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Contact Information

The Natural Gas Transmission and Distribution Module (NGTDM) of the National Energy
Modeling System is developed and maintained by the U.S. Energy Information Administration
(EIA), Office of Integrated Analysis and Forecasting. General questions about the use of the
model can be addressed to Michael Schaal (202) 586-5590, Director of the Qil and Gas Division.
Specific questions concerning the NGTDM may be addressed to:

Joe Benneche, EI-83

Forrestal Building, Room 2H026
1000 Independence Ave., S.W.
Washington, DC 20585
(202/586-6132)
Joseph.Benneche@eia.doe.gov

This report documents the archived version of the NGTDM that was used to produce the natural
gas forecasts presented in the Annual Energy Outlook 2010, (DOE/EI1A-0383(2010). 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 approach, and provides detail
on the methodology employed.

The model documentation is updated annually to reflect significant model methodology and
software changes that take place as the model develops. Significant formatting changes and
updates were implemented in this version of the documentation by Margaret Leddy. The next
version of the documentation is planned to be released in the first quarter of 2011.
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Update Information

This edition of the model documentation of the Natural Gas Transmission and Distribution
Module (NGTDM) reflects changes made to the module over the past year for the Annual

Energy Outlook 2010. Aside from general data and parameter updates, the notable changes
include:

e Added algorithm for assessing the potential penetration of compressed natural gas for
personal vehicles at retail refueling stations and for adjusting the price accordingly.

e Reestimated equations for distributor tariffs and Canadian natural gas supply.

e Updated coalbed and shale undiscovered resource assumptions in Canada.
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1. Background/Overview

The Natural Gas Transmission and Distribution Module (NGTDM) is the component of the
National Energy Modeling System (NEMS) that is used to represent the U.S. domestic natural
gas transmission and distribution system. NEMS was developed by the Office of Integrated
Analysis and Forecasting of the U.S. Energy Information Administration (EIA). NEMS is the
third in a series of computer-based, midterm energy modeling systems used since 1974 by the
EIA and its predecessor, the Federal Energy Administration, to analyze and project U.S.
domestic energy-economy markets. From 1982 through 1993, the Intermediate Future
Forecasting System (IFFS) was used by the EIA for its integrated analyses. Prior to 1982, the
Midterm Energy Forecasting System (MEFS), an extension of the simpler Project Independence
Evaluation System (PIES), was employed. NEMS was developed to enhance and update EIA’s
modeling capability. Greater structural detail in NEMS permits the analysis of a broader range
of energy issues. While NEMS was initially developed in 1992 the model is updated each year,
from simple historical data updates to complete replacements of submodules.

The time horizon of NEMS is the midterm period that extends approximately 25 years to year
2035. In order to represent the regional differences in energy markets, the component modules
of NEMS function at regional levels appropriate for the markets represented, with subsequent
aggregation/disaggregation to the Census Division level for reporting purposes. The projections
in NEMS are developed assuming that energy markets are in equilibrium* using a recursive price
adjustment mechanism,? as were earlier EIA projection 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 modules represent each of the fuel supply markets, conversion sectors
(e.g., refineries and power generation), and end-use consumption sectors of the energy system.
NEMS also includes macroeconomic and international modules. A routine was also added to the
system that simulates a carbon emissions cap and trade system with annual fees to limit carbon
emissions from energy-related fuel combustion. The primary flows of information between each
of these modules are the delivered prices of energy to the end user and the quantities consumed
by product, Census Division, and end-use sector. The delivered fuel prices encompass all the
activities necessary to produce, import, and transport fuels to the end user. The information
flows also include other data such as economic activity, domestic production activity, and
international petroleum supply availability.

The integrating routine of NEMS controls the execution of each of the component modules. The
modular design provides the capability to execute modules individually, thus allowing
independent analysis with, as well as development of, individual modules. This modularity
allows the use of the methodology and level of detail most appropriate for each energy sector.
Each forecasting year, NEMS solves by iteratively calling each module in sequence (once in

"Markets are said to be in equilibrium when the quantities demanded equal the quantities supplied at the same price; that is, at a
price that sellers are willing to provide the commodity and consumers are willing to purchase the commaodity.

