting noncore (interrup. scrxice) : |
T Units:. Bef : nonutil gty e -
OBJAFM . LPMTRX Dimen: - LP OBJ function name used by OML
. Format: char*8
Pi : " LPNAME Dimen: — Single letters, used to define LP
4 ’ Format: char*1 | matrix var
PALI&.NONU_F QPALK -4 Dimen: NONUSEC - Alaska firm service nonu}ﬂ price‘
' ' : Units: 875/mcf ‘
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INCLUDE (NXTDMAFM)
Variable Common Name .| Characteristics Definition
PALX_NONU_T - QPALK Dimen: NONUSEC Alaska interrup service nonutil price
T Units: 87$/mcf .
- PALK_UTIL_C QPALK : Dimen: - . . Alaska competitive util price
' - Units: 878/mef Sy ’ |
PALK_UTIL_F - QPALK | Dimen: — 1 Alaska firm service util price
L - Units: 875/mef ) :
"PAEK_UTIL 1 'QPALK Dimen: — Alaska interrup service util price
’ L ) - . Units: 875/mcf
PBAS_NONU_F . PQBASE - | Dimen: NONUSEC,NNGREG “ Base nonutil firm service price
U " | Units:” 87$/mef’. ' ‘ '
PBAS_NONU.J . - PQBASE Dimen: NONUSEC,NNGREG 1 Base nonutil interuptible service price
R Units: 87$/mef - '
PBAS_UTILF. ’ 'PQBASE ~ | Dimen: NEMMSUB - Base ] firm serviceprice  + ||
T " . o | Units: 87$/mef ’ )
PBAS_UTIL I PQBASE * | Dimen: NEMMSUB Base wtl imer price -
~ v - Units: '87$/mcf -
PCT_MINE-rot used”| NGXFXI Dimmen: <. _ . OLD-- Minimum firm flow as % of
S | o iy .-
PCTMINI-notused ‘| ~*.NGXFXI * | Dimeni - OLD- Minimum interrup. Flow as %
’ ' | Units: " -of last yr '
PCTLSE. SUPL. NGP{ERCENT‘ . “Dimen: NSUPSUB Lease consumption/dry gas prod
- . - / Units: ; ratio . . . :
"PDSTEP - LPSTEP | Dimen: NDSTEP # steps on half of LP demand curve
o Units - oo -
i N - A N .
PIPE_TAR . AFMNEW Dimen: —~ - - Indicator for changing pipe tar coeff
b > A , ittt
:PNEW_S'I'RX LPCAP Dirpen:. NNGREG,MNUMYR 1 New storagé ca.p‘acity additions
) ' ‘ Units: Beffyr ‘
'PQPNG _ NGTOTRPT | Dimen: 9 ‘P*Q by census, used to calc PNG**
’ : Units:. 875 : T
PR_TOL--not used FMISC - . Di;nen: - Pr tolerance for conv check on tree
: ' . < Units: — - ' ‘
QPNG NGTOTRPT - | Dimen: 9 . Qby cenius, tised to cale PNG*»
T : ' Units: Bef~ =~
A
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INCLUDE (NXTDMAFM)
Varlx{ble Common Name Characteristics Definition
QALK_LAP QPALK Dimen: - Alaska lease & plant
_Units: Bct: !
QALK_PIP QPALK Dimen: — . .| Alaska pipeline fuel
’ Units: Bef - - . ) - - |
QALK _UTIL_C QPALK Dimen: ~ Alaska competitive util dmd
R Units: Bef -
QALK UTIL F /QPALK Dimen: — Alaska core (firm service) util dmd
' Units: Bef S
QALK UTILJ . “QPALK Dinten: — . Alaska noncore (interruptible service)
- { Units: Bef uildmd | :
QBAS_NONU_F PQBASE | Dimen: NONUSECNNGREG Base nonutl core (fim service) "
, ’ . _Units: Bef - consumption T
QBAS_NONU_I . /PQIBASE Dunen NONUSEC,NNGRE.G* Base nonutil noncore (interruptible
C ’ : - Units: Bef” consumption) -
'QBAS_UTIL_F PQBASE Dimen: NEMMSUB Base util core (firm service} . -
S ’ Units: Bef. consumption ‘ o
QBAS_UTIL_I . ’ PQBASE Dimen: NEMMSUB' Base util noncore (intirmpu’ble I
' Units: Bef consumption) :
QGCBCF .. NGHISTEL | Dimen: NEMMSUB+1,MNUMYR Hist comp util dmds '
S 'Units: Bef ' ‘ ‘ -
QGFBCF NGHISTEL ~ | Dimen: 'NEWSU&LMNUMYk Hist ccre (firm service) util dmds _
Units: .Bef :
: - 1
QGIBCF - NGHISTEL Dimen: NEMMSUB+1L,MNUMYR >| Hist poncare (intrp service) util dmds
T . Usiits: Bef : :
QGTBCF - _/ NG_HISTEL Dimen: NEWéU&]. FHISYR:LHISYR | Historical total utiity demands
‘ . _ | Units: Bef " R .
|| REGTREE-not used FTREE _Dimen: NTREEJTREE Node ID's mapped into each branch
’ Units: - :
S1 LPNAME " Dimen: - Single letters, used to define LP .
: ' Format: char*1 - matrix var
SIGMA--not used. FMISC Dimen: -—- Parameters used to reallocate shares
Coe ’ | vnits — -
STAR_F AFMNEW | Dimen: NGTDM,JSUP Tar along firm arc from supply
: . Units: 878/mef

{
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INCLUDE (NXTDMAFM) Ve

" Variable " Common Name | Characteristics \ Definition

STAR_I 4‘ AFMNEW Dimen: NGTDM,ISUP Tar 'aiong interrup arc from supply
Units: 878/mcf ’ N

SUP_QTY NGXEX1 Dimen: NSUPI'YP,NGTDMJSQP.' _|- Resulting total sixp‘qty -

‘ . Units: Bef ’ )

' SUP_QTY_F .NGXFXI Dimen: NSUP'I'YP,NGTi)M,ISUP ilesult.ing sup qty foi'ﬁrplscrvicc .

» . _ Units: Bef S |
SURQTY:] NEXFXI - | Dimen:” NSUPTYP,NGTDM,SUP Resulting sup qty for interrup | 

: - : Units: Bef N B
SYNCOALNG . NGCOAL Dimen: NSUPSUB SNG from coal

' o ' Units: Bef .

{| vrLDTAR F LPDTAR | Dimen: NGTDMJUTIL | ‘Distributor tar to core (firm) util

) Units: 87$/mef sector :
UTIL_DTAR I LPDTAR | Dimen: NGTDM,JUTIL Distributor tar to noncore (interrup), .
B C Units: 87$/mcf ~ util sector ’ |
UTIL_PR_F " FSEC Dimen: NGTDM,JUTIL Resulting util core (firm) price

L. . "Units: 87$/mef :
UTIL_PRT ) ‘NC_EXFXI . Dimen: NGTDM,JUTIL Resulting noncore (interrup) util price
. | Units: 878fmef” - ‘ ‘

1l vt QTY.F FSEC Dimen; NGTDMJUTIL . Resulting util core (firm service) dmd
o o Units: Bef ;
VUTILQTY.I . NGXFXI | piin'en: NGTDM,JUTIL . Resulting noncore (interrup) util qty

.| Units: - Bef } I
T WPRCLAG?F “WELLPR’ Di_meﬁ: NSUPS{IB " Lagged offshore wellhead pnce 3

1 @ot used) o ** | Units: S/mef - : .

WPR(_:LAGON WELLPR Dimen: NSUPSUB - Lagged c;nshor; wellhead price-- |
(Not used) - | Units: S/mef } NGTDM/OGSM subreg '
" WPRLAGOF _ "NGLAGPRC | "Dimen: NOCSREG Offshore wellhead price ~last year
4 " -] Units:. 878/mcf . '
WPRLAGON -NGLAGPRC Dimen: NSUPSUB ., - Onshore wellhead price --last year
R Units: 87S/mef g
‘X1 - LPNAMEV "Dimen: - Single lefters, used to define LpP
: e Format: char*1 ‘matrix var, . .- "'
XSPRNTA ‘LPMIRX . | Dimen: - " AFM soln print indicator used by
T - Format: char*8 OML R
J50 . . ElAModel Documentation: Natural Gas Transmission and Distribution Model Volume |-



INCLUDE (NXPTM%)

Variable . Common Name Characteristics Definitions
ADIT90 FORECAST94 _| Dimen: --- Used in forecast equation
Units: - adit’
ADITSWT - " GENERICADIT | Dimen: - Adit. generator switch
. ' Units: - :
" AVG_WAGE " FORECAST94 | Dimen: - Average Salary
“, . Units; ~- v ’
BLAEEFFC  -°.| PIMSWITCH | Dimen: — Year BLAE start to be
g Units: — added - ot
. || BLAEREPT PTMINDUSTRY | Dimen: — Repott switch for BLAE
. ' | Units: — Cn
* |l ‘BLAESWT PIMSWITCH . |*Dimen: — Switch for BLAE
. : : Units: - - .
(BLAETOT,, PIMSWITCH. | Dimen: — Industry total BLAE L
’ ) . Units: —
BOOKVL GENERICADIT | Dimen: — Book value . l
) < { Units: — -
DDA_RHO_E FORECASTS4 | Dimen: —. ' RHO in focecast equation
. : “Units: — DDA for existing pipe line
DEPRMACRS’ ‘GENERICADIT | Dimen: — Double rate DDA
. , Units: — T
DEPRSL | GENERICADIT | Dimen: — Straight line DDA
. ‘- : * | Units: = .
DEPSHK FORECASTS4 | Dimen: — Used in forecast of DDA
T ’ " Units: - . ‘
DEPSHRS0 . FORECASTOd | Dimem: — Used in forecast of DDA
- S Units: —- )
DEPSHR9L, FORECAST94 | Dimen: — Used in forecast of DDA
. ’ Units: - 7
GCMESTR . FORECAST94 | Dimen: — Ratio of common stock to to
' - Units: - total inv..on arc
GLTDSTR FORECAST94 | Dimen: — Ration of debt o total inv.
. - "1 Units; - on arc

'ElNMode'l Doct;mentatlgn: Natural Gas Transmission and Distributi
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" INCLUDE (NXPTM%4)
Variable Common Name Characteristics Definitions
‘GPFESTR | FORECAST94 Dimen: - - Ratio of preferred stock to -
) Units: " - total inv. on arc.
GPIS89 ' FORECAST94 | Dimen: - Histoical GPIS for existing
) . Lo Units; - . pipe line
IN.DYC.OS(I' .~ DATA | Dimen: - Number of industry cost
- ‘STATEMENT |- Units: — variables to be printed
INVSTP “GENERICADIT .| Dimen: — New expansion at year=YR
| Units: — - . %
N * - . / N
MACRS_RATE FORECAST94 - | Dimen; — Depreciation schedule_
o : Units: = MCRS to ADIT and DDA
MILE_FD * FORECASTS4 | Dimen: Miles of existing pipeline
' | Units, — . " ’
NCAEREPT PIMINDUSTRY | Dimen: — NCAE value
L ' - | Units: — :
NETPLT -, | FORECAST9 | Dimen: — Net pléint in service
. ) : | Units: —
NETPLTS0 FORECASTS4 | Dimen: — 1990 net plaint in service
o L Units: = data - '
NETPLTOI1 - . FORECAST94 | Dimen: — 1991 net plant in service
’ ’ Units: = - daa o
NEWFACREPT. | PIMINDUSTRY. { Dimen: — | NEWFAC value
T SR “| Units: . SRR
P_TAG_SALARY | FORECASTS4 | Dimen: — - Previous year salary used in -
o Units: --- TAG equation ’
PDEPSHR - FORECASTS4 | Dimen: — Previous year depreciation
T - Units: ~- . share )
PIiQUIP . -FORECAST94 Dimen: — Price index of equipment.
: “Units: —° ~
PGPISREPT | PTMINDUSTRY | Dimen: — Previous year GPIS value.
: | Units: —- ‘ :
| pLcmpcosT - |- PTMCMPCOST | Dimen: — Cost components by existing -
! : ’ “ | Units: - pipeline company
.|| PLGemPcosT PTMCMPCOST | Dimen: Cost componerits by generic
1 - ) .Units: =- pipeline company
. .dB2 -
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INCLUDE (NXPTM%4)

Characteristics

Definitions

Variable - - Common Name
PLTOCOSTS - PTMINDUSTRY. | Dimen: — Total PL industry cost
‘ . " | Units: — @1 y)
PLTOGPIS1 PIMSWITCH2 | Dimen: — . Total GPIS of existing
. Units: — pipeline industry
PLTOGPIS2 PIMSWITCH? | Dimen: — Total GPIS of both existing
- ) Units: — and generic pipeline industry
PNETPLT | FORECAST94 | Dimem: — Net Plaat for previous year
' - © 7] Units: — .
PPGPIS FORECAST9 | Dimen: — - | Used in TOM of gegeric )
’ : Units: — pipeline l
|| secvpcost . " PIMCMPCOST | Dimen: — | Cost components by existing:
. ' ' Units: — pipeline region o
SGGCMPCOST PIMCMPCOST | Dimen: — Cost components by generic
i l * ] Units: - pipeline region
SGTOCOSTS . .|' PTMINDUSTRY | Dimen: — Total STG industry cost -
T R Units: — @1y C
TAG_RHO_E FORECASTS4 | Dimen: — RHO in forecast TAG for-
, . 1 Units: - -existing pipeline
TAG_RHO.G FORECASTS4 | Dimem: — 1 RHO in forecast TAG for
’ ; ) Units? — generic pipeline
TOM_RHO_E " FORECAST94 Dimen:’ - RHO used in TOM equation’ l
L ; Units: - of existing pipeline
TOM_RHO_G FORECASTS4 - | Dimen: — Rho used in TOM-equatios
’ - * Units: - of generic pipeline _
TOMEFFC PIMSWITCH | Dimen: — -Year BLAE rate to b# added
’ * U.nits: - (tomswi=1)
TOMINCI1 ’ PTMSWITCH Dimen: - Total incremental TOM for
. Units: — existing pipeline industry
TOMINC2 PTMSWITCH | Dimen: --- Total incremgnta] TOM for .
*§ -Units: -~ existing and generic pipeline |
TOMSWT PTMSWITCH - | Dimen: — Switch for incremental TOM
o Units: —

L
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_INCLUDE (OGSMOUT)*

- EiAIMt;ciel quumentaﬁon: Nanirai Gas Transmission »aqd Dlstrlbuﬁof\ Model Volume | )

Variable Common Name | Characteristics Definition
- X,
OGCNBLOSS OGSMOUT | Dimen:: Gas lost in transit to border
. - . Format: real . )
OGCNCAP OGSMOUT | Dimen: 6, Ml\UMYR Canadian capacities at border crossing
. ’ Format real ) '
OGCNCON OGSMOUT .Dimen: 2,mnumyr Canada gas consumption
: ) Format: real .
‘e, ] ‘| Units: Bef
OGCNDMLOSS . OGSMOUT, | Dimen: — -Gas lost from wellhead to Canada demand..
- S T "+ |. Format: real |
OGCNEXLOSS OGSMOUT | Dimen: — . Gas lost from U.S. export to Canada demand
. - . Format: real .
' OGCNFLW OGSMOUT | Dimen: 6 Initial flow rates at border crossing
o ) - Format: real A -
OGCNMARKUP OGSMOUT - |- Dimen: 6 - Transportation markupalborder
o . &'_ Format: real . :
OGCNMARKUP OGSMOUT Dimen: 6 - Transportaﬁon markup: at border
o ‘ Format: real )
OGCNPARMI . OGSMOUT | Dimen: — (alpha) actual gas sllocation factor
) Format: real” Co - ‘
OGCNPARM? "OGSMOUT ~ | Dimen:-— - "Responsiveness of flow to diff. in border prices .
o . * . | Format: real i s
|| occneero " OGSMOUT | Dimen: 2,MNUMYR Canadian price of ofl and gas )
’ Format:, real- ’
OGCNQPRD .OGSMOUT | Dimen: 2MNUMYR Candian prodictin of oll and gas .
. h T Fofmat: real . o
1| OGELSNGOF OGSMOUT. Dimen: 3, MNUMYR Non-associated dry gas production fonction |
. —— Format: real * parameter for offshore .
OGELSNGON - OGSMOUT " Dimen: 3,MNUMYR - ‘Non-associated dry ga§ production fanction
__— - Format: real parameter for onshore .
OGNGTSMX - OGS-MOUT: .| Dimen: *Max known flow in current year
- | Format: real o
"OGPNGIMP . OGSMOUT | Dimen: MNUMBX,MNUMYR | NG import price by border
I . Format:” real © ° ’ A By -
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INCLUDE (OGSMOUT)*
Variable "} Common Name Characteristics Definition )
+ OGPRRCAN . OGSMOUT -Dimen: 2,MNUMYR Temp. var for ADIT equation
I ’ ) Format: real )
. OGPRRNGOF QGSMO'UT Dimen: 3MNUMYR , | Non-associated dry gas p/r ratio offshore _ L
_Format: real . : '
OGPRRNGON OGSMOUT Dimen: 3, MNUMYR Non-associated dry gas p/r.ratio onshore
I - L - *| Format: real - L . ’
JI ocQANGTs OGSMOUT | Dimen: MNUMYR Gas flow at US, border from ANGTS
B ' J " | Format: real i . ' .
OGQLNMAX . |- OGSMOUT‘ | Dimen: 4MNUMYR Maximum forseeable LNG regas flow
I : Format: real _ ‘ ' ;
-Il OGQNGEXP - -OGSMOUT Dimen: MNUMBX,MNUMYR | NG exports by, border crossing
: S g Format:real - i
OGQNGGIMP ~ OGSMOUT | Dimen: 'MNUMBXMNUMYR | NG imports by border crossing )
OGQNGSAKMX | *. OGSMOUT | Dimen: MNUMYR . -| Maximum production limit of Sooth Alsska .
. . ", | Format: real ’
- || orEscaN .. | 0GSMOUT | Dimen: 2MNUMYR | Endeot-yearreserves. .
- o .| Format:real - I :
OéRESNGOF OGSMOUT . Dil.nen: 3,MNUMYR o * Non-aseociated dry gas reserves, offshore
~ | “Format: real = - T/ .o ‘ -7 :
OGRESNGON OGSMOUT | Dimen: I7MNUMYR | Non-associated dry.gas reserves, onshore “ '_
o ‘Format: real .

OGTAXPREM -~ OGSMOUT " | Dimen: 2,MNUMYR Tax or credit applied at the wellhead
B - (=0 in AEQ95) '

: real

*This common block contains other variables that are jiot used in NGTDM.

-
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INCLUDE (OMLBUF) !

Variable Common Name Characteristics Definitions

AFMIO ) OMLDYN - Dimen: NAFMIO - - Memory required by AFM LP model . " {
- . “Units: - » ' '

CEMIO .. | -<OMLDYN | Dimen:'NCEMIO " | Memory required by CEM LP model,

l[ - . . Units: — ‘ » .

INCLUDE (PMMOUT)*

Variable . ‘Commion Name | Characteristics . " | Definition

1
. s

:DCRDWHP - PWOﬁT ‘Dimen: MNUMORMNUMYR *Dom crude wellhead price
) ’ S Format: real '_ ’ . "

. PCTPLT_PADD . PMMOUT * | Dimen: MNUMPRMNUMYR- | Gas plant fuel consumedhotal
) - * | Format: real _ . ’ ' o

RFQTDCRD =~ - PMMOUT | Dimen: .MNUMOR+2,MNUMYR | Total domestic crude (incl. EOR)
g ’ ' ) Format: real - T : :

*This common block contains other variables that are not used in NGTDM. = . =
R
4 . s
DY 4
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INCLUDE (MPBLK)*

Format: real -

-Variable Common Name - | Characteristics ' Definition
PCLIN MPBLK Dimen: NBYNCRMNUMYR | Coal, industrial
. Foemat: real .
Ji PDSEL MPBLK | Dimen: MNUMCRMNUMYR | Distillate, electricity (includes petroleum coke)
. Format: real ) ‘
|| ppsmv PBBLK Dimen: MNUMCRMNUMYR  |. Distillaté, industrial
‘f{n ’ : Foningt: real ’ -
- .|| PGCPM - PBBLK Dimen: MNUMCRMNUMYR .| Natural gas, core'comma'gial )
' ‘ ’ Format: real ' ) i
: . PGFEL PBBLK Dimea: MNUMCR,MNUMYR Natural gas, core electrical -
‘ ‘ . Format: real
- "l perIN PBBLK = | Dimen: MNUMCRMNUMYR -| Natural gas, core industrial -
T ' - s Format: real “' ' )
< PGFRS: PBBLK Dimen: MNUMCRMNUMYR | Natural gas, core residential -
' -Format: real - ’ ’
. PGFIR "PBBLK Dimen: MNUMCR,MNUMYR Natural gas, care ranspotation ‘ | ’
) : R Format: real ) co- »
. PGICM . PBBLK . Dimen: MNUMCRMNUMYR | Natural gas, noacore commercial ) |
! Format: feal o Coe :
4 PGIEL ,PQBLK Dimen: MNUMCRMNUMYR - Natural gas,Anonctxe. electrical
o , : ‘Format: real - . L )
. .remN /PBBLK - | Dimen: MNUMCRMNUMYR | Nauural gas, noncore industrisl ‘
e - C Format: real, . - . . )
" PGIRS PBBLK Dimen: MNUMCRMNUMYR | Natural gas, noncore residential -
" . Format: real -~ . _ )
PGITR PBBLK ~ | Dimen: MNUMCRMNUMYR | Natural gas, noncore transportation
' Format: real : ) .
PLGIN MPBLX .Dimen: MNUMCR,MNUMYf( Liquid petroleum gases, industrial
1 . -
’ Format: real - .
'PMGCM 'PBBLK Dimen: MNUMCR.MNiJMYR Motor Gasoline, commercial
' ‘ ' Format: real ’
PNGCM PBBLK-. | Dimen: MNUMCRMNUMYR | Natural gas. commercial .
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" INCLUDE (MPBLK)*

Variable Common Name

Characteristics

Definition

PNGEL PBBLK

Dimen: MNUMCRMNUMYR

Focmat: real

Natural gas, electrical

PNGIN . - PBBLK

“Dimen: MNUMCRMNUMYR
Format: real .