2The central theme of the approach used is that supply and demand imbalances will eventually be rectified through an
adjustment in prices that eliminates excess supply or demand.

*The NEMS is composed of 13 modules including a system integration routine.
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each NEMS iteration) until the delivered prices and quantities of each fuel in each region have
converged within tolerance between the various modules, thus achieving an economic
equilibrium of supply and demand in the consuming sectors. Module solutions are reported
annually through the midterm horizon. A schematic of the NEMS is provided in Figure 1-1,
while a list of the associated model documentation reports is in Appendix C, including a
report providing an overview of the whole system.

Figure 1-1. Schematic of the National Energy Modeling System
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NGTDM Overview

The NGTDM module within the NEMS represents the transmission, distribution, and pricing of
natural gas. Based on information received from other NEMS modules, the NGTDM also
includes representations of the end-use demand for natural gas, the production of domestic
natural gas, and the availability of natural gas traded on the international market. The NGTDM
links natural gas suppliers (including importers) and consumers in the lower 48 States and across
the Mexican and Canadian borders via a natural gas transmission and distribution network, while
determining the flow of natural gas and the regional market clearing prices between suppliers
and end-users. For two seasons of each forecast year, the NGTDM determines the production,
flows, and prices of natural gas within an aggregate representation of the U.S./Canadian pipeline
network, connecting domestic and foreign supply regions with 12 U.S. and 2 Canadian demand
regions. Since the NEMS operates on an annual (not a seasonal) basis, NGTDM results are
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generally passed to other NEMS modules as annual totals or quantity-weighted annual averages.
Since the Electricity Market Module has a seasonal component, peak and off-peak* prices are
also provided for natural gas to electric generators.

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 methodology employed allows for
the analysis of impacts of regional capacity constraints in the interstate natural gas pipeline
network and the identification of primary pipeline and storage capacity expansion requirements.
Key components of interstate pipeline tariffs are projected, along with distributor tariffs.

The lower-48 demand regions represented are the 12 NGTDM regions (Figure 1-2). These
regions are an extension of 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.
Within the U.S. regions, consumption is represented for five end-use sectors: residential,
commercial, industrial, electric generation, and transportation (or natural gas vehicles), with the

Figure 1-2. Natural Gas Transmission and Distribution Module (NGTDRM) Regions
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industrial and electric generator sectors further distinguished by core and noncore segments.
One or more domestic supply regions are represented in each of the 12 NGTDM regions.
Canadian supply and demand are represented by two interconnected regions -- East Canada and
West Canada -- which connect to the lower 48 regions via seven border crossing nodes. The
demarcation of East and West Canada is at the Manitoba/Ontario border. In addition, the model
accounts for the potential construction of a pipeline from Alaska to Alberta and one from the
MacKenzie Delta to Alberta, if market prices are high enough to make the projects economic.

*The peak period covers the period from December through March; the off-peak period covers the remaining months.
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The representation of the natural gas market in Canada is much less detailed than for the United
States since the primary focus of the model is on the domestic U.S. market. Liquefied natural
gas imports into North America are modeled for the four existing facilities as of 2004, seven
potentially new generic liquefied natural gas import regions directly into the United States (2004
and beyond), a potential import point in the Bahamas, potential import points in eastern and
western Canada, and in western Mexico (if destined for the United States).> Any new LNG
facilities built since 2004 or under construction are forced in the model as planned expansions.
Finally, LNG exports from Alaska’s Nikiski plant are included, as well as three import/export
border crossings at the Mexican border.

The module consists of three major components: the Interstate Transmission Submodule (ITS),
the Pipeline Tariff Submodule (PTS), and the Distributor Tariff Submodule (DTS). The ITS is
the integrating submodule of the NGTDM. It simulates the natural gas price determination
process by bringing together all major economic factors that influence regional natural gas trade
in the United States, including pipeline and storage capacity expansion decisions. The Pipeline
Tariff Submodule (PTS) generates a representation of tariffs for interstate transportation and
storage services, both existing and expansions. The Distributor Tariff Submodule (DTS)
generates markups for distribution services provided by local distribution companies and for
transmission services provided by intrastate pipeline companies. The modeling techniques
employed are: a heuristic/iterative process for the ITS, an accounting algorithm for the PTS, and
a series of historically based and econometrically based equations for the DTS.