Natural gas, industrial

PNGRS - _PBBLK

| Dimen: MNUMCRMNUMYR

Foemat: real

Natural gas, residential

"PNGTR S

“Dimen: -MNUMCR,MNUMYR
| . Format: real .

Natrual gas, WMM

PRSEL . PBBLK -

Dimen: MNUMCRMNUMYR|

Format: real '

.4 ‘ - .
, ‘ “
' N \
- .
<

PRSIN . MPBLK

Dimen: MNUMCR,MNUMYR
Format: real o

Residual fuel, electrical .
Residsal fuel, industrial

. *This commeon block contains other variables

-
‘
. -
s
1
~
-

N
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that are not used in NGTDM. -
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"

INCLUDE (QBLK)
Varlable_ Common Name Characteristics Definitions
QGFCM QBLK Dimen: MNUMCR,MNUMYR Natural gas, firm, commercial
Units: tril. BTU .
|l qeFEL "QBIK - -| Dimen: MNUMCRMNUMYR | Natural gas, firm, electricity
' : . Units: tril. BTU '
QGFIN QBLK Dimen: MNUMCRMNUMYR | Natural gas, firm, industrial
‘s, . Units: til. BTU 1 - '
QGFRS " _QBLK Dimén: MNUMCRMNUMYR | Natural gas, firm, residential .
‘ ‘Units: tril. BTU - ’
QGFIR =l QB Dimen: MNUMCRMNUMYR | Natural gas, firm, transportation -
Units: til. BTU ’ . ’ : B
. QGICM QBLX . Dimen: MNUMCRMNUMYR Natural gas, intenupu’blq,: commercial
. ' Units: til: BTU ) .
QGIEL QBLK * Dimen: MNUMCR,MNUMYR ~Natural gas, interruptible, electricity
. ’ ’ Units: til.-BTU ) |
QGIN 'QBLK Dimen: MNUMCRMNUMYR | Natural gas, interruptible, industrial
1 - Units: til. BTU . - :
QGIRS .QBLK Dimen: MNUMCRMNUMYR | Natural gas, interruptible, residential
SRV \ Units: tril. BTU - . i
QGITR QBLX . -| Dimen: MNUMCRMNUMYR | Naural gas, interruptible, fransportation :
_ . Units; wil. BTU " ‘ '
| aorr QBLK - | Dimen: MNUMCRMNUMYR | Natural gas pipeline
, . Units: il BTU'
. QLPIN QBLK Dimen: MNUMCRMNUMYR | Lease and plant fuel .
: Units: til. BTU o
QNGCM . QBLK ) Dimen: MNUMCR.MNUMYR ;Namra] gas,»commcrcial .
. Units: tril.-BTC
QNGEL QBLK’ Dimen: MNUMCRMNUMYR | Natural gas, electicity |
’ Units: uil. BTU '
QNGIN' QBLK Dimen: MNUMCRMNUMYR | Natural gas, industrial .
: Units: wil. BTU ’
QNGRS' - QBLK Dimen: MNUMCRMNUMYR .| Natural gas, residential
R Units: tril. BTU: I

.
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INCLUDE (QBLK)

)

Variable

.| Common Name | Characteristics

Definitions

-

QNGTR

QBLK . | Dimen: MNUMCRMNUMYR
A Units: tril. BTU

Natural gas, transportation r

QRHEL .-

QBIX Dimea: MNUMCRMNUMYR
N Units: -

Residential fuel, high sulfur, electricity

Dimen: MNUMCR,MNUMYR
Usiits: — -

-
- N
-
.
<
’
.
- -
.
i
s
.
- 7
v
- ~
1
, Y
, .
v
.
- '
.
+

.
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II:ICLUDE (TEMPADAT)
Variable Common Name Characteristics Definitions
APCKITR PACK_AFM Dimen: — Iteration defined for which a packed file of the AFM |
Units: — LP solution will be generated -
.|| APCKSWTCH PACK_AFM . | Dimen: -~ Switch indicating that a packed file of the AFM LP
I " | Units: — solution will be generated )
APCKYR ACK_AFM Dimen: — Year (c.g., 1,2...) defined for which a packed file of
a ' Units: — the AFM LP solution will be generated
‘¢

INCLUDE (TEMPCEM)

Variable Coimmon Name | Characteristics- Definitions
CPCKSWTCH PACK CEM | Dimen: — Switch indicating that a packed file of the CEM LP
- - Units: =- solution will be generated
CPCKYR PACK_ CEM - | Dimem: — ~ Year (c.g.,.1,2...) defined for which a packed file of
E ~ ‘| Units: — .

e ¥ e g——

the CEM LP solution will be generated
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.

, I AA,BB,CC (NCAN) . '| REAL*4 _Hold intermediate calculaiions
l BPRC REAL*4 Input border crossing price (878/mef)
: " CN_BRDPRC (NCAN). ‘REAL*4 Local bocder crassing prices (875/mcf)
' " "CN_DEMAND REAL*4- Canadian consumption (BCF)
- " CN_EFFCAP(NCAN) REAL*4 Effective border pipeline capacity (BCF) - {
- " CN_EXPORT | REAL* Gas from USS. to Canada (BCF) '
CN_FLOCURQNCAN; | REAL* Border flow for currect imternal iteration (BCF) )
CN_FLOLAG (NCAN) REAL*4 Adjusted imports in t-1 (BCF) '
CN_FLOSHR (NCAN) REAL*4 - Peroent of total Canadian imports a each border crussing . |
CN_LAGSHR(NCAN) REALYS . ‘Border crossing share for previous interual teration .- | .
CN_PARMWELFR ‘REAL#4 © Local Border Price minus transportation markup "
" CN_PRODUC - ‘REAL*4 Canadian dry gas production (BCF) "
" CN_SHRCAP(NCAN) - 'REAL*4. CN_EFFCAP as shares - "
" CN_SHRDIF . REAL*4 Différence in iteration shaes for eonvq\a'génee check
| CN_WELPRC REAL*4 Canadian wellhead price (§78/mef)
| CN_WPRCLAG REAL*4 Wellhead price t-1 (875/mef) :
I "DDl (NCAN).EE REAL*4 1 Hc;l& intermediate cale’s ‘ i
EXTGAS REAL*4 . Extra gas transfer to other borders due fo maxirium capacity ||
met at one border (BCF) . -
EXTSPC REAL*4 -| Estra space available for filling along 2 border crossmg
. , 8CH - - ‘ ..
D lNTEéERM Coun.ter
IBRDX. INTEGER*4 Input border ugssiné
ICOUNT IN1'EGER*9_1 ’ Tteration counter as check for nonconvergence when
: determining Candian border crossing quantities )
| LAGBD INTEGER*4 IBRDX last time func called
LAGIT "INTEGER*4 " NEMS iter last time called

Local Variables Defined Within The NGAFM

Variable Name

Format

eDeﬁnlﬁon ’

Real Function NGCAN_IMP(BRDX,BPRC) -

EIAModel Documentation: Natural Gas Transmission and Distribution Model Volume |
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Local Variables Defined Within The NGAFM

Yaﬂablg'Name Format Definition
LAGYR - ‘ | INTEGER*4 Yr last time fiinction called
. IJ NGCAN_DEMAND . | REAL* Canadian dmd function
- SUBTOT- ‘REAL#4 - Sum of BPRC#*PARM2
TCN_EFFCAP REAL*4 | -Total effetive border pipeline capacity (BCF)
. " TCN_FLOCUR - REAL*4" ~ - | Total border flow for current internal iteration (BCF)
o " |l ToT_BroQ 'REAL*4 “Tot production left for U.S. imports (BCF)
. || ToT_FLOLAG - | rEAL*4 | Touat adjusted jrmports in t-1 ®PH S
- " Real Function NGTDM_CRVNONUFX(NGRG,CNRG,NSEC,PRICE)
CNRG .. ' | mvTEGER%s Census region -
. lInerGg - - | ‘INTEGER* | NGTDM region SN
. || 'NSEC - INT-EGEI\{M . Non el~ectric g'euei'_atf)ré sector identifier
PO , ) REALY ° -~ Base price in cixrve equation o
| Prece REAL*4 | mpupriee -
Q0 REAL*4 * | Base gty in clirve equation S

Real Function- NGTDM_CRVNONUIX(NGRG,CNRG,NSECPRICE)

CNRG - |'INTEGER*4 © | ‘Census region
NGRG INTEGER*4 ' ; | NGTDM region
' NSEC ! -mTEGER"‘. ! Non- elect:rié generators sector identifier R

PO | 'REAL*4 > |. Base pr in curve eq.
PRICE - ! REAL*4 Inpit price ‘
Q0 REAL*3 . .* . Base qty (comp) in curve eq. ‘

Il Real Function NGTDM_.CRVUTILF(NGRG.EMRGPRICE) -
EMRG - ’ | INTEGER®4 . . EMM region ~

) NGRG "INTEGER*4 “NGTDM region
PRICE REAL*4 Input price
Real Function Ncmm_SUPCRV(mp.NODE_ID.NSREG.INVALVALUg) - ' B
; l‘ INVAL \ 'CHARACTER*1 Type of variable value is (QorB) .
. J-64 g 'E!Wc;del D;eu;nqnﬁtlog'g: "Natural Gas Transn'ﬂosloﬁ ar_fd Distribution Model Volume | ’
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Local Variables Defined Within Thé NGAFM

Variable Name Fprmat Definition
NGCAN_IMP REAL®*4 Supply function: import from Can.
NGPRD_148 " REAL*4 .| Supply function: 148 regions
NGPRD_OCS REAL*4 Supply function: OCS regions

'NGSYN_LIQH, _ REAL*4 Supply function: gas from lig

|| NODEJD , INTEGER*4 - NGTDM node idzntifier

NSRéG ) ) , INTEGER*4 . Supply array position )

,STYP ' INTEGER"4 | suppty type identifier
SUPLID - INTEGER™4 | OGSM region or supply number
VALUE REAL*4 P or Q for.setting Q or P |

Subroutine BKSTOP_CHK ' ; |

|| eMMREG.CENREG | . | INTEGER4 Region ID's |

EXNODE REAL*4 Export node ID

JRET - INTEGER*4 ‘OML retur code
ImYP . '| INTEGER#4 Supply source type t

’ NGREG,NSREG INTEGER*4 ‘Regioh D's - -
. || NsEC \ " INTEGER*4 , Sector ID

Subroutice EMMOUTPUTO-
EFF' a3 REAL*4 -, Efficiency along arc to EU node ' '
LIK ' " | INTEGER#4 Counters I .

“TOT - REAL*4 !| Temporary total 1+ C (ELECTRIC GENERATORS)
Subroutine NGAFM_DMDREG3 )
LIX.YRREG INTEGER*4 Counters

- NRESID_PR(NGTDM) REAL*4 -Non Region.3 Non-residential gas price(935/mcf)
NRESID_PR_3(NGTDM) REAL*4 Region 3 Non-residential gas price(93$/mef)
NRESID_QTY(NGTDM) REALY4 | Non Regiop 3 Non-residential gas quantiiy(bcf) )
NRESID_Q'I"Y.:S(NGTDM) REAL*4 Region 3 Non-residential gas quantity(bef) .
RESID_PR(NGTDM) REAL*4 ~Non Region 3 residential gas pn:cc(93$/mcl)

4
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 Local Variables Defined Within The-NGAFM

“Total firm and interruptible demands(bef)

" - Subroutiné NGAFM_INITLP

“ (o Tocal variables)

Subroutine NGAFM_SUPMIN(TYP,NGREGNSREG,NSUPID,PCT_FSUPMINSUP) *

) " Subroutine NGFEL

1

" ElAMMode! Doctimentation: Natural Ges Transmission and Distribution Model Volume |

- Variable Name Format !)eﬂnition
RESID_PR_3(NGTDM) REAL*4 R‘egion 3 residential gas price(93$.lmcf)
RESID_QTY_3(NGTDM) REAL®4 "Region 3 tesidemtial gas quantity(bef)
"TOT.NQTY(NGTDM) REAL*4 . Total Non-residential quantity(bcf) b
TOT_QTY_RES(NGTDM) REAL*4 Total residential quantity(bef) "
jrémkasm_pkmcmm REAL*4 Totsl Non-residéntial price(93S/mcf) “
TOTRESID_PR(NGTDM) - REAL*4 Total yesidential pﬁgc(éas/mco - : " _
Subroutine NGAFM_FIDMD(TOTDMD_F,TOTDMD_) Y -
" || ExnopE ' INTEGER*4 Esportnode D - AU
ITYP INTBGER’M Supply type index ' . 7
ey INTEGER*4 NGTDM/EMM subregion couter. .- o
) Ncgié_cm,&cmm REAL*4 . Canadian and Mexicari Import Function
NGREGNSREG - INTEGER*4 RegionD's = - - -
NSEC 'INTEGER*4 - Sector ID "
SQUANT : REAL*4 Maximum available.supply qua'ﬁtity(uséd to subtract
. c constant supply from firm demands)
'TOTDMD_FTOTDMD_I | REAL*4~

I| ITYP INTEGER*4 Supply type counter \ ‘. " )
Il rsue REAL*4 Misimum Supply(be) |
| vvsurr REAL*4 Minimum firm supply -
MINSUPI REAL*4 Minimum imcmrptil;le supply .
NGREG,NSREG >IN'IfGER‘4. Region/subregion counters [
NSUPID : INTEGER*4 - Supply region (1-6) -
PCTFSUP . || REAL*s Percent of Minimum supply that is firm

L,
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- Local Variables Defined Within The NGAFM

- : ‘ |

Definition

Variable Name | Format

13 - INTEGER*4 Region counters h

TOTPQ M‘4 Stores P*Q values for a NGTDM reg

TOTPQ_CEN (9) REAL*4 ~ | Stores PoQ'values by Census reg |
TOTQ REAL* Stores Q totals for a NGTDM reg '
T(')JTQ.CEN ® - i | REAL* - Stores Q totals by Census reg

Subroutine NGFNONU(NSEC) S ’

1 INTEGER*4 Region countefs 1,
NSEC INTEGER*4 - Sector ID counter "
TOTPQ_CEN (9) REAL*4 “Stores P*Q values by Ccnsus reg "
TOTQ_CEN (9) REAL*4 “Stores Q totals by Census reg "
Subroutine NGIEL B

157 S ' INTEGER*4 Region counters

TOTPQ REAL*4 Stores P*Q values'for a NGTDM reg s
TOTPQ_CEN (9) REAL*4 = . _ | Stores P*Q values by Census reg

TOTQ REAL*4 Stores Q totals for a NGTDM reg [
TOTQ_CEN (9) R..BAL"‘ Stores Q totals by Census reg

Subroutine NGINONU(NSEC) - |

L7 " INTEGER¥ Region counters _

NSEC INTEGER*4 "Sector ID counter -

TOTPQ_CEN (9) REAL*4 Stores P*Q values by-Census reg {t
“TOTQ_CEN (9) REAL*4 Stores Q totals by Census reg

-Subroutine NGLP_RPT (IUNID:- not used

_COLSOL CHARACTER*S . | /ACLUD '/ MF

1 - INTEGER*4 Counter -

IRET - - | NTEGER"4 OML refiirn code

IUNIT INTEGER*4 Unit zum for output file )
NM CHARACTER*$ .OML row or col name

- ElAlM&':lel Dociimentation: -Natural Gas Transmlo;?lon and Distribution Madel Volume |
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Local Variables Defined Within The NGAFM

Variable Name Format - Dem;iﬁon
ROWSOL CHARACTER*S - | FASLUP'/ MF
' STAT2 CHARACTER®2 OML LP status code
- SUPPFL . REAL"4‘ Base level of supply in Florida i
TEFFCAPEL REAL*4 Unadjusted eff total cap into FL -
TELWFL . REAL*4 - Required total flow into FL for base demand
VALUE®) REAL*S OML solution '
Sibroutine NGOUTAFM
1 A INTEGER*4 . Counter
ITYP INTEGER*4 - Supply type- I
2| NGrEG , INTEGER*4 Region couiter |
Subroutine NGQRSEL . ‘
, DEL o v | REAL#4 Stores change in comp gas den}and
* || NGREGEMMREG,CENREG INTEGER*4 .-+ | Region counters 1
‘ KK h | vtEGER®s | Region coumers . e
. NGTDM_CRVUTILIX REAL‘4 ‘ Comp gas function ' | -
|| prx REAL*S - Prics on vertieal _ B I
: “ || PRFLAG - INTEGER‘4 ) Flag when price. 01_1; vertical . |
|l ersELGR T REAL*4’ Total resid use portion of GOIL
| " RHDEL: _REAL*4 - Change in high sulfur resid portion
' " -RLDEL REAL*4 . -Change in low sulfur resid ponic;n
Subroutine NGREPIN i " ‘
101y - ~ 7| INTEGER#4 Unit #/Counters |
' Subroutine NGREPOUT. ) !
|| oy INTEGER*4 Unit #/Cousters
I Subroutine NGSUPCHK ;
| canpem - REAL*4 - NG demand.in Can _ )
_(EANSUPA - RN REAL*4 NG supply in'-Cz.m'

ya

. -
)
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Local Variables Defined Within The NGAFM

Variable Name Format Definition
CONTOT REAL*4 Total NG consumpli(;n in-Can
|| ELSTOT REAL*4 Est. elasticity for 7772
EYR ' . INTEGER*4 (not used)
‘1 | INTEGER*4 Counter
. " LASDEM REAL®*4 Lower 48 dmd for NG -
LASSOP REAL*4 Lower 48 supply of NG to Can
' || NGcAN_DEMAND REAL#%4 ” Function to set NG coosump in Can . |
" OTHDEM REAL¥4 Other NG dmd -
OESUP REAL*4 | Other N§ st_xpplies .
- || PrCTIR. 'REAL%4 m
" PRCLAG . " REAL*4 Lagged totdl avg wellhead price for NG . "
PRICE REAL*4 . 'Est.total avg wellhead price for NG l
|| revroL ™~ “| REAL%4 m .
' " SUPTOL - ‘| -REAL*4 7. :
" SUPTOT : ‘REAL* - m ,
Subroutine NGTDM_AFM : .
ACI'FILE' ' CHARAC;I'ER‘8 ' ACTFARM 'I:OMi. database containing the LP problem - q N
|| ACTPROB - CHARACTER*S | ACTPROB */ OML LP problem name
” AFMBYT INTEGER*4 - " Size of AFM LP-warkspace in bytes
I DBUGOPEN LOGICAL Flsg to open DBUG trace file 1
I “DECK CHARACTER*8 | /'AFMDECK */ OML LP deck name
I FILE_MGR | -INTEGER*4 - File manager func in NEMS main 2
| ename . CHARACTER*18 | Filename for NGDBUGI AFM LP output-
FNAME2 'CHARACTER*18° NGDBUG2 output file to slor.e supply curve parameters
1 INTEGER*4 Sector counter’ i
IREG INTEGER®4 . | NGTDM/OGSM subeegion ID (1-17) -
IRET INTEGER*4 - OML return code

EIAModsl Docimentation: Natural Gas Transmission and Distribution Model Volume |
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Local Variables Defined Within The NGAFM |,

.

Variable Name ‘Format | Definition
ITYP - INTEGER*4 Supply type colinter _
MIN_SUP REAL*4 Minimum supply level, (BCF) "
) NGREG 5 INTEGER*’4 Region counter
I?SRBG INTEGER*4 éubregion counter .
. NSPPID INTEGER%4 -Supply region (1-6)
’. .' NUMIINFSWRT - : -~ | INTEGER®4' Number of times infeasible solutions Bave been written
‘ || ovinam .. | cuaracTerss Stores name of OML fucntion conaining eror |
e = || PCT. _psup . .o, REAL*4 ) 'Pe;'o%ent of onshore production going to firm network ‘
. (2= S ’ R " | REAL% Percent production not lease and plant
.. |mrcop- INTEGER®4. ' | Retumm code from GOMHOT (subroutine 16 pack LP.
‘ R . N o ' solution) ’ T ‘
_ ‘ TEMPACT =~ ° . - CHARACTER*S Temporary stacage for ACTFILE mame - -
- TOTDMD_F REAL*S " | Total firm demaid (BCF)
| Toromp REAL*4 Toul intermuptible demand BCH) - - " '
| oo ’ INTEGER*4 Unit # for NGDBUGH for writing infeasible AFM LP soln. I ,
: Subroutine NGTDM_AVGPRC, o } ' '
. .F_I.DW_F ’ REAL*4 - - " Firm.flow along an arc (B_EZF), . .
|l ik srepEsTASREG © | inTEGER*4 Coumers’ -
‘ " SUM_FLOW REAL®4 Sum of ﬂévf' ;qipg into node (from supply and other node) "

" Subroutine NGTDM_BKAD] (ot used) |

i,

- . . - B H

P

i -

l ACAP_MAX REAL*4 Maxinum effective capacity along arc into Flotida (BCF) - I
‘ ACAP_MIN RfiAL"tf Minimum cafx;city along arc into Flm;ida ('BCF; n.o(-used) -
- DRéFL R “| INTEGER*4 - ‘Non- electric generators demand rég'ion f_or. FL
" FDEMFL. REAL®4 Firm defnand in Florida (BCF)
‘ 1 REAL*4 . Utadjusted eff firm capacity into-Florida .
FELWFL - REAI®4 | Required firm flow into Flécida for base demand
FREL . . INTEGER*4 - .| NGTDM transhipment node onnecting into Florida.

»

Lt
'
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Local Variables Defined Within The NGAFM

S

Variable Name Format Definition
I INTEGER*4 Counter
IDEMFL REAL*4 Interruptible demand in Florida (BCF)
"‘ IRBT INTEGER*4 {1 OML return code ‘
PERFL - REAL*4 Percent of sup‘pl‘y used for L&P )
SRGFL INTEGER*4 NGTDM/OGSM region in FL
SUPPFL - INTEGER*4 NGTDM/OGSM region for FL
" TEFFCAPFL REAL*4 Unadjusted eff total capacity into Florida
TFLWFL REAL*4 Required total flow into Florida for base demand. "
TOFL - ' INTEGER4 - - Transhipment node in FL | "
UBGFL . INTEGER*4 Electric generators subregion for FL
Subroutine NGTDM_CAPI "
ACAP.MAX REAL*4 Maximum annual capacity (Bef) "
1| acarmin | reaLr Minimum annual flow (Bef) "
AX_FLOW REAL*4 NG flow from Alaska into NGTDM node 18 BCF) .
DEL_AKFLOW ] 'REA_L"4'V Differeneq in AK ﬂow; between current & previous yr "
" 'RET 7 INTEGER*4 | OML retum code |
" NEWFLOW REAL*4 Estimated flow from new capacity (Bef)
" NGREG, AN, 1 INTEGER*4 Reg{Subigg counters
RHSVAL . ‘REAL*4 ‘ RHS value for storage variable -
SRC, DEST INTEGER* Node ID's - | L
SRC_AKCAN | roctcar. ‘Fiag 1o indicate if CAN border crossng intersects WIAK - I
border crossing
Subroutine NGTDM_DTM '
AFP REAL*4 Alternate fuel price(S87/MCF)
DISTO(3,NNGREG) . REAL*4 Base dt from hist input ($87/MCF)
DIST(3,NNGREG) | reaLe4 " (S8TMCF) '
LIKM -~ INTEGER*4 Index variable
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Local Variables Defined Within The NGAFM

Variable Name Format ' Definition
IFLOOR(NNGREG) REAL*4 Lower bound on markup ($87/MCF)
?DI(NNGREG) ; REAL".'4 User specified % discount
“IPD2YR(NNGREG) INTEGER*4 “Year switch '
IPD2(NNGREG) ‘ REAL*4 ‘Al user specified % discount
) ’ NCZNU_DT ARF_DECL - ,REAI‘,‘4 Decline rate of nc'mu.ﬁrm distributor tariffs .
“ PERCDISC - REAL*4 % discount |
T REAL*4 User Federal gasoline tax(§87/MMBTU) - || .
T2 . - | REAL* | At user adj to Fed gasoline tax($87/MMBTU) "
“TFD2YR “INTEGER*4 Year switch ‘
T - REAL*4 TILT determ. fr user input ($87/MCF) , "
TILT1(3,NNGREG). REAL®4. User adjto dt S8TMCP) + I
{| TLT2YRGNNGREG) INTEGER% - - | Year switch V
A ‘m.'l!@.NNGREG)' _ ‘REAL*4 | At user'adj to di(S87/MCF) - ‘
|| TSTI0NNGREG) 'REAL®4 - | User state gascline 1ax(S87MMETU) | .
TST2YR(NNGREG). . INTEGER*4 - | Yearswiten - : l
TST2(NNGREG) | rREALSS ‘ ' Alternate state gasoline 1ax(S87/MMBTU) -
| UBENORG(NEMMSUB) REAL*4 Etec. gen. bench factors calculated ip last historical year
UBENPER ° -REAL*4 . Percent of UBENORG not phased out. -
|l veENyRD INTEGER*4 Number of years UBENORG phaseout
UINTR REAL* - " Cotapet wiesid miap for util sec(387/MCF)
y ‘URFLOOR(NEMMSUB) REAI®4 .. Lower bound on markup(S87/MCF)
URPDI(NEMMSUBY) ; REAL*$, User specified-% distount
URPD2YRQNEMMSUB) © | INTEGER®4 Yearswitch © . -
‘URPD2(NEMMSUB) R'EAL"4 Alt % discount ' )
UTILTI(NEMMSUB) REAL*4 User adjustment to dt (S87/MCF)
UTILT2Y(NEMMSUB) . INTEGER*4, _ Year switch_
UTILT2(NEMMSUB) REAL*4 | Attcuser adj to diS87MC)

<472
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' Local Variables Defined Within The NGAFM

-

'Variable Name

|| w_LrPGmNGREG)
\

| Format Definition
W_COAL(NNGREG) REAL*4 Ratio for coal
|| w-DisTawGREG) ‘ REAL*4 -Ratio (weight) for distillate
REALY. - ‘ iZatio for hjquid petroleum gas
W_RESID(NNGREG) | REAL* . Ratio for residul "
Su‘!?i'ouﬁnc NGTDM_EFFLP
EFF‘ REAL*4 Efﬁéicnpy from node to end-use sector (Intraregional eff ** ”
- ‘ Distributor eff) . .
EMMREG, CENREG lN'I'EéER‘4 EMM or Ccnsus reg ID
" RET INTEGER*4 - OML retum code "
|l NGREG, NSREG INTEGER*4 Reg/Subreg counter "
NSEC INTEGER*4 SetorID ‘ "
" Subroutine NGTDM_ENDPR
""BKYBA'li INTEGER%4 "|. Last year in-which backstop occurred ' " )
T " NGREG,NSREG,NSEC INTEGER*4 Counters "
' " Subroutine NGTDM_EXCIT .
DELQ -_ REAL*4 - "Leagth of steps (Qty) on export dmd curve
DPRICE (NDSTEP) REALM" PR on export dmd curve steps : "
| EXNODE INTEGER*4 Expont node ID’
EXPQTY, EXPPR REAL*4 _Export Qy &Pr
1 INTEGER*4 Counter ° A
IRET. INTEGER*4 OMLremmcode’” -~ - ‘ I
ITYP, NGREG, NS,-SRC INTEGER*4 Reg/Subreg/Supply type counters
MINF k - | REAL*4 Min flow.on export arcs -
NGEXP_CAN, NGEXP_.MEX | REAL®4 Can & Méx export functions
Subroutine NGTDM_FLOWSI ]
1, NGREG, NSREG '| INTEGER*4 Reg/Subreg counters
IRET ' INTEGER*4 _ OML réturn code
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X :
. Local Variables Defined Within The NGAFM

J-74

Variable Name Format Definition
- K
SKC, DEST INTEGER*4 - ‘Source & dest node ID
: “ Subroutine NGTDMHISOVR
BETA REAL%4 ° Phase Variable 0-1 (not used) .
CENREG INTEGER*4 Census Division ID (1-9) L
CH CHARACTER*1 End of data flag (#) ‘
CN_NGEWAP (9'.4; mmemiu maps from Census region to NGTDM/EMM subregion
CN_NGEMSUB (9) INTEGER*4 Number of NGTDM/EMM subreg in Census region -
DPR_CHK(NNGRFE) . REA_L"4- Firm end-use price for Wﬁoh sector for last
. oL i historical yr (878/mef) S
l EFF L REAL%4 Efficiency from node .to_ end-use_sector (Intraregional eff *-
. . . i . \[. .b‘ut“d) '- .\’;_, . .
EMMREG INTEGER*4 EMM region counter /
| FILE_MGR INTEGER*4 '| Function which passes unit numbers - "
| mvave. CHARACTER*1S _ | Input file name _ . "
- >+ | HCIsYNGWP . . REAL*4’ Hist SYN from coal gas price '
. « || FHISYRLLHISYR) - : :
| HISBENCHF(NONUSECNNG " | REAL*4 Firm benchmark factors for historical years (878/mcf)
.REGFHISYR:.LHISYR) v . T :
HOGCNPPRD(FHISYR-LHISY REAL*4 - His Canadian NG production price (875/mef)
R) ' : ) ST .
HOGCNQPRD(FHISYR:LHISY | REAL*4 His Canadian NG production quantity (BCF)
R) . N . Y
HOGPNGEXP- “ | REAL®4 Hist gas export prices N
(MNUMBX FHISYR:LHISYR) ‘ :
HOGPNGIMP _ . wl‘lEAI;“‘l Hist gas import prices
(MNUMBX, FHISYR:LHISYR) B
HOGPRDNG _ REAL*4 Hist NG dry gas prod (byOGSM)
(MNUMOR FHISYR:LHISYR) . ' - . -
HOGPRDNGOF REAL*4 Hist OFSHR NONASSOC gas prod
G FHISYR-LHISYR) - o : K ~
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rm
) Local Variables Defined Within The NGAFM
Variable Name Format Definition
HOGPRDNGON (NSUPSUB, | REAL®4. Hist ONSHR NONASSOC gas prod
[| FruSYRLHISYR) ‘ E
’ HOGPRSUP ’ .REAL*4 Hist SYN fr LIQ gas price
|| FHISYRLIISYR) - \ "
HOGPRSUP3(3,FHISYR:LHIS | REAL*4 " Historicl pnees for SNG components from liquids (878/mcf) || .
] w . - |
HOGQNGIMP | rEAL*s- Hist gas import quantities.
(MNUMBX,FHISYR.LHISYR) . | -~ : s
HOGWPRNG REAL*4 Hist wellhead price
(MNUMOR FHISYR:LHISYR) ' s
HPGCELGR(NEMMSUBA,FHI. | REAL*4 Estimated histarical price for NES {nonassociated dissolved)
" il SYR:LHISYR) to the competitive electric generation sector (875/mef)
HPGECM - - REAL%4 | Hist comm firm service pr—CEN ‘
(MNUMCR,FHISYR:LHISYR) o : a
HPGFCMGR . .. | REAL%4 Hist eomm firm service pr—~NGREG
(NNGREG,FHISYR:LHISYR) - ' :
HPGFELGR (NEMMSUBA, | REAL*4 Est. firm service E.U. price (NA)
FHISYRIHISYR) ! . -
HPGFIN : .| REAL*4 Hist inds firm service pr-CEN
(MNUMCR,FHISYR:LHISYR) . :
‘HPGFINGR REAL*4 Hist inds firm sérvice pr-NGREG
(NNGREG,FHISYR:LHISYR) o )
HPGFRS | REAL*4 Hist resd firm servic pr-CEN
(MNUMCR, FHISYR.LHISYR) . e
HPGFRSGR | rREAL*4 | Hist resd firm service pr-NGREG oo
(NNGREG,FHISYR:LHISYR) - - ‘ o
HPGFIR - T |-mEAL Hist tran firm service pr—CEN : - |
(MNUMCR,FHISYR:LHISYR p ,
HPGFTRGR . | REAL#4- Hist tran firm service pr-NGREG
(NNGREG,FHISYR:LHISYR) . :
| mpcicm REAL* Hist comm interpt service pr—CEN
(MNUMCR,FHISYR:LHISYR) :
HPGIELGR(NEMMSUBAFHIS | REAL*4 _ | Estimated historical price for NG (nonassociated dissolved)
YR:LHISYR) ) ’ ‘ to the interruptible electric generation sector (87$/mcf)

75



+ ' Local Variables Defined Within The NGAFM

Var,'lable Nan_le ‘Format Definition
HPGIIN | REAL% Hist inds interpt service pr—-CEN
|| MNUMCRFHISYRLHISYRY ; ' 1
. || sroms REAL*4 Hist resd interpt service, pr—CEN
|| MNUMCR, FHISYR-LHISYR) / : . ‘
HPGITR . REAL*4 | Hist tran interpt pr-¢EN -
(MNUMCR FHISYR:LHISYR) - .
HPGTEIER(NEMMSUBA,FHI REAL*4 Estimated historical price for NG (nonassociated dissolved) |,
.SYR:LHISYR). . ) B to the electric generation ‘sector (87$/mef) . " .
» . - A ‘
HPRNG_PADD " | REAL*4. Hist NG dry gasprod by PADD)  *° ’
_(MNUMPRFHISYRLHISYR) | - - . S
HPRODTOTOF() "REAL*4 Hist total offshore gas prod by offshore sup reg (BCF) “ b
'HPRODTOTON(17) REAL¥4 | Hist tota] onshore gas prod by NGTDM/OGSM subregion ||
HQGFCMGR(NNGREG). - | REAL*4 Hist comm NG consump by NGTDM reg (BCF) "
HQGFCM(MNUMCR) REAL*4 Hist comm NG consump by CENSUS reg BCP) ~ .
HQGFRSGR(NNGREG) . . REAL*4" Hist resd NG oonsump by NGTDM reg (BCF) \
HQGFRS(MNUMCR) REAL*4 Hist resd NG consump by CENSUS reg ®n "
HQGPTR . | RE&”L ‘| Hist pipeline furl consumption (BCB .
(MNUMCR,FHISYR:LHISYR) |. -~ - : - . - R
: HQGTELGR(NEMMSUBA REAL*4 _ " Hist elec NG consump to NGTDM/EMM subregion (BCF) "
|| noLem . + | REAL*4 Hist lease’& plant consumption (BCP) . -
_ (MNUMCR,FHISYRLHISYR)- | = .~ -~ - S
. || HRATIELGR(NEMMSUBAF | REAL*4 Assumed electric utility pf/@avg(pi,po).
HISYR:LHISYR) o o D .
.+ . | HRAT2ELGRNNEMMSUBAF | REAL*4 Assumed electric utlity pifpe
" || misyR:LHISYR) - : ' . .
" LK INTEGER*4 Counters _
ICEN INTEGER*4 * Census region identifier for state da!a
ING INTEGER*4 ﬁGTDL/{/region identifier for sw.e data
INGEM | INTEGER*4 - NGTDM/EMM region identifier for state data .
" INGOG INTEGER*4 NGTDM/OGSM produiction region identifier for state data
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Local Variables Defined Within The NGAFM

|

'élAfModel Doéumennﬁon: Natural Gas Transmission qnd Distribution Model Volume §

L e mr i m v e ——— o p—— p——

Variable Nnme‘ Format Definition
" 10G INTEGER*4~ OGSM p-oductiozx: region identifier for state data
|| IPADD . INTEGER*4 PADD region identifier for state production data |
Il NEMMSUBA INTEGER"4 Num NGTDM/EMM regs (w/AK) l
NEMMSUBA=NEMMSUB+1  PARAMETER : !
" NGREG, .INTEGER*4 NGTDM region couster , “ )
. NOGWPRNG . REAL*4 Avg lower-48 wellhead price (875/mcf)
NPRDTOT _ | REAL¥ National dry gas production (BCF)
_ NQGPIR ‘REAL*4 National pipeline fuel consumption (BCF) "
‘Il NQLPIN REAL*4 National lease and plant consumption (BCF) ’ "
NSREG INTEGER®4 _ NGTDM subregion counter ‘ "
‘NWPRLAG -REAL¥4 " Avg 1-48 wellbead price for LHISYR-1 (57S/mc) "
| PEXPQ) - REAL®4 Hist price caparts - CANMEX LNG (878/mef) ' "
PIMP(3) REAL* Hist price imports CANMEX,LNG (878/incf)
. PNA REAL*%4 Nonasso.t_:iated gas'prodm::tion by state (MMCPF)
PTOT ' REAL*4 . Total gas'produaic_m by state MMCPF)
QEXPG) -REAL* - Hist quantity exponts — CANMEX.ING MMCP) "
|| qorFEL LoC (NUMCR) - | REALSS - | Hist Q firm service EU consumption by Census (8¢f) "
. “ QGIEL_LOC (MNUMCR) *. | REAL®4 - " Hist.Q UC EU consumption by Census (Bef) "
| vy REAL®- [ Hit quantiy imporis - CANMEX.NG MMCE)
QT REAI®*4 . - Temp hold_.ing array (tot EU. eonsun;niotf) o II
" SPCM REAL*4 State commerical sector price of NG, (87S/mif)- '
SPEU REAL*4 . State elec generation sector price of NG (878/mef) -
I. SPIN REAL*4 State industrial sector price of NG (not used) (878/mef) -
SPRS - ’ REAL*4 - " State residential sector price of NG (87$/mcf)
" sQeM |, REAL*4 State commerical sector consumption of NG (MMCF)
" .SQEU ' REAL*4 . State elec generation sector oonsumpticfn of NG (MMCF)
H SQIN ' REAL*4 Stite industrial sectof consumptn of NG, not used (MMCF)

'



Local Variables Defined Within The NGAFM

" Variabile Name Format .| Definition
ll
SQRS REAL*4 State residential sector consumption of NG (MMCF)
- TMAP (14) INTEGER*4 Imp/Exp mapping bordér crssing positions to tot - |
o ' UNTINUM " ‘| INTEGER*4 ’Unit_mxmberpassedf;omﬁlemanager "\
. XMAPXNUM) INTEGER*4 Mapbordercrossmg to supply source (1=Can, 2=Mex, .
. " R : 3=LNG) S :
i YR.J 4 ) INTEGER*4 -~ Hxsuncal year .
) || Subroutine NGTDM_ IMPORTSI - , IR
-~ " I crero INTEGER#4 From/to nodes for Can. imports L
- -] cNmere REAL*4 Price of firm Can. imports at border xing ° ' )
' oo CNFSHR - 'REAL*4 | Quantity or shr of firin Can. imports at border xing -+ ||
- | owmere . | rREALSs Price of intérrup, Casi. imports at border xing |
- cuser REAL%S * - | Quatity or shr of interrup. Can. imports at border xing
. TIMP,NSUPID INTEGER*4 | Regionfype ID's R
" RET . INTEGER*4 ~ |'OMLremmcode - : e "
Yy . ~ | INTEGER#4 - Supply type ID L "
_ Il NGREG,NSREG | INTEGER*4. ., Regiothype ID's "
II Subroutine NGTDM_LPEI - o A _ ||
EXNODE _ | mvTEGER4 | tmportexport node counter - . I
IREI‘ X | INTEGER*4 - -OML return code ’ '
TIYP INTEGER*4 - - | -Supply type cotmter
NGREG INTEGER*4 "Regibn pgupw’r ’ ‘
" Subroutine NGTDM_LPSI / - 1
' " IRET INTEGER*4 OML reurn code -
" 'NGREG, NSREG INTEGER*4 - | .Reg/subreg counters
- " NSUPID, ITYP. | mNTEGER* Supply type counter ‘
" Subroutine NGTDM_MAXPT * G ’ .
" DEST,I INTEGER*4 ‘Reg/Subreg counters ., -
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Local Variables Defined Within The NGAFM -

|

VaﬂaﬁIe Name Format Definition
IRET INTEGER*4 OML return code -
‘ | NEWTAR REAL*4 Realized TARIFF._]