NGTDM Objectives

The purpose of the NGTDM is to derive natural gas delivered and wellhead prices, as well as
flow patterns for movements of natural gas through the regional interstate network. Although
the NEMS operates on an annual basis, the NGTDM was designed to be a two-season model, to
better represent important features of the natural gas market. 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 representations of the key features of the transmission and distribution
network are the focus of the various components of the NGTDM. These key modeling
objectives/capabilities include:

e Represent interregional flows of gas and pipeline capacity constraints

e Represent regional and import supplies

e Determine the amount and the location of required additional pipeline and storage
capacity on a regional basis, capturing the economic tradeoffs between pipeline and
storage capacity additions

e Provide a peak/off-peak, or seasonal analysis capability

e Represent transmission and distribution service pricing

The LNG imports into Mexico to serve the Mexico market are set exogenously.
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Overview of the Documentation Report

The archived version of the NGTDM that was used to produce the natural gas forecasts used in
support of the Annual Energy Outlook 2010, DOE/EIA-0383(2010) is documented in this report.
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 assumptions. It is
intended to fulfill the legal obligation of the EIA to provide adequate documentation in support
of its models (Public Law 94-385, Section 57.b.2). Subsequent chapters of this report provide:

e A description of the interface between the NEMS and the NGTDM and the representation
of demand and supply used in the module (Chapter 2)

An overview of the solution methodology of the NGTDM (Chapter 3)

The solution methodology for the Interstate Transmission Submodule (Chapter 4)

The solution methodology for the Distributor Tariff Submodule (Chapter 5)

The solution methodology for the Pipeline Tariff Submodule (Chapter 6)

A description of module assumptions, inputs, and outputs (Chapter 7).

The archived version of the model is available through the National Energy Information Center
(202-586-8800, infoctr@eia.doe.gov) and is identified as NEMS2010 (part of the National
Energy Modeling System archive package as archived for the Annual Energy Outlook 2010,
DOE/EIA-0383(2010)).

The document includes a number of appendices to support the material presented in the main
body of the report. Appendix A presents the module abstract. Appendix B lists the major
references used in developing the NGTDM. Appendix C lists the various NEMS Model
Documentation Reports for the various modules that are mentioned throughout the NGTDM
documentation. A mapping of equations presented in the documentation to the relevant
subroutine in the code is provided in Appendix D. Appendix E provides a mapping between the
variables that are assigned values through READ statements in the module and the data input
files that are read. The input files contain detailed descriptions of the input data, including
variable names, definitions, sources, units and derivations.® Appendix F documents the
derivation of all empirical estimations used in the NGTDM. Variable cross-reference tables are
provided in Appendix G. Finally, Appendix H contains a description of the algorithm used to
project new coal-to-gas plants and the pipeline quality gas produced.

®The NGTDM data files are available upon request by contacting Joe Benneche at Joseph.Benneche@eia.doe.gov or (202) 586-
6132. Alternatively an archived version of the NEMS model (source code and data files) can be downloaded from
ftp://ftp.eia.doe.gov/pub/oiaf/aeo.
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2. Demand and Supply Representation

This chapter describes how supply and demand are represented within the NGTDM and the basic
role that the Natural Gas Transmission and Distribution Module (NGTDM) fulfills in the NEMS.
First, a general description of the NEMS is provided, along with an overview of the NGTDM.
Second, the data passed to and from the NGTDM and other NEMS modules is described along
with the methodology used within the NGTDM to transform the input values prior to their use in
the model. The natural gas demand representation used in the module is described, followed by
a section on the natural gas supply interface and representation, and concluding with a section on
the representation of demand and supply in Alaska.

A Brief Overview of NEMS and the NGTDM

The NEMS represents all of the major fuel markets (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 nine Census Divisions, accounting for the price responsiveness in both
energy production and end-use demand, and for the interfuel substitution possibilities. NEMS
solves for equilibrium in each forecast year by iteratively operating a series of fuel supply and
demand modules to compute the end-use prices and consumption of the fuels represented,
effectively finding the intersection of the theoretical supply and demand curves reflected in these
modules.” The end-use demand modules (for the residential, commercial, industrial, and
transportation sectors) are detailed representations 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 modules 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 modules determine the end-use prices needed in order to supply the amount of fuel
demanded by the customers, as determined by the demand modules. 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.
Electric generators and refineries are both suppliers and consumers of energy.

Within the NEMS system, the NGTDM provides the interface for natural gas between the Oil
and Gas Supply Module (OGSM) and the demand modules in NEMS, including the Electricity
Market Module (EMM). Since the other modules provide little, if any, information on markets
outside of the United States, the NGTDM uses supply curves for liquefied natural gas (LNG)
imports based on output results from EIA’s separate International Natural Gas Model (INGM)
and includes a simple representation of natural gas markets in Canada and Mexico in order to
project LNG and pipeline import levels into the United States. The NGTDM determines the
price and flow of dry natural gas supplied internationally from the contiguous U.S. border® or

"A more detailed description of the NEMS system, including the convergence algorithm used, can be found in “Integrating
Module of the National Energy Modeling System: Model Documentation 2009.” DOE/EIA-M057(2009), May 2009 or “The
National Energy Modeling System: An Overview 2009,” DOE/EIA-0581(2009), October 2009.

8Natural gas exports are also represented within the model.
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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 (pipeline
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 modules
in NEMS, the Petroleum Market Module (PMM) and the OGSM are depicted in Figure 2-1.

Figure 2-1. Primary Data Flows Between Oil and Gas Wiodules of NWENMS
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In each NEMS iteration, the demand modules in NEMS provide the level of natural gas that
would be consumed at the burner-tip in each region by the represented sector at the delivered
price set by the NGTDM in the previous NEMS iteration. At the beginning of each forecast
year, the OGSM provides an expected level of natural gas produced (domestically or
conventionally in Western Canada) at the wellhead given the oil and gas wellhead prices from
the previous forecast year. The NGTDM uses this information to build “short-term” (annual or
seasonal) supply and demand curves to approximate the supply or demand response to price.
Given these short-term demand and supply curves, the NGTDM solves for the delivered,
wellhead, and border prices that represent a natural gas market equilibrium, while accounting for

®Because of the distinct separation in the natural gas market between Alaska, Hawaii, and the contiguous United States, natural
gas consumption in, and the associated supplies from, Alaska and Hawaii are modeled separately from the contiguous United
States within the NGTDM.
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the costs and market for transmission and distribution services (including its physical and
regulatory constraints).’® These solution prices, and associated production levels, are in turn
passed to the OGSM and the demand modules, including the EMM, as primary input variables
for the next NEMS iteration and/or forecast year. Most of the calculations within OGSM are
performed only once each NEMS iteration, after the NEMS has equilibrated. Information from
OGSM is passed as needed to the NGTDM to solve for the following forecast year.

The NGTDM is composed of three primary components or submodules: the Interstate
Transmission Submodule (ITS), the Pipeline Tariff Submodule (PTS), and the Distributor Tariff
Submodule (DTS). The ITS is the central module of the NGTDM, since it is used to derive
network flows and prices of natural gas in conjunction with a peak** and off-peak natural gas
market equilibrium. Conceptually the ITS is a simplified representation of the natural gas
transmission and distribution system, structured as a network composed of nodes and arcs. The
other two primary components serve as satellite submodules to the ITS, providing parameters
which define the tariffs to be charged along each of the interregional, intraregional, intrastate,
and distribution segments. Data are also passed back to these satellite submodules from the ITS.
Other parameters for defining the natural gas market (such as supply and demand curves) are
derived based on information passed primarily from other NEMS modules. However in some
cases, supply (e.g., synthetic gas production) and demand components (e.g., pipeline fuel) are
modeled exclusively in the NGTDM.

The NGTDM is called once each NEMS iteration, but all submodules are not run for every call.
The PTS is executed only once for each forecast year, on the first iteration of each year. The ITS
and the DTS are executed once every NEMS iteration. The calling sequence of and the
interaction among the NGTDM modules is as follows for each forecast year executed in NEMS:

First Iteration:

a. The PTS determines the revenue requirements associated with interregional / interstate
pipeline company transportation and storage services, using a cost based approach, and
uses this information and cost of expansion estimates as a basis in establishing fixed rates
and volume dependent tariff curves (variable rates) for pipeline and storage usage.

b. The ITS establishes supply levels (e.g., for supplemental supplies) and supply curves for
production and LNG imports based on information from other modules.