" NGREG, NSREG, SRC INTEGER*4 Reg/Subreg counters '1
Subroutine NGTDM_NONUCINSEC)
BASE_PR . ' REAL*4 Base Pr on Nonutil dmd curve
'BASL;._QTY RE!_\L‘4 ) Ba..se Qty on Nonutil dmd curve
DPRICE (NDSTEP) REAL*4 Pr on Nonutil dmd curve steps

" DQDEL (NDSTEF) - REAL*4 Length of step (Qty) on Nonutil dmd curve .. "
DQUANT (NDS"I'EP) . M‘4 Qty on Noautil dmd curve
RET INTEGER*4 OML return code
NGREG, CENREG INTEGER*4 NGTDM & Census rep ID's

" 'NG"I'DM_CRVNONUE{ REAL*4 Func. to generate firm nomutil demand énve wlelas

’ " NGTDM_CRVNONUIX REAL*4 | Fune:to geﬁcratc Interrup. ponutil démand curve w/ elas
I NS, NSEC .+ | NTEGER*s Counters’ ‘
Subroutine NGTDM_NONUSI(NSEC) ,
.CENREG -, ° - { INTEGER*. Census region ID’
EFF . ’ . REAL*4 ) Eﬁicxency from node to end-usc sector (Inn'arcg:ona] efl *
-, . ' Distributor eff) - . ,

IRET : .INTEGER*4 OML retum code - T
NSEC. NGREG , ' | INTEGER*s,.- | Sector & reg counters

I Subroutine NGTDM_POST - - j
1) INTEGER*4 Counters
LP (NSUPSUB) REAL*4' Lease and Plant
NSEC INTEGER*4. Sector ID counter
Subroutine NGTDM_POSTNONU
ADI_DTAR;F@,NNGREG) ’ -RE'A‘L*4 Adjusu:d markup for firmtransportation sector to account for

. phase-out of subsidies (875/mef)

L
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Local Variab'les"Defined.Withln The NGAFM
.i
Varisble Name Format Definition
AFP . ) REAL*4 . Alternative fuel price for firm transponauon sector I
o " (878/mcf) : ‘ - f
PERCDISC REAL*4 ‘DTAR Discount for the firm tran.sponauon sector.as a % of
: : the markiip to- the alternative fuel price - )
‘BETA .-« - RéALM V.uial.)lg used to phase-outﬁrm transportation sector’ . .
‘ subsidies. (0-1) ‘ : . A -
“czmzsc ) INTEGER*4 ‘ ,_c'ei:susmgionm W T "
. " DTAR_MAX REAL*4 |- Maximum DTAR for firm transportation sector (87$/mcf) * "
DTAR MIN REAL*4 - Misimuni DTAR for firm transportation sector, adjusted |[ -
T TFLOOR with taxes (87$/mcf) (not used) T ‘
EFF - . :REAL““} Efficiency from node to md-usc:caor (Intmegxonal éff . -
. . . - - Dl smobut“ d) . -
‘MINPRIND . © _REAL*4- Min price on IND for constant demand, 878/mef (got used) || '
. NDISTAR F(NONUSECNGID | REAL°4, Firm distributor tariffs for nonutl sectors (87S/mef) . |
. M)_-_ N . . - - .. - . /" - i H -
, NDISTAR_J(NONUSECNGTD. | REAL®*4 Interrup. distributor {ariffs (878/mef) T s
'NGREGNSEC - * /INTEGER* - | RegionsSector couniers’
NREV_F(NGIDM) - . _ REAL4 ‘| Firin distibutor revenues by region (million$) . - |
.|| NREVIMNGTDM) . REAL®4 ° " Interrup. distributor revenues by region (million $)
. ‘TOT_REV_NF REAL®4 “Total firm diétributog Tevenues per sector (million $)
|l TOT_REV_NI . . ‘ . S © | REAL*4 Total interrup. distributor revenue per sector (million$) . |
Subroutine NGTDM_POSTUTIL . Tl
‘EFF ‘REAL*4 . Efﬁcxcncy from-node to end-use sector (lntra:eg:onal eff *
- - ’ Distributor eff) , &
KK I INTEGER*4 _' NGTDM/EMM sﬁbregion ‘counters
NGREG.NSREG INTEGER"4 . Region/Subregion c'ount_crs
.PERCDISC . | reAL#4! Percenit of alternate fuel price used to set price for clec
R gencration sector competitive w/ resid. = .
TAFP . REAL®4 Alternate fuel price used to set price for elec generation |
- - ’ sector competitive w/ resid. (87$/mcf)

-~
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. Local Variables Defined Within The NGAFM

Variable Name Format . Definition
UINTD, REAL*4 | (not used)

" FLOOR 1 REALM Minimum distributoe tariff, used to set price for elec Wj

generation sector competitive w/ distillate. (87$/mcf)
' " POILOLD _ | reaLx- Avg. ol price used by EMM (875/MMBTU) TI
| "PRMIN oL ‘| REAL*4 Min end-use gas pr for electric generauon sector - (87$/mef)
TOfI‘_REV_UF | REAL#4 | Total firm revenue oircr all regions (million $) °
TOT_REV_UI “ | reaLs - Total intemruptible reveme over all regions (million §) "
UDISTAR F(NGTDM,NGTDM | REAL*4 | Form st it foc eec generator ecter @18/ "
; L ‘ . |
UDISTARJ(NG'IDM,NGTDM) REAL¥4 - Interfup. distributor tariffs for elec generator sector _" -
o . . (878/mcf) 8

UREV_F .| REBAL* ) ‘F;rm revenues by NG'IDM region (million S)
UREV_I- -REAL*4 Intexruptiblc revenues by NGTDM region (milhon S
UTIL PR , Jb REAL*4 End—usc pnce for elec genermon sector eompeutxve wl .
UTILPRIJR | " | REAL% . End-use price for elec generation sector eanpe_titiy.e wi resid
Subroutine NGTDM_PRE : - |
ADGLAG (9) REAL*4 1 AD gas production Iast yr S - . " o
ADG_TO_OIL(NSDOMREG) | | REAL¥4- Ratio of AD gas peod to oll pod for 198792 * .. - | "
EMMREG " | INTEGER* | BMMrgisD. . . . " .
HADGPRDOF(NOCSREG 1990° | REAL%4- Hist AD gas prod offshore (&18/c) . " :
1993) o - \ LT -

| HADGPRDON(6,1§90:1993) REAL*4 Hist AD gas prod onshore (878/mcl) - "
11K INTEGERf4 "Counters ) ’ jl
NGREG, NSREG INTEGER*4 Reg, subregion counters h

L OILLAG (9) | REAL% Oil prod Iasi yr (MMBbI)"

" PALPHA \ REAL*4 - ) Md relative gas/oil price impact on AD gas.prod

" PFACT REAL*4 - Production factor for setting AD gas production

vy < v
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Local Variables Defined Within The NGAFM

L]

Variable Name Fbrmat Definition

PGAS_TO_POIL REAL*4 . Avg hist wellhead price ratio for gas pr/wop for 1987-92
SREG INTEGER*4 ° Supply region identifier . . -

TEMP - . B REAL*4 - Temporary holding variable .

1

" || ‘subeoisine NGTDM_SPLYSIATY®)
- IRET ‘ INTEGER*4 OML returm code. ~ -
ITYP, NGR;G, NSREG -~ -mm‘4 . Reg/Subreg/Supply type pamte'rs _ "
XK -7 | INTEGER*4 Supply subregion ID (1-17,1-3)
) NGPRD_148. . REAL*4 Supply curve function for lower 48 onshore production "
" -.|l NGPRD_OCS "REAL* ", Supply curve function for offshore production L "
- *|l NsUPID, Ns ‘ “INTEGER®4 Supply coumers - _ S " )
|| TEMP@NSSTER)-not used REAL* . Notused .. AT "
UNIT2 INTEGER*4 “Unit sumber for output info written to NGDBUG2 "
‘|| subroutine NGTDM_SUPCIATYP) - ‘ "
. || pELSUP_PR | rREAL*4 SUP_PR delta foc iterations 1 & 2 :° LT |
" IREG INTEGER*S . NGTDM/OGSM subeegionID , ~~ | o ‘
IRET INTEGER* < .. ;| OMLrewmcode .-
— e P
K INTEGER*4 .| supply Subrégion ID (1-17,1:3),
MINSi’R_FLG |- LoGicaL Flag indicating minimum shpply price reached
'MINSUP R . ‘ REAL% ' Minimum supply (BCF) v , . .
' MINSUP_PRONSUPTYPNGTD | REAL* | Minimum priee on supply curve (§7Sme) .
MJSUP). P L - . :
°[| MxrLAG ‘ -‘IN1'E(?ER'4 Maximum supply flag
|| NGPrD_L4g REAL*- ' Supply function for onshme.shpply‘
NGPRD_OCS REAL*4 - Supply function for offshore supply
NGREG - INTEGER*4 NodeID S
NGTDM_SUPCRV . | REAL*4 Supply curve function
) ;l-szv ElAIModel D;)eurrientation: Na_ttiral'Gas Trarismiulqn and Distribution Model Volume
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Local Variables Deﬁne‘d»Within The NGAFM

-~ |} NsrEG
"~ || nsurp

)
:f

Vartable Name Format Definition
NS INTEGERM i Supply curve step number
’:'INTEGERM Supply array position . .
INTEGER*4" .Supply source ID .
OLDSUP_PR ‘REAL*4 Old SUP_PR used to calc WTSUP_PR
(NSUPTYP,NGTDM,ISUP) ' '
PER, ' REAI* .- Percent production siot lease and plant
My - REAL*4 | Minimum supply quantity BCF)
.|| serice @vssTEPY, < REAL*4 Price on supply curve steps (§75/mef)
1 sopeL (NSSTEP) ™. REAL*4 Length of steps (QTY) on supply curve (BCF)
SQUANT (NSSTEP)" REAL*4 QTY on supply curve (BCF) '
UNIT2. | vrEGERss . | Uit mimber for owput info wrinen 1 NGDBUG? _
WTSUP_PR .. REAL*4 Weighted avg SUP_PR
Subroutine NGTDM_SUPTESTATYP,NGREG,NSREG)
DELSUPPR | REAL*s (aot used) . \
I SUP_MIN —BEAL‘4 . Minimum supply on supply curve ®CH.
| TSUPPR "REAL% Supply PR a5 a function of QTY from prod func (§7S/mef) " ~
ITYP,NGREG,NSREG INTEGER*4 Counters, . WI
NGPRD_I;48 REAL*4 _. Onshore NG production function l
- NGPRD_QCS NP | REAL*4’ ) Offshore NG production function )

, | orec - 'INTEGER*4 OGSM supply region ID
P0,QO0’ REAL*4 Wellhead pr (878/mcf) and prod level (BCF) from OGSM -°
Subroutine NGTDM_TARDI Co & )
AD]J REAL‘4 DTAR adjustment term- resulung from delta betwcen

| N marginal and average firm node prices (87$Imcf)

EMMREG, CENREG,.NSEC INTEGER*4 Emm or Census reg ID, sector D
m_r-:'r . | INTEGER*4 OML return code
NGREG, NSREG INTEGER*4 | | RégfSubreg counters

" Subroutine'NGTDM_TARPI

ElAModel Documentation: Naturat Gas '.l'rqnsmissl_on Aand Distribution Model Volume |
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Local Variables Defined Within The NGAFM

| " Variable Name .. - Format Definition ,
o
C " RET INTEGER*4 OML return code
o " NGREG, AN, I INTEGER*4 Reg/Subreg counters .
L " SRC, DEST " INTEGER*4 Source. & dest nodes
> |l ‘Subkontisie NGTDM_UTILCE ‘ |
' f-BAsERR. T RizA_Lfé'. : Base Pr on Util dmd curve .
. | BasEQry, " | REAL*s " 7| Base Qtyon Util'dmd curve
DPRICE ODSTER)- REAL*4 | Pron Uttt dmd curve steps -
.'._ -DQDEL(NbsmP) " REAL*. Length of step (Qty) on Util dmd curve "
DQUANT (NDSTEP) “REAL¥ Qty-on Util dmd cuwrve .
- EMMREG, NS INTEGER*4 Emm reg/subreg counter -
IRET . :INTEQER‘4~ - | OML retum code
‘o ‘NGREG, N;SREG: INTEGER*4, Reglsubreg counters ” "
NGTDM._CRVUTH.F e REAL*4 Coe (Firm service) util curve func,
NGTDM_GRVUTILI% REAL*4 , - - dmd curve functioi; being tested . "
2 PRX - . : -Rl‘iAL‘ﬁ"- ' .Cginv._uqvéMAerP;QRrrYprfec .
‘ PR_FLAG - ;..’IN'I‘EGEIRQ, . .21 Conv. cnrvc MAXIPAR price flag o 1'
|| subroutine NGTDM_UTILS] - ' : . "
| =ee- REAL®4 Intrareg, * Dist. eff . 1
: . EMMREG - | INTEGER®, . - 3| EMMregion D “

i e 1 . INTEGER*4' -:'-(no'tuse_d) s "
" IRET INTEGER*4 " . " .| OML retum code 1
) ‘ " KK INTEGER*4 ~NG'I;DM/EMM subr;:gion countef ‘
_LAGPR REAL*4 Lagged electric generators price
NGREG, NSREG INTEGER*4 "Reg/Subreg counters
‘ . PERCDISC,AFP : REAL*4 Dist tariff. variables ,”
S h POJLOLD. : REAL*4 |- Oil price used by EMM
" PR_MIN . ) :.REAL‘4. Min gas price from G/O ratio + . ' .

"84, . ElAModel Documentation: Natural Gas Transmission and Distribution Model Volume:1



 Local Variables Defined Within The NGAFM

‘Variable Name 1 Format Definition
UINTD,FLOOR 'REAL*#-  Dist tariff variables
UTIL_PR_ID I -REAL*4 Price of distillate to util (holding)
UTILPRIR | REAL*s . " Price of competitive to util (holding)

" Subroutine OUTOGSM(OGSM_-LP)
CN _TOTFLO - - "REAL*4 Foctot flow from Canada to US.

CN_TOTPRD REAL*4 For tot Canadian production

CN _TOTREV REAL*4 ‘] For tot Can. producer revenue

| LIX N INTEGER*4 Counters

" INBRD INTEGER*4 Can. border xing for flow in (16,4) "
Lr2- REAL*4 Lease &.plant for offshore
NGCAN_DEMAND REAL*4 Canadian dmd function,
OGSM_LP (NSUPSUB) ' REAL* -. | Lease & plant consumption
PERLP REAL*4 . ‘ Total percent lease &.plam

1| supreG INTEGER*  ° Supply reg counter
SUP_PQT_OFF (NOCSREG) | REAL* . P*Q-total for offshore prod -
SUP_PQT_ON:(NSUPREG) - | REAL*4 “P*Q total for cashore prod
SUP_QTY_TOFF (NOCSREG) | REAL*4 /| ‘Toul AD+NASLP from ofishoee prod ™.~
SUP_QTY_TON (NSUPSUB) | REAL*4 | Total AD+NASLP from onshore prod. -
SUP_QT_OFF (NOCSREG) * | REAL*4 | Quy toal fox offshore prod

[ sur_or_on (NSUPREG) REAL*4 ) QTY total for onshore prod ~ .
TOFF ~REAL*4 " Offshore L48: AD+NA+LP
TOTPQ REAL*4 Total P*Q
XSUPPLY I REAL*4 NA + AD, lower 48
Subroutine PIPE_REPORT '

1l FILE MGR INTEGER* Function which passes unit cumber -
FNAME CHARACTER*18  Filename ID
LIJLKK INTEGER*4 Counters

'
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’Local Variables Defined Within The NGAFM

Il . "
.

'Vaﬂaple Name Format Definition
N f
II UNITNUM [ INTEGER*4 Unit num p_assed from the file manager
. “ Sub_m'ﬁne PROPEROUT(LP)
_ CENREG ‘ - INTEGER*4 Census division 1-9
o foest T ] vrmceres Destination node ID
- Ly B . - | INTEGER*s Counters \ |
LP(NSUPSUB) . - | REAL% "

- | NerEG . - .| INTEGER#4 NGTDM ﬁegign 112

o PECQD . ' . | REAL»4 . | Pipetine fuel csmump:;oh ' ' ‘

f * |l e | REAL»4 : Pipeline fuel vaiablé (temporary) "
SRC ° INTEGER% - Source node ID |
Subroutine READ_DTM(DISTO; TILTI, TILT2YR, TILT2, UTILT1, UTILT2, W_DIST, W_RESID, W.COAL, W_LPG, ||
IPD1, IPD2YR, IPD2, IFLOOR, URPD1, URPD2YR, URPD2, URFLOOR; TST1, TST2YR, TFD1, TFD2YR, TFD2,
UBENPER, UBENYRD, NONU_DTARF_DECL) L
CATGKEY ‘ INTEGER*4 Input variables used to initiate selected sensitivity runs
'DISTO3,NNGREG)  REAL*4 Base DTAR from hist input (§87/mcf)

FILE_MGR ' INTEGER*4 | Function to provide.file unit number N
FNAME CHARACTERE DD name (a JCL on mainframe) of inputioutput file ©
IFLOOR(NNGREG) | REAL*4 | Lower bound on DTAR markup ($87/mcf) e
LI ‘INTEGER*4 (ot used) ' - (
lPDliﬁNGREG) - REAL*4 | "User specified % discount'(not used)
IPD2(NNGREG) ‘REALY Alt user specified % discount (pot used)
IPD2YR(NNGREG INTEGER™ Year switch for % discount (ot used)
MMSEC - INTEGER"4 Counters, ind‘ic&_s‘
* |l NoNu_pTAREDECL - . REAL*4 . Annual decline rate for firm nonutil dist tariff
' I RTOVALUE INTEGER A F.unct.ifn; t0 obtain value of in.ptft runtime parameter for sens
| analysis

TFD1 REAL*4 'Fc.dcr,a] gasoline users tax Gsilmcﬁ .
TFD2 . REAL*4 Alt agj to fed gascline users tax (§87/mcf)
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Local Variables Defined Within The NGAFM

tii
l

Variable Name .| Format Definition
TFD2YR INTEGER*4 Year to switch federal tax level

" TILT1(3,NNGREG) REAL*4 User adj to DTAR for res, comm, ind sectors ($87/mcf)
‘I"ILTZ(:;,NNGREG) C REAL*4 AlL. user adj to DTAR for res, comm, ind sectors ($87/mef)

I TILT2YR(3NNGREG INTEGER*4 Year to switch user adj level to DTAR fer res, comm, indus |
TSTINNGREG) . -. | REAL% State gasoline tax ($87/mcf) ,
TST2NNGREG) .| REAL*4 Alternate state gasoline tax ($87/mcf)

TST2YR(NNGREG | INTEGER+4 Year to switch state tax Tevel
UBENPER - | REAL*4 Percent of original benchmark factor (UBENORG) not
/ , | o | _ )

" UBENYRD B INTEGER*4 Num years to phase ot UBENORG |

" UNITNUM | INTEGER*4 . Unit number for input file

" URFLOORMNEMMSUB) - | REAL4 Lower bound on DTAR markup ($87/mct)

I URPDI(NEM,MSUB)ﬂ " - |'REAL*4 User specified % discount (not used)

URPD2(NEMMSUB) | rREAL*4 | A1t % discount (uot used)

| vrep2yRQvEMMSUB -~ | INTEGER™ Year switch for setting % discount
UTILTI(NEMMSUB) | REAL*s User adjustment to DTAR for F elec gen sector-($87/mcf) ik
UTILT2(NEMMSUB) . REAL*4 Alt. user adj to DTAR for F elec gen’ sector (587ln;ci) ) ‘
U'I’ILTZY(NEMMSI_JB)’ ’ ‘| INTEGER*4 - | Year to switch adj to DTAR for F elec gen sector '

{| W_COALNNGREG): =~ .| REAL* Ratio for coal (not used)

W_DIST(NNGREG) . - | REAL*4 - Ratio (weight) for distllate (ot used) -
W_LPG(NNGREG) REAL*4 Ratio fec liquid petroleum gas (not used) *
W_RESID(NNGREG) . REAL*4 - Rétio for residual (oot used)

. Subrouq"ne REPORTOUT .