Each Iteration:

a. The DTS sets markups for intrastate transmission and for distribution services using
econometric relationships based on historical data, largely driven by changes in
consumption levels.

b. The ITS processes consumption levels from NEMS demand modules as required, (e.qg.,
annual consumption levels are disaggregated into peak and off-peak levels) before
determining a market equilibrium solution across the two-period NGTDM network.

Oparameters are provided by OGSM for the construction of supply curves for domestic non-associated and conventional
Western Canadian natural gas production. The use of demand curves in the NGTDM is an option; the model can also respond to
fixed consumption levels.

“The peak period covers the period from December through March; the off-peak period covers the remaining months.

U.S. Energy Information Administration /
NEMS Model Documentation 2010: Natural Gas Transmission and Distribution Module 8



C. The ITS employs an iterative process to determine a market equilibrium solution which
balances the supply and demand for natural gas across a U.S./Canada network, thereby
setting prices throughout the system and production and import levels. This operation is
performed simultaneously for both the peak and off-peak periods.

Last Iteration:

a. In the process of establishing a network/market equilibrium, the ITS also determines the
associated pipeline and storage capacity expansion requirements. These expansion levels
are passed to the PTS and are used in the revenue requirements calculation for the next
forecast year. One of the inputs to the NGTDM is “planned” pipeline and storage
expansions. These are based on reported pending and commenced construction projects
and analysts’ judgment as to the likelihood of the project’s completion. For the first two
forecast years, the model does not allow builds beyond these planned expansion levels.

b. Other outputs from NGTDM are passed to report writing routines.

For the historical years (1990 through 2008), a modified version of the above process is followed
to calibrate the model to history. Most, but not all, of the model components are known for the
historical years. In a few cases, historical levels are available annually, but not for the peak and
off-peak periods (e.g., the interstate flow of natural gas and regional wellhead prices). The
primary unknowns are pipeline and storage tariffs and market hub prices. When prices are
translated from the supply nodes, through the network to the end-user (or city gate) in the
historical years, the resulting prices are compared against published values for city gate prices.
These differentials (benchmark factors) are carried through and applied during the forecast years
as a calibration mechanism. In the most recent historical year (2008) even fewer historical
values are known; and the process is adjusted accordingly.

The primary outputs from the NGTDM, which are used as input in other NEMS modules, result
from establishing a natural gas market equilibrium solution: delivered prices, wellhead and
border crossing prices, non-associated natural gas production, and Canadian and LNG import
levels. In addition, the NGTDM provides a forecast of lease and plant fuel consumption,
pipeline fuel use, as well as pipeline and distributor tariffs, pipeline and storage capacity
expansion, and interregional natural gas flows.

Natural Gas Demand Representation

Natural gas produced within the United States is consumed in lease and plant operations,
delivered to consumers, exported internationally, or 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 and in natural gas processing plants is set equal to a
historically observed percentage of dry gas production.* Pipeline fuel use depends on the

>The regional factors used in calculating lease and plant fuel consumption (PCTLP) are initially based on historical averages
(1996 through 2008) and held constant throughout the forecast period. However, a model option allows for these factors to be
scaled in the first one or two forecast years so that the resulting national lease and plant fuel consumption will match the annual
published values presented in the latest available Short-Term Energy Outlook (STEO), DOE/EIA-0202), (Appendix E,
STQLPIN). The adjustment attributable to benchmarking to STEO (if selected as an option) is phased out by the year
STPHAS_YR (Appendix E). For AEO2010 these factors were phased out by 2013. A similar adjustment is performed on the
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amount of gas flowing through each region, as described in Chapter 4. The representation in the
NGTDM of gas 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 non-core), reflecting the type of natural gas transmission and distribution service
that is assumed to be predominately purchased. A “core” customer is expected to generally
require guaranteed or firm service, particularly during peak days/periods during the year. A
“non-core” customer is expected to require a lower quality of transmission services (non-firm
service) and therefore, consume gas under a less certain and/or less continuous basis. While
customers are distinguished by customer class for the purpose of assigning different delivered
prices, the NGTDM does not explicitly distinguish firm versus non-firm transmission service.
Currently in NEMS, all customers in the transportation, residential, and commercial sectors are
classified as core.™* Within the industrial sector the non-core segment includes the industrial
boiler market and refineries; the core makes up the rest. The electric generating units defining
each of the two customer classes modeled are as follows: (1) core — gas steam units or gas
combined cycle units, (2) non-core — dual-fired turbine units, gas turbine units, or dual-fired
steam plants (consuming both natural gas and residual fuel oil). °