» 1J ’ ) : | INTEGER*4 Counters
IIMP - . | ITEGER%s Import ID
NODE SR INTEGER*4 - Import node number
SUP_TOTAL ] .REAL*4 1 Placeholder for totals - -

ElA/Model Dooumentat,loh:v Natural Gas Transmission and Distribution Model Vol!.xme 1
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Local Varijables Defined Within The NGAFM

Varlab!‘e Name

Format

Definition
{ Subyoutine REPORT_GENERATOR
LIX ‘ INTEGER*4 Index variable
TEMP_I"(NEMMSUB) -REAL*4 'Tcmporary variable core (firm service) elecu-;’c generators |
TEMP_I(NEMMSUB) - REAL*4 Temporéry variable noncore (int. setv.icc) electric generators

 Subroutine REPORT_LOOP(NONU_DTAR)

LIX ‘ INTEGER¥4 - Index variables ) |
. NONU_DTAR(NONUSEC,NGT | REAL*4 Non- electric generators distributor tar. I " a
Subroutine SETSUPMX :

L. "' | INTEGER®4 Indices

K | INTEGER*s NGTDM/OGSM subeegion ID (1-17)* . |
"NGAFM_ANGTS ~ REAL*4 - ’ Function to set max ANGTS supply to L48 - i
NGIMP_CANX e " REAL*4 Function to set max Can NG imports . . " g

|l nopING + |.REAL%4 . Function to sét max LNG NG imports "

NGIMPMEX. = | REALM Function to set max Mex NG iimports . |
NGPRD_I4SX . | REAI»4 - Function to set max Onshore NG production |
NGPRD_OCSX REAL*4 ’Function to set max Oﬁ'shore NG produiction A )
NGSUP_OTHR REAL*4 Function to set max NG prod form other supplemental
N.GSYN_-LIQX' 'REAL"% Function to set max SNG lig'prod ‘ -

STYP INTEGER*4 " Supply type identifier '

SUPID ] INTEGER*4 ‘Supply counter .

WPRLAGOFI(NOCSREG) REAL*' Offshore wellhead price 1 years lagged (875/mef)
WPRLAGOF2(NOCSREG) KEAL* Offshore wellhead price 2 ear lagged (§75/mef)
WPRLAGONI(NSUPSUB) }IiEALM Onshore wellhead price 1 years lagged (87$Im;:i)
WPRLAGONZ(NSUP&UB) REAL*4 Onshore well _price 2 year lagged (878/mcf)

Subroutine 1:6'1:AL_L48_PROD X

1 . | INTEGER#4 "Counter *
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Local Variables Defined Within The NGAFM

Variable Nx;me ' Format 'Definition
EYR INTEGER*4 "End year of model run (j.e., 2000 or 2010)
|| subroutine WRITE_SupCRV -
" e INTEGER*4 Supply type (1-8)
. " NGOG - INTEGER*4 NGTDM/OGSM subeegion ID (onshore and offshore)
" " REG,SREG | INTEGER*4 . Supply region index. |
‘ " STEP?NSSTEP) REAL*4 Pr or Qty on supply curve'steps - ~ l
" UNIT2 * INTEGER*4 Unit mumber for output file NGDBUG2 l )
" VAL" ‘ CHARACTER*1 Defines if value represents P or Q on supply curve ) l
Subroutine WRITE_SUPCRV? . 1
ImYP . INTEGER®4 Swplytpe 8) - .
KR INTEGER*4 Supply region ID '
MAX_PR REAL*4 Max price on supply curve (878/mcf)
" MlNSUPJR ' REAL*4 Min price on supply curve (878/mcf) )
' NGPRD_148 - REAL*4 | Supply function for lower 48 onshore supply curve
"+ "l -neprD_OCS REAL*4 *- Sipply fuiction for offshore supply curve
NGREG,NSREG INTEGER*4 * -Counters, indices
PO,PA,PB,Q0,QA.QB INTEGER*4 Prices axd quantities ou supply curve (875/mef and BCF)
PER REAL*4 Percent production not lease and plant’
FIXUP REAL*4 Fixed supply (BCP)
QMIN REAL*4 Midirmum supply (BCF) ~ - .
| mTEGER*4 Unit nuimber for output file NGDBUG2

-
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" Local Variables Defined Within the NGCEM

Variable Name Format Defintion
Real Function CEMIM?_CAN(SUPDPOREYR)
FOREYR . INTEGER*4 Model year array position
3 || s - - ' INTEGER*4, Can supply source (1-6)
o Real Function CEMIMP_LNGQLNG,TSTYR) -
{xe /| INTEGER*4 LNG terminal idenifier .
"+ frstyn - | INTEGERw | Test year for'LNG imports
+ .+ || Real Function CEMPRD_LASXQREG) . ,
IREG INTEGER*4 ' NGTDM/OGSM sutxegions (1-17)
|| Reat Fusetion cEMPRD .LasaNV AL VALUE REG) -
' BASE. . - . | REALs Intermediate value RES*(P/R)
‘ imvar o - | cuaracTER | Coar. indiciting i imput is P o Q°
IREG - . | INTEGER*4 NGTDM/OGSM region-(1-17)
PER \ RiiAL‘4, . :Pexjcent prod not lease & plant
VALUE . u REAL*4 - Input price or quantity
Real Function CEMPRD_OCSX(REG) * ~ ”
IREG A INTEGER™. Offshore region (1-3) "
Real Function CEMPRD_OCS(INVALVALUEREG) ‘ '
|l Base - ' | REAL*a. Intermediate value RES*(P/R) _ "

| INVAL CHARACTER*1  “| Character indicating if the inputis 'P" oc 'Q" -

l IREG -, . .INTEGER*4 Offshore region (1-3) I

| PER - REAf."‘4 ?erceﬁt production m.)t Tease and plant

p ilEA_L"4 Input .pn'ec or (';uamity

Real Function NGCEM_ANGTS(TSTYR) .

TSTYR™

INTEGER*4

* Test year for ANGTS

Real Function NGCEM_PRODO!\T)’I",iNREG.INPRC)

' CEMG

INTEGER*4 - °

»I'iuinba"of foresight yis in avg PCAP calculation

J-90 .- EIA/Mods] Documentation: Natural Gas Transmission arid Distribution Model Volume 1.
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Local Variables Defined Within the NGCEM

Varjfable Name " | Format . Defintion
DELGPR (NPREG, | REAL¥ ) Annual change in fore gas price
0:NPCAPYR)
- GPRINPREGO:NPCAPYR) | REAL4 . Fofecast gas price
INPRC . | rEAL»s Gas price in year T+N
INREG ‘ " INTEGER*4 ) Region number for on- or off-shore

"l Ty " | INTEGER*4  1-onshore, 2-offshore
8 S o | INTEGER+4 . Counter
LAGIYR . INTEGER* - Year the last time func called

‘ NPCAPYR o, \ -| INTEGER*4 Num yrs prod cap calc after current
ONREG " | INTEGER%4 '| NGTDM/OGSM subreg on-shore 1-17
.OPR(NPRFE.NPCAPYR) REAL‘4 . Do Foresight oil wellhead price

l‘ PRDCAP (NPREG, REAL*4 . | Productive capacity by OGSM region
'O:NPCAPYR) - Co-
" l?RDCAPI.Gl(N!"REG), : | REALs Prod cap in CURIYR-1 by OGSM region
" PRDCAPTOT S REAL*4 " .| Toual productive capacity
B ' SREG . . INTEGER*4 - OGSM reg (1-6 57-9 off-shore) -
. STOT. .. e REAL*4 | Cur yr onshore prod in OGSM reg
' SUBSHR =~ - | mEaus | Prodin INREG / STOT™
"TT(NPREG) . |ReaLra - | TT=3 when EGR tax creditis on
Real Function NGCEM_SUPCRV(STYP,NODE_ID.NSREG.INVALVALUEX)
INVAL. - : * * | CHARACTER*]. Vaxiable‘ type for value (Q/P)
AR S .| NtEGER% . | coumer.

. |l 'NGPRD_L48 REAL*4 _ . - | Lower 48 onshore supply func
NGPRD_OCS « | rearm .| Offshore supply func
NGSYN_LIQH ’ REAL*4 Supply function: gas from lig
NODE_JD INTEGER*4" | NGTDM node identifier
NSREG - . | NTEGER®s | Supply amay position
STYP . INTEGER*4 | supply type identifier

v
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Local Variables Defined Within the NGCEM

-

Variable Name

kY

Format Defintion
SUPLID ' . INTEGER*4 - 'OGSM region or supply number
VALU4 REAL®4 Hold R*8 value in R*4 variable
VALUE - ° ' .| REAL#8 P or Q for setting'Q or P
Subroufine ALPHA LOOP |, |
|| BKSTOP_FLAG' | LocicaL Flag forbackstop IR
" ERRMSG - CHARACTER*180 _ |. Exror message . _
" FILE MGR - - '-‘ oF ) INTEGER*4 . Function to provide file unit number " .
" FNAME CHARACTER*1S | DD name Gn JCL on mainframe) of inputoutput fle "
IRET- - ' , INTEGER*4 - OML return code - "
_NUM_INFWRT INTEGER®4 ‘Number of infeasibiity solt’s written to output file "
UNITNUM - | INTEGER* - | Uit mumber for output file - ' : "
‘ Subroutine CEMBACK . - ‘ " '
| peer. e wrmosws [ comen - |
RET = INTEGER*4 'OML return code
NGREG,NSREGNSEC.CENRE | INTEGER*4 | Counters
.G . - . - e
Subroutine CEMBKSTOP_CHK(STOP_FLAG) _ ‘
EMMREG,CENREG - | INTEGER%4 . .* | RegionID's - ‘
IRET ‘ | INTEGER#4 . OML retirn-code ‘
NGREG,NSREG INTEGER*4 “ | RegionID's
| nsEC . INTEGER*4 Sector ID" .- o ' K
STOP_FLAG LOGICAL | Backsiopflsg © ,
Sx}brouﬁne CEMCANIMP ‘ .
AKFLOW - REAL%4 Alaska supply along aci8to9
ISEST INTEGER*4 ’Destination node ID
FOREYR' INTEGER®4.. , CEM forecast year .
| IEXP b 'INTE'GER%‘ , Export node counter -
. ' t . . - .
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Local Variables Defined Within the NGCEM -
Variable Name Format Defintion _
"IRET INTEGER*4 OML return code
I XI‘IS | lNTI;GER“.i Step number on capa;:iw curve . » .
" NXTYR INTEGER*4. Mapped YR= current YR +1
" OFAK REAL*4 " OffPK firm Alaska imports
" OFFLOW REAL* OFPK firm flow-imports
|l orrLow REAL®4- OFPK inep flow-iraport
"PFAK "REAL*4 PK firm Alaska imports- 5
PFFLOW REAL*4 PK firm flow—import ares © .
PIFLOW REAL*4 PK intrp flow—-imports ”
" sRC - | INTEGER*4 Source node ID S
" TOTAK - REAL*4 Total Alaska imports
" TOTCAN REAL*4 Total Casadian imports® . . : "
" uo REAL*4 Coeff in CON**N#+ . . "
EX REAL*4 Cooftin CPOINVeN"s o -
' " UPF | REAL* Cocff in CPEN**N*»
‘ ” YRB4_ INTEGER*4 - TYRSWT for yr before CEM year *
Subroutine CEMCANSUP o ] . :
‘|| meT’ INTEGER*4 OML return code )
ITYP.NGREG,NSREGNSNSU | INTEGER*4 - Counters
PIDDEST )
UPO | REAL*4 Off-peak supply-utilization
UPP - =~ ‘REAL*4 - Peak supply uiilization
YRB4 . - INTEGER*4. Array position of year before CEM year
'l subroutine cEMDMD : .
ARCSRC ‘ INTEGEl'lM‘ Source node al‘ongl border crossing arc
CENREGEMMREG - . 1 INTEGER*4 Counters’
EXPT. REAL*8’ Total export into Can at border crossing
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Local Variables Defiried Within the NGCEM

Variable Name

Format Dgﬁpﬁon
|| Forevr INTEGER*4, Forecast year - '
" 1ARG : INTEGER*4 INTEGER™4
" RET . - mm‘4 _> OML return code
.l LRs.DEsTSRC INTEGER*4 - Counters
NG‘E"KP_CAN,NGEKPJ@( - | rEAL*4" Capada and Mexiw{_expon function )
'NGREG,NSREG - INTEGER*4 Counters |
OFFLOW “ | REAL*S" OFFPK-F ﬂt;w along border crossing arc : I
: " OIFLOW REAL¥8 - OFFPK-I flow along border crossing arc I
PFFLOW - REAL*S . 'PK-F flow along bordet erossing arc.
- |l pELOW REAL*8 PK-I flow along border crossing arc
" vo- oo "REAL*8" ' | Coef for OFR-PK capacity constraint
vP | REAL®S - Coeff for PK capacity constraint -
UPF. . REAL* " | Costt for BR-F capacity constraint
" " Subroutine CEMFLOWNN '
" ammyr ‘ INTEGER*4 IYRSWT for curreat AFM yéar -
DEST * .. INTEGER*4 " . Destinationode ID .~
FCAP - REAL*] - Effective PCAP based on firm flow . . "
FOREYR INTEGER*4 | CEMfocccastyear  ~ . "
IRET INTEGER* . :| oML return code : “ ‘_
" 13K INTEGER*4 Coimers |
MINXOF 'REAL*8 v Min flow offpeak, firm
MINXPF " | rears Min flow peak, fifm
NEW REAL*4 PCAP added between AFMYR & CEMYR
OF . ‘REAL*4 ‘Effective off-peak firm flow
PCAP - - R}EA_L‘-’} ; Min effective PCaP
A pE | rEaLes ‘Effective peak firm flow
SRC - INTEGER*4 Soutee node ID

2

t
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Local Variables Defined Within the NGCEM

Variable Name Format Defintion
YRB4 s INTEGER*4 - TYRSWT for year befowCEM year
| Subroutine CEMINP "
I 10 INTEGER*4 IO unit number '
| IV INTEGER*4 Yer T+N+H I
™y 'INTEGER*4 - | YewrT4N I
l b, - INTEGER*4- Counters R I
" Subroutine CEMLPCAP ' I
"lRE'l' INTEGER*4 OML return code o "
" LNS,NGREG,NSREG INTEGER*4 Counters "
" SRC,DEST INTEGER*4 Source and destination nodés "
Il vo o REAL*4 Coeff in CON**N** cap constraint - Iﬁ
| " ‘UP REAL*4 "Coeff in CPI**N** cap constraint
I UPF ‘REALM Coeff in CPF**N*+-cap constraint
|| subroutine CEMLPNE - ’
EFF f REAL*4 Tntrareg, eff % Dist. eff
RET - . | INTEGER*4 OML retum codé : '
NSEC,EMMREG, ~| INTEGER* - Counters
NGREG,NSREG,CENREG, INTEGER*4 | Coumters™” = _ )
Subroutine CEMLPNN
IRET INTEGER* OML return code
LK - INTEGER*4 Counters °
SRC,DEST INTEGER*4 Source and destination nodes R
Subroutine CEMLPSNB -
'IRET INTEGER*4 OML return code
NGREG,NSREGITYP INTEGER*4 Counters
NSUPID INTEGER*4 | swpym - o
Subroutine CEMLPSNY
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Local Variables Defined Within the NGCEM '

Variable Name . Format Defintion
RET . INTEGER*4 OML retm code
NGREG,NSREG,ITYP INTEGER*4 Counters
‘ "NSUPID " INTEGER*4 ~ Supply ID |
‘ OPPRCFAC. .~ REAL*4 Hist OP avg well prclannual avg well pre |
'Pm_mcmc' REAL¥ Hist PK avg well pre/annual avg well pre "
; *'f" Subsoutine CEMLPST '
: IRET . INTEGER*4 OML return code "
fu- -, INTEGER*4 - “Counters ‘
Subroutine CEMLPST_UTIL ' ’ ~
“IRET , INTEGER*4 - OML return code "
LINS INTEGER*4 Counters . S \
Subroutine CEMLPSUP \
RET - INTEGER*4. - | OMLremn code "
- ITYP.NGREG,NSREG. | nrecers . | Cowmes .- "
~=l|—NG1jDM_'surcnv REAL®4 "~ . Supply curve function "
|| NsNsuPD", INTEGER*4 Counters o "
UPO . REAL*4 Off-peak supply um;uéon' . ||
UPP REAL*4 - Peak supply utilization:-
: l Subroutine CEMOUT. ' ‘ |
10 INTEGER*s | 10%ait ‘
| Iy -| INTEGER*4 Year. . :
) l 1] INTEGER*4 " Counters * . .
l Subroutine CEMPCAPO
CATGKEY INTEGER*4 . ln.put variables used to initiate selected sensitivity runs -
b_i;sr.SRc (mTEGERMA' Destination,source nodes )
FOREYR INTEGER*4 CEM model year -
"IEXP L -INTEGER*4 Export node counter

U - ) . ElAModel Docunieniaglorﬁ Naﬁiral Gas Transmission and Distribution Mode! Volume |



Local Variables Defined Within the NGCEM

\ -
| ‘"

Yariable Name /. Format Defintion )
INS,IRET- INTEGER*4 Cqun!ers
NSREG,NGREG  INTEGER*4 Counters
NXTYR _| werecER=4 | Mapped YR cURIYR41
PCAPCURV REAL*4 Price on CEM cap. curve
QCAPCURV . ) REAL*4 ’ duantity. on CEM cap. cm'vc "
QDEI: REAL*4 - Length of .step on curve "
RTOVALUE - . INTEGER Function to obtain value of input I_'tmtime parameter for sens
YRB4 ' INTEGER*4 ~ Year befcxe forecast year "
Subroutine CEMPIPE_REPORT -
FH.E_MGli I | INTEGER*4 Function to open/close file "
FNAME CHARACTER*18 Filehame "
FSUP(NSUPTYP,NGTDM,ISU . | REAL*4 Regional firm supply results ‘ ”
P) : ’ :
IRET INTEGER*4 OML retumm code "
ISUP(NSUP’I‘YP,'NGTDMJSUP '-REAL','4 ‘_. Regional interrupible supply results
~) P . . . .
ITYP,NSUPID INTEGER*4 Regionfloop ID's -
| 1 k mﬁk‘4 Counter - "
I NGREG,NSREG _ INTEGER*4 Region/loop ID's "
UNITNUM =~ = INTEGER*4 _ Fils channel - "
Subroutine CEMREPORT - R
' 1] —-}-INTEGER*4 Counters
Subroutine CEMREPORTOUT
{I . MGER‘4 . Counter
NGREG | INTEGER*4~ .| Counter
Subroutine CEMSCAP( )
FOREYR. INTEGER*4 CEM forecast year (e.g., 3 oc 4 or..)

v
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\

" Local Variables Defined Within the NGCEM

P
N -

Varjable Name format Defintion
" RET - INTEGER*4 OML return code
NSNGREGI - . INTEGER* Counters
MCURV(CEMNS) E 'REAL*4 PR on CEM storage cap curve .
I QDEL"™ REAI."‘4‘ Length of step on capacity curye *
: " QS:IRCURV(CEMNS) REAL*4 QTY on CEM sgqage cap curve
" vRBS INTEGER*4 Array position for prior CEM yr (up to parameter CEMN)
Subrsutine CEMSUPCIATYP) h ' .
DELSUP_PR . REAL*4 ° l ‘ Price delta Wnn Ist step and PO ‘step'-og' éupp]y curve
B : : ‘ (87$/mcf) ' '
| IREG. INTEGER*4 NGTDM/OGSM region ID
IRET- -~ INTEGER*4 OML return code * - T "
| Trvp INTEGER®4 . Supply type "
X ‘ | INTEGER*4 Counter "
MINSPR_FLG . LOGICAL Flag indicating mm PR reached and DELSUP_PR set |
MINSUP REALY - Minimum supply © R ||
m;qp_pkm_sm,mm REAL*4" - . | Min PR-on supply curve (87/mef) s "
1| MxFLAG . INTEGER*4' Maximum supply flag "
NGC..'!‘EM_SUPCRV REAL*3 . Function - supply'curve - .
Nci’xip_us - REAL*4 ' Supply func for onshive production | "
; " "NGPRD_OCS REAL#4 Supply fuic For offshore production I
I noreG' - - INTEGER*4 Neem L
Ns-. \ \INTEGI.ZRM.' Supply curve step number' ,
NSREG- *INTEGER*4 ° Supply array position
NSUPID INTEGER*4 Supply source ID Y
PER | REAL*4 Percent production not leaSe and plant
QMIN - " | realss | Holds min supply aty (BCP)
SHR . .f(I;:AL‘4 ) . Supply sha;-c along network .
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- Local Variables Defined Within the NGCEM

Variable Name Format Defintion

.SPRICE(NSSTEP) REAL*S Supply price on curve

SQDEL(NSSTEP) REAL*8 " Delta on curve
SQUANT(NSSTEP) REAL»*8 Supply quantity on curve

" SRCDEST INTEGER*4 Source and destinstion nodes
Subtoutine GETCAPS4
NS ‘ INTEGER*4 St;:p on capacity expansion curve
PRICE(CEMNS),QTY(CEMNS) | REAL*4 Price and quantity pairs used to define the cap expansion
: . N ‘ curve (938/mef, BCF) _ -

5 " Subroutine GETDEMANDS ‘ ‘ : "
DEMANDF REAL*4 | Converted forecasted demand )
.(NONUSEC,NNGREG) :

" DEMANDE_UNEMMSUB) ~ | REAL*4. Converted forecasted demand "
" .DEMANDI REAL*4 Converted forecasted demand" "
(NONUSEC,NNGREG) -
EFF - - REAL* Intrareg. EFF * DIST. EFF ||
FOREYRH" " INTEGER*4 Focecast year (T+ N + H) |
FOREYRN INTEGER*4 - Forecast year (T+ N) ' I
LIKNSREG INTEGER*4 Counters ©
OIDMDTOT(NNGREG) - REAL*4 OFF-PK noncore (interruptible service) total demands
PIDMDTOT(NNGRE_G) . _REAL‘4' PK noncore (interruptible service) t(ﬁal demands.
{| subroutine GETSOLUTIONI : '
IRET INTEGER"4 - OML retum code ~
1NS,NGREG INTEGER*4 Regionfloop ID's |
NEWCAP REAL‘8‘ New capacity
SRC,DEST INTEGER*4 Regionfloop ID's
Subroutine-GETSOLUTION2 _ L . .
LIRETNGREG - INTEGER*4 Regionfloop ID's '
SRC,DEST INTEGER*4 "Region/loop ID's
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Local Variables Defined Within the NGCEM

Varisble Name ° . Format Defintion
o » I OFSTR,0ISTR REAL*4 Storage flows ’
. | PPSTRPISTR REAL*4 - Storage flows
. Subroutine HORZ _ - .
INTEGER*4 * Counter .
. Subroutine MATR_COEFF -
- " 1 ‘ INTEGER* | Counter \
Subroutine NGCEM_ADJCAP(SRC,DEST,PCAPCURV.QCAPCURV) _ "
1 INTEGER*s. ' Couner . "
‘NXTYR INTEGER*4 ' Mapped YR= CURRENT YR +1 "
[| rcarcurv . "REAL#4~ Price on CEM cap. curve "
QCAP ‘ REAL*4 i Quantity dn’uisa‘city curve. "
QCAPCURV(CEMNS) RE{&L"“4 ‘ Quantity on CEM cap. curve
SRC,DEST,NS INTEGER*4 Counters
STEPFLAG INTEGER*4 Flag for PCAPMAX < QCAP. ‘ "
SUMPQ. "REAL%4 Stin of PRICE * QUANTITY "
sUMQ REAL*4 Sitm of quantity "

Subroutine NGCEM_ADISTR(NODEID,PSTRCURV,QSTRCURY) - g

S I INTEGER*4 Counter
" | NobEmxs . INTEGER*4 - Cousters
NXTYR INTEGER*4 Msppec YR= CURRENT YR +1
‘ PSTRCURV(CEMNS) REAL*4 Price on CEM cap. curve 8
QSTR i REAL*4 Quantity on storage capacity curve
QSTRCURV(CEMNS) REAL*4 Quantity on CEM cap. curve
STEPFLAG INTEGER*4 Flag for PSTRMAX < QSTR
_SUMPQ REAL*4 Suin of PRICE * QUANTITY ..
- | SUMQ REAL™ - Sum of quantity . - -

I Subroutine NGCEM_AFMUTILZ(SRC,DEST) °
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Local Variables Defined Within the NGCEM

Defintion

Variable Name Format
FOREYR INTEGER*4 CEM focecast year-
| F_FLOW,T_FLOW REC REAL*4 . Temp flows
: I SRC,DEST ’ .INTEGER*4 Region/loop ID's 7
S " 'OFAK - REAL*4 ' Off-peak firm ANGTS supply
S " PFAK REAL*4 Peak firm ANGTS supply .
- T " P.FIbW.O_FL:OW REAL*4 Temp flows
" Subroutine NGCEM_PCAPMEX '
" FOREYR | INTEGER%4 CEM forecast year (.., 34,
', ‘|| DESTSRC - ~° " | INTEGER*4 Destination and source node ID
| R INTEGER*4 Counter
.Y .. | INTEGER*4 Import node ID for Mex (7-9)
: ]| -Subroutine NGCEM_SUPMX _ ‘
.|l BasE - REAL*4 Intermediate value RES*(P/R) - i
|| cevovp_can 'REAL®4 Function setting Canadian demand - ” "
‘ CEMIMP_LNG - REAL*4 Function setting LNG import volumes "
CEMPRD_L48X RBAL‘4' | Function setting maxinium. onshore supply Iew}els "
CEMPRD_OCSX REAL*4 ‘Funcﬁon setting maximum offshore suppli’ Tevels ”
1t FOREYR INTEGER*4 CEM forecast year I
ILOC INTEGER*4 Amaylocaion - . |
[l 11 .| INTEGER*4 . Indices .
NGCEM_ANGTS " REAL*4 Function
NGIMP_MEX REAL*4 Function
NGSUP_OTHR . REAL%4 - Function .
NGSYN_LIQX REAL*4 Function setting maximum levels of synthetic éas from liq
STYP INTEGER*4 Supply type ID -
SUPID INTE'GERiM' Supply sm\xrcell.) . S

" Subroutine NGTDM_CEM2
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Local Variables Defined Within the NGCEM
Varls;ble Name Fc;i'nl-at Defintion \
) AC!'FILFJ'ACIFCEM ' CHARACTER*8 * OML DB containing LP problem ) o B
. A.CI'PROBI'ACFPROB'I CHARAC'I'ER"'S OML LP‘prol‘)]em nim_e ‘ l
. l' ALPHA -REAL*8 Fraction of lower 48 interrup. delmax;d allowed to be met g
- ) * (currently=1) :
|l ALPHA BEGALPHA END . | INTEGER*4 (ot used) . ) ' "
CJ;:I’G,KEY INTEGER*4 - Input variables usedhto initiate selected sensitivity runs
" CEMBYT “INTEGER*4 Size of CEM LP.wxkspace - : " '
' “ DECK/CEMDECK */ CHARACTER*S: | OMLLP deck mame ' "
ERRMSG, (CHARACTER*180. | Esror message _
- R FILEMGR INTEGER*4 File mansger fusction . “
: I FNAME- . CHARACTER®1S | Filename for NGDBUG2 LP outpmt
IRET INTEGER*¢ . OMLrenﬁ code
|| MoDEL ’ INTEGER*4 - * . .| Size of the CEM LP workspacs in bytes
RTCOD- - INTEGER*4 B Return code from OML subroutite GOMHOT "
RTOVALiIE" INTEGER v ' Function to obmn value of input nnmme parameter for sens
: ‘ - ) analysis t - '
TEMPACT |l QIARAGER‘S - | Temporary storage for ACTFILE name
|| uravom INTEGER*4 |} Uit mumber for NGDBUG2 output file ||
: || Subroutine NGTDM_DATASET2 ] "

[ ao Tocal variables) ' L " -
Subroutine POST-PROCESS - g "‘ b “ ‘
‘LSRCDEST o INTEGER*4 Regionfloop ID's - .-

| MAXUTILZ.T | REAL~ ‘ Max UTILZ_T based on PUTILOUTIL. "~
 Subroutine READ_CEM_DATA S
FILE_MGR ~ - INTEGER*4 - Function to open/close file

* || ENAME - - ", | CHARACTER*18 Filename ]
LK INTEGER*4 Counters S
UNITNUM INTEGER*4 * 4 Unit numbéf of open ﬁ!e .
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" Local Variables Defined Within the NGCEM

Variable Name Forfnat Defintion
|| subroutine RESETMATRIX
I IRET INTEGER*4 | OML retum code
“LNS,NGREG *  INTEGER*4 Region/loop ID's
SRC,DEST INTEGER*4 Region/loop ID's
VP REAL*S ., Peak utilization -
’ " USP; : REAL*8 | Storage utlization
Subroutine RESET_RHS °
RET . INTEGER®*4 OML return code
I NGREG,SRC,DEST INTEGER*4 Region/loop ID's .
" Subroutine SETNO_CHANGE . |
(o local varisbles) .
Subroutine UPDTRHS(ALPHA)
N oarena . .| reaLrs ALPHA |
IRET INTEGER*4 . | OMLretum code ° .
Phcebo]'der for OML )

[ ——
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Local Variables Defined Within the NGPTM

Variable Name Format

Definition

Integer Function FINDEX(MINPID, PIPEID)

.
L
—_——
-
3

FOUND : LdGICAL | Indicates a pipeline ID match within search ldop -
o INTEGER*4 Index number '
" MINPID, PIPEID | INTEGER*4 Passed variables
Integer Finction PREVIOUS_RATE_DESIGN(NEW_RD) ) ' |
FOUND - - LOGICAL Indicates a-pipeline ID match within search loop ' I,
1 | orecEres . . | Ratedesigningex , "
'NEW_RD INTEGER*4 New me design .~ "
READIN(MAX_DESIGN INTEGER*4 - |. All rate designs read in "
Integer Function RATE:DESIGN(PIPELN, YEAR) - : |
fleeEy - ¢ - . | vTEGER Pipeline ID index "
pmoué_nATé_DESIGN | INTEGER*4 " Previous rate design used
PREVRD ! INTEGER*4 | Previous rate design psed N "
R_D INTEGER*4 - "] Index of new rate ;iesign 1o be used .
YEAR ,;' 'IN"I'BGERM “Year 6f model run - -
Subroutine NGTDMJPTM . . * - - -
AF,AT,E'N,R, I INTEGER*4 ndex variables
|| caréxex N “INTEGER*4. Inpun variables used fo initiate selected seasitivity runs
DYRCT - | vrEERed o (potusen)
. RTOVALUE INTEGER ‘. Fmiction to obtain >value of input runtime parametcr' for sens
S o s R '
Subroutine mom_mmnb&mp) B
FILENO - | ~NTEGER* ‘Line item index
FILE_MGR INTEGER*4 Function to open/clost file
/FNAME | cHARACTER*18 | Filename '
1 N T INTEGEﬁM Line jtem index "
1ALLO INTEGEI}"{' "Unit numbser of file to-be read in
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Local Variables Defined Within' the NGPTM

Variable Name - Format Definition
RD INTEGER*4 Raterdesign index
Subroutine PTMI_CHECK_TARIFFS
AF,AT,E,N,P INTEGER*4 Index variables
Subeoutine FTM2_BASE_YEAR_INITIALIZATION '
A . ' IN:I'EGERM Pipeline arc index , ) ‘ L "
ADIT/_FD REAL‘4 Dummy variable of existing pipe line used by regression eq "
AF, AT, N, YR, I- | INTEGER*4 Index variable . :
"CAPEXP ‘ REAL*4 " C&pacnyexpansxonaze o
CCOS'I" . REAL"‘{ ‘ "Capital cost to expand 1 unit of pipeline TI
CSTFAC REAL*4 - Factor to accommodate regional &iff. in cost. - . - "
.CT ‘ INTEGER*4 Cost type, I=transportation, 2=storage . o "
DDA_FD REAL‘4 Dummy variable of existing pipe line used by regression eq "
, " mor.m,imz INTEGER*4 Year dollars represented by input data (1990, etc; 1,2.etc) "
' E’ " INTEGER*4 Expansion step on cost curve' "
EOD CHARACTER*1 End of data indicator - - l
.EOF INTEGER*4 End of file indicafor
EXPFAC - REAL*4 - Mult. factor t:or increasing capacity from base
FACTOR REAL* - Fa.cr.or 10 inc. or dec. cost due to region
" FD(100) - INTEGER*4 ° (not used) A
FILE_MGR IN'IT:ZGER;«! : Function to open./Jclosc file
FINDEX INTEGER*4 Function to find index of READIN pipe ID
FNAME CHARACTER*18 Filename - S e
G , ‘ INTEGER*4 Genexiq pipeline index
GEN_ID 19999/ o ) INTEGER Generic pipeline company beginning index ID
IFORM INTEGER*4 VO file unit for FORM2 data file
IPTAR . INTEGER*4 | Y0 fite uait for PTARIFF file
IRDES INTEGER*4 YO file unit for RATE DESIGN file
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Local Variables Defined Within the NGPTM

Varigble Name

|

Format - Definition
- INTEGER*4 - Number of yr in MACRS depreciation schedule
INTEGER*4 M.munum index numbc;i-to sta.n search from I
REAL*4 VDunimy variable bf existing pipe line used in Tegression eg
‘ INTEGER*4 Pipeline arc index .. "
INTEGER*4 Pipeline ID number ' "
’ "CHARACTER*32 Pipeline coplpéhy name-
INTEGER*4 Year of model mn .
PREVAF INTEGER®4 * Previous arc from index "
PREVAT . INTEGER*4- | Previous are to index
PREVID INTEGER*4. Previously read in ID _ "
PREVN INTEGER*4 Previous node index "
STEP .- INTEGER*4 | Step number on the eq;acity expansion curve ! -
" T INTEGER*4 " Pipeline type, 1=individual, 2=generic _ "
¥ TAG_FDV g REAL*4 - Dummy variable of existing pipe line used in regression eq
TEMP . 'CHARACTER*10 | (aotused) . -
. . “ TNS . M‘4 - Fraction of toté,l gas given 02 CD point l
" TOM_FD - 7 ' REAI:M . bummy vuiable'of existing pipe line used in regression eq
, “ TPFES, TCMES; TLTD REAL*4, Temporary read variables .~ ~
Subroutine PTM3_REPORT_BASE_YEAR . . : , )
AFATNPT,YR INTEGER*4 Index variable - :
EOF m'l'E_GER_‘.«% End of file indicator o f
Il FmvDEX INTEGER*4 Function to find index of READIN pipe ID
" M REAL*16 Million (in decimal)
. || MINPID INTEGER*4 fohimum index number to start search from
PIPEID " | INTEGER*4 Pipeline company ID
PIFENM - CHARACTER*32 Pipeline company name
" PREVID _ INTEGER*4 Previously read in ID
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Local Variables Defined Within the NGPTM

Varlab!.e Name i-‘ormat

Definition
TOTRAT REAL*4 Total shares for a pipeline
" Subtoutine PTM4_BASE_YEAR_PIPELINE
' “ AF, AT,1,P, N, E, RD INTEGER*4 Index variable ‘
" RATE_DESIGN INTEGER*4 RATE_DESIGN function :
Subroutine PTMS_CAPACITY_COST_CURVE
E AFATEINPRD INTEGER*4 Index variable . l
. || caruntT REAL*4 Capital cost based on histocical cost. . "
CAP_STEP REAL*4 ' Capacity difference. between step 1 and 2
CUNIT REAL*4 Capital cost based on first step on curve
RATE_DESIGN INTEGER*4 RATE_DESIGN function

Subroutine PTM6. FORECAST.- PIPELINE .

AK_FLOW,DEL_AKFLOW REAL*4 Alaska flow variables in node 18 : . "
'RATE_DESIGN INTEGER® RATE_DESIGN functio ' I
|| ro.ARATNES JINTEGER*4 Iridex variable
" |l src_axcan - LOGICAL

Flag indicating input node for ANGTS (node 18)

s~ . . s "

|I Subroutine PTM7_FORECAST_COST®, T, CT) .
- 1

ADIT_ADIT - | REAL*4 Est. coéf foc the accum. deffered inc. tax . " ‘
l ADIT_GPIS REAL*4 " Est. coif for the gross plant in service . ‘ |
I ADIT_NETPLT ‘REAL* Coef. for net plant in service in ADIT
CHANGE_WAGE REAL*4 % chg of wage index to % chg GDP
‘ - L. -
CHANGE_PEQUIP REAL*4 % chg of producer price index to % chg GDP
|| DDANETPLT, DDA_DEPSHR | REAL*4 DDA coeff. on NETPLT term; DEPSHR and PDEPSHR
- terms’ ) >
GDPINFL > | ReaLm - | GDP inflator
NEWCOST REAL*3 New facility cost in nominal doi]ars
OWC_BETA0 REAL*4 " Coef for gross plant in service
OWC_BETA! | | REAL*4 Coef for GDP deflator index

[y
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‘Local Variables Defined Within the NGPTM

Format

Ratio of wage index to ratio of GDP index

‘Subroutine PTM8_FORECAST_GENERIC - -

Variable Name < Definition.

OWC_BETAZ REAL*4 Coef for current rpodel ‘year trend

OWC_CONST REAL*4 Intercept term

OWC_RHO REAL*4 - RHO va]u; from autoregressive traps.

P, T, PT, CT,1,YR INTEGER*4 Index vasiables

PGPIS REAL*4 Previous year's GPIS

TAGiSALAR,Y _REAL#4: Salary in TAG eqn for:existing pipe line

TOMI1, TOMIZ . REAL*4 Total increment of O&M cost, used for sensitivity testing
'TQN;SALAI{Y,".I‘OM.PP | REALs4 " Salary, previous salery in TOM eqn {
TYEAR ° REAL*4 ‘Model year . - C e
'WAGE_RATIO | REAL*4 ‘

~ EIA/Mode! Documentation: Natural Gas Transmission and Distribution Mode! Volume |

l AF,ATCI'.LN,P.RD INTEGER*4 Index variable

i CUREXP ‘REAL*4 “Total expansion prior to this forecast year |
PREEXP' » ‘REAL*4 Total expansion prior to this forecast year

" RATE_DESIGN INTEGER*4 ' RATE_DESIGN function .

" Subroutine PTM9_EXPAND_GENERIC(EXPCAP, HISCAP, RD,P,CT) =~

" AFATCTPRD,YR INTEGER*4 Index variablé '

“ AVALL REAL*4 - Capacity available to be expanded "

. " CAPEXP | 'REAL#4. - Capacity expansion size.~~ _

“ EXPAND ) | REAL*4 . ‘ C'a;'mcity to bc expanded after complete exp. "
EXPCAP | rREAL*4 Capacxty to be expanded "
HISCAP "| REALY -° Historically existing capacity - . (
NCAE REAL*4 New cap. exp. expenditures allowed i? the
S - 'INTEGER*4 Stef; index for ;:apacity cost curve
Subroutine PTMA_CALCULATE_COST(, T, CT)
APRB o ) REAL*4 Adjuste& ﬁipeﬁne‘me-base . e

L ATP . REAL*4 2] Aftertaxprofits



. Local /Variables Defined- Within the NGPTM
Varfable Name Format . "Definition
CMEN REAL*4 Return on common equity
CMER | REAL*4 Common equity rate of return (fraction)
- INTEGER*4 Cost type, 1=transportation, 2=storage
FIT ' | rEaLx Federal income tax o
FSET o RE_AL‘4 | Federal and state income tax
1 . . .. |INTEGER%. Line item index
"LTDN REAL* Retutn on Tong-term debt
|| Lrow REALS4 Long-term debt ate (fraction) |
' NIS ) © " | REAL¥ Net capital cost of plant in service . " g
P . INTEGER*4 Pipeline index "
" PFEN | ReaLss Return on preferred stock- "
" PFER \ 'REAL*4 Preferred stock rate (fraction) l
SIT . REAL*4 “Staté income tax
T .  INTEGER*4 Pipeline type, l=individual, 2=gefieric -
TCOS | ‘REAL*4 Total cost-of-service |
TNOE REAL*4 Total normal operating expenses. -
TOTAX 'REAL®4 “Total federal and state income tax Liability ~ *
TOTCAP _ | rEALes | Todl capitalization . :
TRR ° ) REAL*4 Total revenue credits to cost-of-service ;
TRRB ‘REAL*4 Total return on rate-base (before taxes)
WAROR M‘4 Weighled-z:s;lc;age before-tax return on upil'a]
Subroutine PTMB_REPORT_LINE_ITEMS(P, RD)
AF, AT, LL N INTEGER*4 ‘Index variable .
LINE_HEADER(11) CHARACTER*30- | Report heading _
LINE_SUB(18) CHARACTER*37 - | Repon subheading
M c REAL*4 "Million (decitnal value)
P .| INTEGER™ Pipeline ID index
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Local Varﬁb!w Deﬁngd Within thé NGPTM

Variable Name | Format - | Definition
RD ’ ’ INT'EGER*4 Rate aesign index
TRFR, TRVR, TRFU, TRVU, | REAL*4 | Accumulate total. ’
“Subroutine PTMC_REPORT_ARC_COST
| aaTN INTEGER*4" | ot vasitte o
TFCR, TVCR, TRCU, TVCU, | REAL* Accumlate total. - . = K
il i il |
Subroutine WMA?:ARCMCOST@) ,
o " ARATNRT | INTEGERes Index varishle* . - \
- Jas ) o - .REAL®4 . - . Costs assigned to noncore (interruptible service) umomer .
; B Co .INTEGER*4 Expansion step index - - R . "
F . o ) ~REA.L'°4' o *"| Fixed storage cost / working gas capacity . . . " (
FADFS .. o | reALes . | Anocation determinant for fixed costs infirm . " ~
FADIS . |meatss . |-Allocation determinant for fixed costsin itermop, " B
FCSN S * -] REAL¥4 ) Fixedeoststongcr‘ne,‘non-jﬁis'dicdonél o "
FCST - - | REALsa - | Total fixed cost stomge rate _ S "
I INCR_IJMIT o _REAL* .~‘ngimumuﬁffin.crease.a'llowedforaycar- . " .
RADJ o L F REAL*4 ) - Adjustment factor for &iseotmtin'g {ratio) ) "
RCES . -+~ ’ | REars Reservation costs assigned tooo‘t'e(ﬁ;'m service) customer "
, " UCFS E o :liEAL’M - Usage costs assignqd to core (fim-i service) customers
II V . ‘| REAL*4 - " | Variable storage cost / working gas capac:t.y
l VADFS. - m‘4 - Allocation daerl;;inaxit for var. costs in firm
' I VADIS . REAL* - | Allocation déterminant for vas. cosis in intermup.
I VCSN Lo " | REAL* . ‘ ’ Va.riab]ceogn‘stotag‘e rate, non-jurisdictional
v Jfvest , REAL*4 ., | Toul variable cost storage raté
VSUM . - . | REALw Total vaﬁablém{o}ﬁmmd initerruptible °
WGCIT o 1 REAL*4 ~ . Total -working ga.écapacit;
l Subroutiie PTME_REPORT_BASE K

. - . ‘. . ’ . A . <, .
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Local Variables Defined Within the NGPTM

%

Variable Name Format .

Definition

AF, AT,E,N,P INTEGER*4

Index variable .

Subroutine PTMF_REPORT_FORECAST .

AF, AT,N INTEGER*4 Index variable
Subroutine PTMG_REPORT_BOTH
: AF, AT, N, P 'INTEGER*4 Index variable
Subroutine PTMH_REPORT_CAPACITY_COST.-CURVE ,
(o local variables) L
l Subroutine PTMLSCALE_LINE@, CT, E, EXPCAP, HISCAP) . - "

N
l | INTEGER*4 Convert pipelirie index to source node "
, AT INTEGER*4 ~Convert pipeline index to dest. node
Ccr . : : INTEGER*4 . Cost type (lmon, 2=storage)
E ' INTEGER*4 Expansion index |
EXPCAP REAL*4 Expansion capacity size
FACTOR REAL*4 1 Scating factor for line jtem
HISCAP REAL*4. " | Historical capacity size
P .| NTBGER* - Pipeline index
Subroutine PTMJ_TRNS_COST_OF_SERVICE(RD)
LRD" INTEGER*4 | Indexvariable - -
RF - " |.Rearss Fixed cost ‘Il
RV - | rEAL%4 Vaiisble cost ) |
Subroutine PTMK_STORAGE,_COST. OF_SERVICE(RD) )
. LRD INTEGER*4. Index variable
Sl‘xbroutine PIML_AD]
AF, AT,E, N, P INTEGER*4 Index variable

-Subroutine PTMM_ADISTR(NODEID,PTM_SCAP)

MAPYR  INTEGER*4

. Mapped yr= current yr

NODEID, NS INTEGER*4

Counters ~
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Local Variables Defined Within the NGPTM

%

Variable Name

Format Definition
W PR_ADJ REAL*4 Price delta
| PTM_SCAP REAL*4 Tariff
LQSTRMAX _ REAL*4 ' Current yeaiﬁaxcap
Subcoutine PTMN_ADICAP(SRC,DEST,PTM_PCAP) '
MAPYR ' | INTEGER*s - Mapped yr= current yr - .
PRAD] ) - | REALS4 Price delta ‘
| prvpcar REAL®4 Tasiff
. QCAPMAX REATL*4 Cufrent year max cap .
"SRC, DEST, NS | INTEGER*4 Counters "
Subroutine PTMO_REPORT_GENERIC_LINE | . "
. AF, AT,CT,P, T INTEGER*4 Index variable
M .. - - | REAL%6 . Million (in decimal)

Subroutine PTMP_REPORT_EXPANSION(P,CT, »RD,PREEXP,CUREXP, ASKEXP)

INTEGER*4

~

AFATLIMNT Index variable

ASKEXP REAL*4 - Expansion size asked fof

COSTTYFE . CHARACTER*15"" | Row heading for report .

e - | INTEGER*4 “Type of cost I=trans, 2=sterage - [t
|| CUREXP _ REAL*4 . Avail. exp. size for current forecast year .-

LINE_HEADER(11) CHARACTER*30 - | Line heading for report )

LINE_SUB(1S) . - CHARACTER#37 | Liti subbeading for report

P + INTEGER*4 Pipeline ID index -

PREEXP REAL*4 Expan.sion. size before current expansion

RD .. iNTE\GER‘oi Rate design index

TRFR, TRVR, TRFU, TRVU, | REAL* Accumulate total. )

TSF, TSV’ ‘ - -

Subroutine PTMQ_REPORT_FORECAST_GENERIC ! NOT BEEN CALLED -

(no Tocal variables)
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! - Local Variables Defined Within the NGPTM

/

Variable Name

Format

Definition

P

INTEGER*4

|| Subroutine PTMR_REPORT_COST_COMPONENTS

Counter for arc ID

) || Subroutine PTMS_REPORT_INDUSTRY_COST

" COSTNAME(40)*32 CHARACTER Row headers for report

: " n, INTEGER4 Year subscript on results (1990, 1991, ... I
" NCAECUMM(21,2) REAL#8 " Accumulated new cap add expenditures (NCAE, 935)

" REVREQ(30) |, REAL#8 Total revenue requirements (935)

Subroutine PTMT, REPORT_RATESON_ARC

AFAT . P

INTEGER*4 -,

Source and destination nodes a'lox;g arcs

P
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"Local Variables Defined Within the NGTDM

Variable Name

Format Definition

Real Function NGAFM_ANGTS(TSTYR)

TSTYR < . INTEGER*4 -Current year of mode)
Al Rest Function NGCAN_DEMAND(CN_WELPRC) § | :
CN_WELPRC ... " [ reaLrs . *| Canadian wellhead price
Real Function NGEXP_CANCANID,TSTYR) o
FISHR REAL4 - . | Share variable . l ‘
{-1can INTEGER* . Canadian border crossing ID I
‘D "| CHARACTER*1 | Indicator for firm (F) oc intemrupt. @)
TSTYR - .| mTEGERM o Yer . . '
Real Function NGEXP_MEX(MEXID,TSTYR) =~ o
FISHR . . |'RBAL4" | Lical share varisbl I
D. CHARACTER*! - Tndicator for Firm (F) ot interrup. () |
m . INTEGER*4 Mexican i)ader crossing ID
" TSTYR INTEGER*4  * | Year. -
Real Function NGIMP_CANX(CAN,TSTYR) -
ICAN INTEGER*4 " <" " - | Indicator of Canadian border crossing
TSTYR INTEGER¥4 -| Yesr for Canadian imports R E
 Real Function NGIMP_LNG(ILNG,TSTYR) ‘ '
ILNG ' " | INTEGER*s LNG terminal identifier
1 TSTYR - | INTEGER*4 ; Test year for LNG imﬁons
Real Function NGIMP_MEX(IMEX, TSTYR) |
IMEX T .kINTEGERM" . mexican border-crossing number
TSTYR INTEGER*4 Year for Mexican impons4
Real Function NGPRD_LABX(IKEG) .
IREG 4 INTEGER*4 *NGTDM/OGSM region (1-17)

Real Function NGPRD_MSJ(INVAL‘,VA_LUE.IREG)

LA

\
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Local Variables Defined Within the NGTDM

Varlabie Name Format Definition
APBASE REAL*4 -- Price at lower end-of mid segment on th.rec-_ﬁer sup curve
(assoc w/ AQBASE) (878/mcf) - ’
" AQBASE,' . REAL*4 ' Quantity at lower end of mid segmeni on three-tier sup
curve (assoc: w/ APBASE) (BCF)
BPBASE . REAL"’ft o | Price at upper end of mid segment on three-tier sup curve
; ’ L (assoc w/ BQBASE) (878/mcf)
. BQB‘ASE - REAL*4 . Quantity at upper end of mid segment on three-tier sup
) - curve (assoc. w/ BPBASE) (BCF)’ )

" CURYR INTEGER*4 Year represented by supply data- . _ "
"ELAS REAL*4 Supply curve “elasticity” o "
FIXSUP REAL*4 Fixed supply quantity (BCF) - ' "

1 mvaL CHARACTER*1 Character indicating if the input value is a P o Q "
IREG INTEGER*4 NGTDM/OGSM region (1-17)

LAGREG INTEGER*4 NGTDM/OGSM reg represented during lust call of function
MIN_NA REAL*4 Minimum ptoducuon of NA gas .(BC‘I-) . L
| 'PBASE REAL*4 Reference price point (87$/mcf) -
PER B : - REAL*4 I Percent prod not lease & piant ’
QBASE "REAL*4 * Reference quantity point (BCF)
QVAR REAL®4 " Quastity of supply above fixed supply (BCF)
VALUE | reaL#s Inpixt peice or quantity , - o
XPBASE REAL*4 Price-associated wXQBASE (87S/mc)
(| xqBASE _REAL* OGSM production eét: Reserves¥PR ratio (BCF)
Real Function NGPRD_OCSX(IREG) .
BASE( ) REAL*4 Intermediate value RES*(P/R)
IREG INTEGER*4 OFFSHORE region (1-3)
Real Function NGPRD_OCS(INVAL,V_ALUE;IREG)
i | AI;BASE ' REAL"4 | . Price at lower end of mid segment on three-tier sup curve
. (assoc w/ AQBASE) (875/mcf)
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"' Local Variables Defined Within the NGTDM

14

’Vaﬂ.g];!e Name Fqrmat Definition
. AQBA?E REAL*4 ) l Quantity at lower end of mid segment on three-tier. sup
) curve (assoc. w/ APBASE) (BCF) -
" || BPBASE REAiﬂl Price at upper end of mid gegmem on. three-tier sup curve
.. (assoc w/ BQBASE) (87$/mef)
i BQBASE - REAL*4 ) - Quantity a!upper end of mid ;egmem on three-tier sup
- ’ . curve (assoc. w/ BPBASE) (BCP) ’ A
CUEYR - | INTEGER*4 Yearepresented by supply data - . _ .
4 : - || ELAS " 7 ~-| REAL*4 Supply curve "elasticity” .
' FIXSUP REAL*4 Fixed supply quantity (BCF) ~ . - " "
| INVAL | ciaracTER%1 Character indicating if the input value is a P or Q "
IREG llfl'i'EGER#4 'NGTDM/OGSM region (1-17) - i ' "
LAGREG . |- INTEGER*4 ‘NGTDM/OGSM reg represented during last call of function
- MIN_NA REAL*S ° Minimum production of NA gas (BCF) ° |
|| pBase REAL*4 Reference price paint (87/mef) : ' "
.|l PER REAL*4 _i{ercent prod not lease & ;-alam . ) ) "
|l oBASE REAL*4 Reference quantity point (BCF) °
. QVAR REAL*4 |, Quantity of supply sbove fixed supply (BCF)
T VALUE -REAL*4 Input price or quantity
| xemase . | REaves Price associaied WXQBASE (®18/me) . |
-+ |l xapasE’ .+ | REAL*4 .| OGSM production est: Reserves*PR ratio (BCF)
| " Real Function NGSUP_OTHR(SUP). o
" ISUP INTEGER*4 Other supplemental location
' " Real Function NGSYN_LIQHANVAL,VALUE)
" INVAL Co~ CHARACTER*1 | Character indicating if theinput valueisa P or Q
, II LAGIYR INTEGER*4 Year lasttime function was called
- 4 " SNGILL REAL*4 . Temp array to hold ILL prod
" SNGLAG | rEAL*4 Last forecast year's ILL prod
N " SNGMAX - " | REAL*4 - Maximum sllowed ILL prod level

:J-116-
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) Local Variables Defined Within the NGTDM

Variable Name Format Definition

VAL - | REAL*

VALUE REAL*4 Input value (price or quantity)

Real Function NGSYN_LIQX()

NGSYN_LIQH | REAL*4 Functin to set SNG lig prod

Real Fuzction NGTDM_CRVUTILIX(NGRGEMRG,PRICE,PR_FLAGPRX)

EMRG - . - - | INTEGER% EMM region _

KK INTEGER*4 - NGTDM/EMM subregions (1-2021) .

" MB . - | REAL*4 ’ | -S.lopc and intercept B ,
NGRG | INTEGER%4 NGTDMregion = " |
POILOLD REAL* Oil price used by EMM . : "
PRCE REAL*4 . | Inpit price - ’ "
,PR)'( ‘ ) REAL*4 Price on vertical ($/mef) - - " |
PR_FLAG INTEGER*4 Flag when price on vertical ~ o ' "
Q.- | reawse. ‘Noncore (lnterruptible serviee) wtl dmd 1

. ' RAT = - | REAL*4 ‘Gas to oil price ratio i
RATMAX ~ | | REAL*4 GlOmtio when gas st max .© - -
" RA'I'MIN "REAL*4 " | GIO ratio'when gas at min-
RATOL!? REAL*4 G/O ratio from p’ev jteration
RATPAR b REAL*4 G/O ratio at effective price
SHRMAX REAL*4 Gas quantity at maximum :
SHRMIN . -t REAL*4 Min quantity of 'gjas ,
SHROLD .REAL*4 Gas quantity from prev iteration '
SHk/l’AR ' * REAL*4 Gas guantit‘y ‘at parity
Subroutine AMJEVEB ] '
1] : L IN'I'E&?ER ' Counters, indices
SRC,DEST INTEGER . Source and destination nodes \
R - © o | iNTEGER Current year index (1,2,..)
[ElAMModel Documentation: Natural Ges Transmission and Distrlbution Moda! Volume |
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Local Variables Defined Within the NGTDM

[| Variable Name - Format

Definition

Subroutine AVG_COST_CALC
FIOT.RENT . - " | mvTEGER - Total firm rent on pipeline (875)
ITOT_RENT .. | ovrEcER Total interruptible rent on pipeline (875)
| ‘ IYR ' ) ) INTEGER - dn-rent year index (1,2,...) I
c ' | ‘Subroutine CALC. CAP(CNVAR,CAP_TEMP.TREG. FLOW,TREG_PCAP, "
. [lap® ‘ | NTEGER T " Capacity additions index (not used) "
- . . arcrow. | reaws® Total flow along arc (BCF) "
ARCPCAP. = - 'REAL*4 ) “Ma physical capacity along arc (BCF) . "
CAP " . - - | INTEGER . Physical capacity index
CAP;I'EMP o ) REAL*4 Temp variable defining max physical cap‘along arc; (BCPH)
CNVAR(144MNUMYR) | REAL*4~ ‘.Tcu] _physie;n capacity for NGTDM reg (BCF)
) G - ) " | INTEGER .. - Census region R i "
‘ INTCAP  © . |INTEGER - Initial capacity index (not used) * - ‘ I
) IYR IV A‘- INTEGER . Current year . ./ l
- IYRSWITCH i = .1 INTEGER- Index rel;resenﬁng current year (1,2)‘ - I
_ ’ SRCDEST. - .- | INTEGER - Source, destination nodes along arc
:l'REG_H_:OW(M), Do REAL*4 . Total flows slong are for Gensus r.egion§ ®CR)
’ ‘TREG_PCAP(I‘}) . - ,REALM‘ ' | Total phy cap along uc for Census regions (BCF)
UTL . T "~ | INTEGER Capacity utilization inégx (not used) '
1l Subroutine CAPACITY_ADDC(CCVAR,CURIYR) g
" ADD o - | INTEGER Capacity additions index
i " CAP . = 'mTEfGER Physical capacity index
" CCVARUIAMNUMYR) - | REAL*4 Capacity varizble by Cesis: phys cap-and additions (BCF)
1 CURIY? ‘ . Ii‘l'l"EGER‘ Current year (1,2,...)
o * | INTEGER Ceisus region index
INITCAP | INTEGER Initial capacity index
" UTLL, -, B | INTEGER Q@ty utilization index
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- Local Variables Defined Within the NGTDM

Variable Name Format Definition
Subroutine CAPACITY_ADDN{CNVAR,CURIYR)
ADD 'INTEGER- Capacity additions index
CAP INTEGER Physical capacity index
CNVAR(14,4 MNUMYR) REAL*4 - Capacity varisble by NGTDM reg (BCF)
CURIYR . INTEGER. Curreat year (1,2,.)
o " INTEGER NGTDM region index ,
| narcar INTEGER' Initial capacity.index I
UTIL INTEGER . | Capacity wtilization index "
|| subroutine caPACTTY_cALC ENTER
, || ArcFLOW REAL*4 NG flow along are into region (BCF) "
ARC_PCAP 'REAL*4 'Pb’ysical cap along arc ifto region (BCF) ‘ "
CA?_TEMP REAL*4 Stores regional a‘v’g cap, additions,utilz entering region” "
LIKL INTEGER *. Counters, indices _ "
I?R’ INTEGER Current year ‘(1.2,...) "
'SRC,DEST - | mvTEGER Source, destination nodes "
TREG_FLOW(14) REALYS Total flow entering region (BCF) ]
“TREG_PCAP(4) REAL* |

Total physical cap entering region (BCF)'

" Subeoutine CAPACITY_CALC_EXIT

‘NG flow along arc cut of region (BCF)

ARC_FLOW REAL*4 .
" ARC_PCAP REAL*4 Physical cap along arc out of region (BCE)
’ I CAP_TEMP REAL*4 i Stores regional avg cap, additions, utilz exiting region

I,J',K.L INTEGER éoun;e£s, indices

IYR INTEGER Corent year (1,2,

REG_NUM - INTEGER Region number (not used)

SRC,i)EST ’ IN'I:BGBR Source, destination nodes ) .
" TREG_FLOW(14) REAL*4 Toral flow exiting region (BCF)

REAL*4

: " TREG_PCAP(14)

Total physical cap exiting region ‘(BCF)

~
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.. Local Variables Defined Within the NGTDM

” Variable Name™ .-

Format

"Definition . ‘ o

I Subroutine CENSUS_DIV_CAP(TREG_FLOW,TREG_PCAP,CNVAR,CCVAR)

CAP - INTEGER Physical capacity index .
CC\"AR(I.I'A.I;‘!NUMYR) - R}ZAi,‘4 Capacity ‘variab]e by Census: phys cap and additions (BCF) .
- CDRFE_H.OWQ i) REAL*4 Total flows along arc il;to or out of Census reg (BCF)
l CD:REG_BCAP(II) - REA'I.,M Tot physical cap a]ox_;g arc_slinto o out of Census reg (BCH)
CNVKR(M,&,WU_MYR) REAL*4 Capacity variable by NGTDM reg (BCF)
. |{ FLow_sarcu1 REAL*4 Flow for arc between 8 and 11 NGTDM reg (BCP)
- || FLOW_9ARCI2- - REAL¥4 . i Flow for &c between 9 and 12 NGTDM reg (BCF)
oo INTEGER - Counters, indices "

" oR - - 'IerBGER’ . 'q;xi;ent year (1,2,.) " ! "
 IYRSWITCH J | INTEGER - Index representing cunent year (1,2) "
PCAP_8ARCI1 REALS4 . - Phy cap for arc between 8 and 11 NGTDM reg BCE) . "
*PCAP_9ARCI2 | Reaies. Phy cap for arc bg:weel; 9 and 12 NGTDM reg (BCF) "
- TREG_FLOW(14) ‘REAL*4 . | | Total flow into or.out of NGTDM reg (BCE) . ; " -
TREG_PCAP(14) | REALv4 " | T physical cap into o out of NGTDM reg (BCF)

UTLL o ‘ INTEGER | Capacity wilization index ' l

‘Subroutine CONSUMPTION_CALC .. .

LIX | INTEGER - : -Region;hdices". f . 3 -

YR | INTEGER ° , . :| Currentyear 1,2,..)

TEMP_NONU_F REAL*4 Total non-wlity firm flows BCF)  _ , : o
| TEMP_NONUI REAL*4" Total non-utlity interrup. flows BCH)

I TEMP_UTIL_F " REAL*4- Total wility firm flows (BCF)

TEMP_UTIL I REAL® “Total wility interrp. flows (BCF)

Subroutine END_USE_CALC

EU_COST_F REAL*4 ‘Firm utility end-use cost by NGTDM reg (875/mcf)
EUCOST] . REAL*4 Interr ity end-use cost by NGTDM reg (875/enc) -
EU_C()ST_TF ) REAL*4 1 -Tota'l firm Wtility-end-use cost for-all region§ (878/mef)

T . d-120
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Local Variables Defined Within the NGTDM ' ..

Variable Nnr:le

Format Definition
EU_COST_TI REAL*4 Total interr end-use cost for.all regions (875/mef)
EU_b REAL*4 Denominator for tot end-use pr all regs—total qty (BCF) °
EU_.N . REAL*4 NMor for 1ot end-use pr all regs—total P*Q (875) *
' EU_QTY_F REAL*4 Firm utility end-use gty by NGTDM reg (BCP) ) L ,
o EU{;QTY_I REAL*4 Interr utility end-use qty by NGTDM reg (BCF) I
’ | s EU_6TY_TF REAL*4 Total ﬁrm utility end-use gty for all regions (BCF) . "
"BU_QTYTI' RBAL‘M Total interr wtility end-use gty for all regions BCF) - jl
UK INTEGER * Region indioes q - "
IVR | INTEGER Current year (1,2,) ' "
TEMP_NCF REAL*4 Total P*Q for firm nonutility by NGTDM region (875) l |
TEMP_NCI - REAL*4 Tou.a.l P*Q for interr nonutility by NGTDM region (875) "
TEMP_NQF ‘ REAL*4 Total gty for firm nbnntimy'by NGTDM rcéion (BCH " )
TEMP_NQI REAL*4 Total qty for interr nonutility by NG'I'I?M region (BCF) "
TEMP_UCF REAL*4 - Total P*Q forﬁrmuﬁlity by NGTDM region (875) "
TEMP_UCI | rEALS4 | “Total P*Q for interr nlity by NGTDM region 878) |
TEMP, UQ'F . REAL*4 | Total gty for firm utility by NGTDM region (BCF)
I TEMP_UQI REAL*4 .-

Total qty for interr utility by NGTDM region (BCF)

" Subroutine FTAB_REPORT(CURIYR,LASTYR)

' " "FILE_MGR INTEGER*4 * Function to-open/close file
" FNAME CHARACTER*1S | Filéname
" CURIYR,LASTYR iNTE'GER Current year; last year
" LIX | mTEGER " | Regionindices
" NGREG INTEGER*4 Region index
Subroutine FI‘AB_RP‘I"
(no local varuables) , ) '
" Subroutine INVERSE_MAP 2 ’
" 11K INTEGER chiorf indices -

H R

! . v . ElAI‘Mt;del Doeunie_ntatlon: Natt;ral Gas Transmission a‘nd Dlglribuﬁon Model Volume |

dJ-121




Variable Name Format: Definition
REG_NUM | TEGER Region ID
|| Subroutine MARKET_HUB_PR-CALC )
AMH_D REAL*4 Total Qty (consumption) at hilb (BCF)
AMHN REAL*4 Total P*Q 2t bub (875)
LIX INTEGER 'Regigﬁ indices -
~TYR ’ INTEGER . Cmrelnt year (1,2,...)
MH_PQ" REAL*4 Total ;narket‘hub price * quantity by reg (875)
MH.QTY. REAL*4, Total market hub qty by reg-firm + interr (BCP' |
MH_QTY_TF REAL*4 ‘| “Total firm market hub quastity by reg (BCF) - i
MH_QTY_TI _REAL*4 ° Total interr market hub quantity by reg (BCF)
TEMPNQF - | REAL»s Total qty for firm nonutlity by NGTDM region (BCF)
TEMPNQI REAL*4. "| Total qty for interr nomtility by NGTDM regicn (BCF)

- TEMP_tIQF REAL*4" Total gty for firm wility by NGTDM region (BCF)
TEMPUQ! 'REAL*4 Total qiy for interr ullity by NGTDM region (BCF). 1
Subroutine NEXTDATA(UNITNUM) o
cH -~ . .| cHARACTER*] | Dummy var. READto find beginning of READ (@) ' _
'UNITNUM - INTEGER*4 Unit mx.mber passed from the file 'manager - ° ‘

Subroutine NGMAIN . . ‘
CATGKEY | INTEGER*4 Input variables used to initiate selected sensitivity runs
-Fﬁ.E..MGR C INTEGER*4 Fusiction to open/close file - _:

FNINFNOUT - CHARACTER*18 | Filename of inpu and output file used for NGTDM module

) ) - © | standalone runs ' . coee

L],K INTEGER*4 Counters, indices . )

- RTOVALUE WER . Function to obtain value of input runtime paraineter for sens

S | snalyss .
" Subroutine NGPRTINF(MATRIX)
" ‘COLSOIJ'ACLUD Ni ) (".‘HARACI'ER“S "} Defines colun"m info to be obtained from OML s.»oluﬁ'on ‘
. IT:‘TEGI’ER% . ‘ Counter, index ‘

Local Variables Defined Within the NGTDM

© o Je122

‘
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Local Variables Defined Within the NGTDM )

Variable Name - Format Definition
IRET INTEGER*4 . - OML return code
MATRIX - CHARACTER#3 Defines which LP has infeasitility (AFM or CEM) -
"ROWSOL/ ASLUP */ ' Ci-!ARACTER‘S Defines row info to be obtained from Ohﬁ. so]l;ﬁog
.Subroutine NGSET_EXPCAP(MAPYR,YR) ’
IEXF' ' ’ ‘IN'I'EGER"4 Arc counter
o ’" MAPYR e II‘\"I'EGERM Mapped reference year
|| src, pest INTEGER*4 Source and dest nodes 1,
YR - INTEGER*4 Reference year
| vre INTEGER*4 Reference year in 4 digits (.., 1990)
' " Subroutine NGSUPPLY_ACT ' "
" 1 INTEGER* ' | Esmpotregionindex . - "
" R INTEGER%4 Current year (12,..) ”
. LASREG INTEGER*4 Lower 48 region ID (I-12) ~ * l
.. || ~oreG,NsREG - INTEGER*4 Region/subregion index l
] qrxe- REAL*4 Export gty (BCF) '
STYP . INTEGER*4 Supply type index R
Subroutine NGTDM_CEM ‘ )
ADDYR INTEGER*4 "Num of years for storage addition data
BASET REAL*4 Total base gas storage (Bcf)
CAPI LOGICAL /.TRUE. Flag indicating 1st itr, 1st'yr
CAPADD - REAL%4 New capacity additions (MMecf/day)
CH CHARACTER*1 | Dummy var. READ.to find beginning of READ ()
FILE_MGR INTEGER*4 . Function to openlc]olse file
FNAME ° CHARACTER*18 Filename identifier )
IJK INTEGER*4 . Counters
ol mExe. - INTEGER*4 Arc counter
" IOSHAT INTEGER*4 Unit number passed from the file manager

”

~
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Local Variables Defined Within the NGTDM

Format

e T T
N

1

Vaﬂgble Name Definition
NGREG - INTEGER*4 Region
NUMSTRX . INTEGER*4" Number of storage nodes’
'SRC, DEST " INTEGER*4 Source and dest podes
" WORKT REAL*4 Total wocking gas storage (mmef)
" YISBA - INTEGER*4" Afr;y pesition for previous year ‘ I
Subroutine NGTDM_DATAREDQ ‘
" || AEFE_PIPE_SCALE93 | rEAL*s Scale pipeline eff to match 1993 history
JI CEND .’ " | CHARACTERi Dimmy var read to find end of data (#)
I cu CHARACTER*1 Dummy var. READ to find beginning of READ (@)
DATA . - |- REAL*4 " Used as témp storage for data
FILE_MGR 4 NT'éGéRt4 : ‘ Fm:r.;tion to~open/cl_ose) file
FNAME, _CHARACTER*18 Filename
) i . INTEGER*4 Counters
‘ UNITNUM _ INTEGER*4 Unit mumber passed from the file inanager
Subroutine NGTDM_DATASET ' , -
NGREG.NSREGNSEC,#SU?;_‘ _INTEGER*4 "| Sector/Supply, regior counters - a ll ‘
"DEST]I . E
l Subroutine NGTDM_DMDALK(YRCALC) - ", ’ |
1| ax_cons_N REAL*4 “Tot end-use consmption in N AK |
: I ~Ax;cons_js REAL*4 ~ | Tt ene-use consufnption in S AK
| ax_rcrarLe) REAL®4 1-AK_PCTPLT-AK_PCTLSE-AK_PCTPIP
AK_PRODG) . REAL*4 " | Prod SNANGTS
" AK_WPRC() REAL*4 Well price S,N,ANGTS g
ANGTSON' LOGICAL " Gas flowing on ANGTS -
CNTYR INTEGER*4. Converted YRCALC where eg 1 for 1990 -
ELDMD REAL*4 * | Util demands in'AK
REAL*4 LNG exports from AK to Japan -

I EXPJAP
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* Local Variables Defined Within the NGTDM

|

O

Varjable Name Format »Definition
1 INTEGER*4 Counter.

| SAK_CONS_DIFF REAL*4

s e |
SAK_OVRMAX LOGICAL True if S.AK ‘consump exceeds S.AK producu:on "
SAK_PROD_DIFF REAL*4 "
' WOP&UR . ‘REAL*4 Current world ofl price,

" WOPLAG REAL*4. Lagged world oil price
WPRLAG REAL¥4 - Lagged AK wellhead price "SOUTH"
“YRCALC .’ INTEGER*4 "Year to be calculated (e.g., 1995)
Subroutine NGTDM_DTM2 L ' , "
a ., . . CHARACTER*] Dunminy var. READ to find beginning of READ (@) . "
DTARI LOGICAL L.TRUE. Flag indicating 1st tr, Istyr
FILE_MGR INTEGER*4 Function to opcn/clo.se file
FNAME CHARACTER*I8 = | Filename
L INTEGER*4 | Counters )
UNITNUM INTEGER%4 . Unit mumber passed from the fle manager
Subroutine NGTDM_PTMI '

Il cu 'CHARACTER*1 | Dummy var. READ to find beginning of READ (@) |
FILE_MGR "INTEGER*4 -] Function to opcr;lclose file I
FNAME 1 CHARACTER*18 Filéname
13 .| INTEGER*4 Counters )
10PT™ “}-INTEGER*4 Unit number passed from the file manager
PTAR] LOGICAL ITRUE Flag indicating It itr, 1st yr

Subroutine NGTDM_SENS2(CATG,KEY,SRC,DEST)

1) INTEGER*4 Counters, indices
CATGKEY INTEGER*4 | Input variables used o initiate selected sensitivity runs
SRCDEST ' INTEGER%4 Source, destination node ID's
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Local Variables Defined Within the NGTDM

v

4

Variagble Name

Format

Definition

Stibroutine NGTDM_SENS3(CATG,KEY,IPD1,IPD2)

~
-

B

CATGXKEY. INTEGER*4 Input variables used to initiate selected sensitivity rups

I ' | INTEGER*4 Region index-

IPDI.(NNGREG),IPDZ(NNGRE REAL*4 Adjusted percent discount; alternate adj percent discount '_
*PERCINCR REAL*4 Mge in p&ceqt discount

* Subroutine NGTi)M_SENS«%(CATG,KEY,SRC,NGREé,PCAPCURV)

v

)

CATGKEY -INTEGER*4 Input varisbles used to iniéiate selected sensitivity uns - "
: It

SRCNGREG,NS INTEGER*4 Indices ,

“PCAPCURV(CEMNS). REAL*4

Subroutine NGTDM_SENSITIVITY(CATGKEY)

Price on CEM ‘capacity expansion curve (875/mef) -

SN N SOV SO Y S RN w——

AA_RATE REAL*4 Change in AA Bond rate
AGSRINC REAL*4 | Change in GSR transition costs for firm service
CAPINCRI1,CAPINCR2 'REAL*S - Change in cost of new capacity.
EFFINCE . - REAL*4 - Change in pipeline efficiency
ELASING? REAL*4. Change in elasticity for sul:?plj curve option 2
ELASING3 REAL"4 ~- Change in elasticity for supply curve option 3
KEY,CATG . | INTEGER*4" Input variables used to iniqaxé selected sensitivity runs ~
TIXKYRLYR2 . | INTEGER*4 " Counters, indices””
INDDMD(1996:20i0) : _ REAL?4 Change in industrial dmds
LFACI . - REAL*4 | Change in LFAC
I MAXFAC - REAL® Change in niax discount for iqte‘:nﬁp transportation
I ,MSEGINCR REAL*4 Change in mid segment on supply curve option 3
RBSDh_dD(ié%:Zle). REAL*4 | Change in rcsfdemié] dpds ) v
UDMD(1996:2010) REAL*4 + Change in uility dmids ’
WFé) REAL*4 ;d_mngc {n peak firm ;hmc .
WTHRE) -I'REAL®4 Change in CEM weather factor

-
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. Local Variables Defined Within the NGTDM

Va.rl?ble Name Format Definition
XCAP(2) REAL*4 Change in AFM weather factor -
Subroutine REV_DISTRIB - . )
Il AEFF REAL*4 Pipcline\efficiency '
" LIX INTEGER coumérs. indices’ "
YR - - INTEGER Cumrent year (1,2,..) ' "
Suh&ﬁne'né\{.mmn_mms "
g " AEFF REAL*4 :"Pipeline efficiency
. " FMARGIN REAL®4 - Resulting firm tariffs along arcs (878/mf)
LIX | ‘INTEGER - Counters, indices
IMARGIN 1 | REALS. Resulting interrup. tariffs aloog arcs (87$/mef) "
INTRAF' | REAL% Firin interstate transmission reventes (875)
INTRA_I REAL*4 lnta'mpmtersute transthission revenues (875)
IYR INTEGER' Curfent year (1.2,..)
RENT ° REAL%4 Positive o neg rent along an arc ™ "
SRC,DEST | wTEGER Source, degtinstion node ID - "
" .TEMP_NQF ° REAL*4 © Tetal gty for firm nonutility by NGTDM region (BCF) "
TEMP_NQI REAL®4 Total qty for interr nomutility by NGTDM region (BCF) ..
TEMP_UQF - REAL*4 "~ “Total qty for firm utility by NGTDM region (BCF)
'1 ”I'éMP_UQI REAL*4 Tota] qty for interr utility by NGTDM region ®CP) .-
TOTAL_T REALY - Temmporary reat variable (875) :~ '
Subroutine WRITE_AFM T '
LJCYR INTEGER*4 (not used)
RECD INTEGER*4 R Record ﬁumber for direct access output file _
" Subroutine WRITE_CEM \
AUT_F(NGTDM,NGTDM), REAL*4 Firm and total wilization of pipeline along arc
AUT_T(NGTDM,NGTDM) | ' - ~
'CAP_MAX(NGTDMNGTDM) REAL*4 - Physical capacity along arc (BCF)




" Local Variables Defined Within the NGTDM

Variable Napé Format - Definition . T )
FYRCYR - INTEGER*4 Forecast year (3,4,.); forecast year index (1,2)
I : T -
L7 . _ | INTEGER*4 Counters, indices ) . "
PCAPEST(NGTDM,NGTDM), REAL*4 "1 Est price on pipeline/storage éapagity curve for PTM
PSTREST(NNGREG) (875/mcf) ' ’ ‘
- RECD- INTEGER*4 . “Record number for direct access output file - "
- — — . 5
“lI STRMAX(NNGREG) - "} REAL*4 Mazximum storage capacity (BCF) o . N
. || STRF(NNGREG)STR I(NNG .| REAL*4 " Net firmfinferrip flow out of storage (BCF)
CPCAP(NGTDM,NGTDM,CE REAL*4 b P/Q pairs used to define the pipeline capacity curve : <
MNS),CQCAP(NGTDMNGID | ;.- - - D
.MCEMNS) ... - :
' 'CPSTR(NNGREG,CEMNS),CQ . REALY - - PAQ pairs used to define the storage capacity curvé . e
_, J|' STRONNGREG,CEMNS) - : S, SN
IR - INTEGER*4 Counters, indices "
‘Rgootdnumberforaireamouqnnmc‘ L ’

t

v
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Sensitivity Parameters

" This Appendix lists the parameters that have been selected as sensitivity variables within the NGTDM. Most of the
* sensitivity options key off of two NEMS runtime parameters: NGCATG to specify the parameter to be perturbed,
-~ and NGKEY to identify which perturbation amount to be used. The remaining sensitivity options are activated
through input data files as switches and corresponding quantities. These keys and switches are listed along with the
* parameter descriptions and their’ corresponding perturbation activity.
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Parameter

Switch

Key

Activity

Residential deinapd "NGCATG =1 NGKEY =1 Increase by 0.5% per ycar,i996-2010 .
NGKEY =2 Decrease by 0.5% per year 1996-2010 .
Industrial demand - | NGCATG=2 NGKEY =1 Increase firm demand by 0.5% per .
. 1 : , year 1996-2010
" | NGKEY =2 Decrease firm demand by 0.5% per _
s year 1996-2010
. . . NGKEY =3 Increase interruptible demand by 0.5% ||
“e, . ’ "per year 1996-2010
T | NGREY=4 | Decrease imermuptitile demand by 05%
b - : : per year 1996-2010 ’
CEM weather factor NGCATG =3 NGKEY = 1 weather factor = 020 .
‘ "NGKEY = 2 weather factor = 0.10 )
] .
NGKEY =3 " weather factor =00 . . - "
APM weather factor © . | . | NGCATG = 4. |- NGREY =1 weather factor = 0,10
. 1-NGKEY =2 weather factor = 0.0 °
Peak firm utilization - - | NGCATG=5 NGKEY = 1 utilization =070
' NGKEY =2 utilization = 0.90
: ! ‘NGKEY =3 - utilization = 0.99 .
Peak & Offpeak gas - NGCATG = 6" _ " | Peak share = 0.33 Offpeak share=0.67
* consumption shares - . . . ;! ' - .
residential, commercial, . i 3
industgal . - ) N
Cost of-new capacity’on 8- - | ‘NGCATG = 7 " Decrease by 3200
>4 -0 S . ' )
‘Stepionap;&_tyexpapsion | NGCATG =8 ) . - . 'Droinll.stépsyexccptthemost." R
curve 8->4 < R expensive step for new. capacity )
Pipeliné capacity addition " | NGCATG=9 .- ‘NGKEY =1 Increase by 20% ' "
costall arcs ( ' S g
- - NGKEY =2

’ Decrease by 20%
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- SENSITIVITY PARAMETER LISTING . ' . I

Switch

"NGCATG =10 -

Key

NGKEY =1

.Basecap=0

NGKEY =2

“Activity . . I,

Base cap = Commodity charge

- .} NGKEY =3

AA Ut.ihty Boud index mc

NGKEY.=1 .

Base cap = Reservation charge - -
Increase by 2% . '

X ‘ X l/- ] Wi NGKEY=2 Decrease by 2% )
|| Loud Factorfor masium . | Nocato = 12 | "NGREY =1 Increase by 25%
mtampu'blemxpcnmon IS IR : - -
rae <“LFAC .- L R | NGKEY =2 Decrease by 25%
- !mmpdblemmpomuon | NGeaTG =13 NGKEY=1 Increase by 25%
. o _w NGKEY=2 Decrease by 25% -

- || LPAc ana MaXDISC < | NGCATG <14 Increase by 25% . :
S 1 GasSupp!yReahgnmem | NGCATG=15 ¢ .. [ Dowkte .- .. - :
"l "o - M v ) Nl N v e
i “i{GKEY:l "] Increase byZ‘i ) .
~| NGKEY=2 | "Decreass by 2%

Notiised ~

andh .

-7 |'NGKEY=1 - -

|- Increase by.50% ehsucxty for :umly

curve type 2

*|"NGREY =2

Decreasc by 50% ehsucuy for supply
curve type 2

.| NGKEY=3.." .

Jnmseby 50% elasucxty for supply
curve type3 o

-NG‘KBY.—M,‘;:

Decrease by 50% elasumy for mpply
-curve type 3

"7.| NGREY =5 R

“{ ‘Increase middle segmem of supply curve
_'type 3byS0% -

| NokEY =6

* Decrease middle segment of supply

curve type 3 by 50%-
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SENSITIVITY PARAMETER LISTING
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Parameter Switch "Key
Percentage discount off of | NGCATG = 19 NGKEY =1 Increase by 25%
industrial
NGKEY =2 Decrease by 25%
Residential demand at node NGCATG = 20 NGKEY =1 Increase by 0.5% per year 1996-
3 S : _ 2010
' ~ NGKEY =2 Decrease by 0:5% per year 1996-
o® : 2010 ‘ ;
Utility demasd 'NGCATG =21 NGKEY = 1 Increase by 0.5% per year 1996-
. ’ . : 2010
A -
= NGKEY =2 ‘Decrease by 0.5% per year 1996-
' 2010 . N .
-Increment to TOM (Total | TOMSWT =0 . No incremental cost in TOM
Operation and Maintenance “ | (set in PTARIFF) .
Expenditure) in NGPTM "~ - =
) TOMSWT =1 TOMINC! incremental cost of existing =
(set in PTARIFF) (set in PTARIFF) pipelines—- user specified @i.c.,
I 150000000 $1993)
. and/or . - .
. incremental cost of entire industry
TOMINC2 : *(both existing and generic pipeline)-
(set in PTARIFF) user specified (i.e., 1000000000
, $1993). ‘ .