For any given NEMS iteration and forecast year, the individual demand modules in NEMS
determine the level of natural gas consumption for each region and customer class given the
delivered 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 as a basis for building an
annual demand curve. [The price elasticities are set to zero if fixed consumption levels are to be
used.] These curves are used 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 module during the next NEMS
iteration to determine the consumption level that the module would actually forecast at this price.
Once the NEMS converges, the difference between the actual consumption, as determined by the
NEMS demand modules, and the approximated consumption levels in the NGTDM are
insignificant.

factors used in calculating pipeline fuel consumption using STEO values from STQGPTR (Appendix E).

BNatural gas burned in the transportation sector is defined as compressed natural gas or liquefied natural gas that is burned in
natural gas vehicles; and the electric generation sector includes all electric power generators whose primary business is to sell
electricity, or electricity and heat, to the public, including combined heat and power plants, small power producers, and exempt
wholesale generators.

“The NEMS is structurally able to classify a segment of these sectors as non-core, but currently sets the non-core consumption
at zero for the residential, commercial, and transportation sectors.

SCurrently natural gas prices for the core and non-core segments of the electric generation sector are set to the same average
value.
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For all but the electric sector, the NGTDM disaggregates the annual Census division regional
consumption levels into the regional and seasonal representation that the NGTDM requires. The
regional representation for the electric generation sector differs from the other NEMS sectors as
described below.

Regional/Seasonal Representations of Demand

Natural gas consumption levels by all non-electric*® sectors are provided by the NEMS demand
modules for the nine Census divisions, the primary integrating regions represented in the NEMS.
Alaska and Hawaii are included within the Pacific Census Division. The EMM represents the
electricity generation process for 13 electricity supply regions, the nine North American Electric
Reliability Council (NERC) Regions and four selected NERC Subregions (Figure 2-2). Within
the EMM, the electric generators’ consumption of natural gas is disaggregated into subregions
that can be aggregated into Census Divisions or into the regions used in the NGTDM.

Figure 2-2. Electricity Market Module (EMM) Regions
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1 East Central Area Reliability Coordination Agr {(ECAR) 8 Florida Reliability Coordinating Council (FL)
2 Electric Reliability Council of Texas (ERCOT) 9 Southeastern Electric Reliability Council (SERC)
3 Mid-Atlantic Area Council (MAAC) 10 Southwest Power Pool (SPP)
4 Mid-America Interconnected Network [MAIN) 11 Northwest Power Pool (NWP)
5 Mid-Continent Area Power Pool (MAPP) 12. Rocky Mountain Power Area, Arizona, New Mexico, and
6. New York (NY) Southern Nevada (RA)
7. New England (NE) 13 California (CA)

%The term “non-electric” sectors refer to sectors (other than commercial and industrial combined heat and power generators)
that do not produce electricity using natural gas (i.e., the residential, commercial, industrial, and transportation demand sectors).
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With the few following exceptions, the regional detail provided at a Census division level is
adequate to build a simple network representative of the contiguous U.S. natural gas pipeline
system. First, Alaska is not connected to the rest of the Nation by pipeline and is 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 NGTDM are referred to as the “NGTDM Regions” (as shown in
Figure 1-2).

The regions represented in the EMM do not always align 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 a seventeen subregional
(NGTDM/EMM) level which allows for a reasonable regional mapping between the EMM and
the NGTDM regions (Figure 2-3). The seventeenth region is Alaska. Within the EMM, the
disaggregation into subregions is based on the relative geographic location (and natural gas-fired
generation capacity) of the current and proposed electricity generation plants within each region.

Figure 2-3. NGTDM/EMM Regions

12

Annual consumption levels for each of the non-electric sectors are disaggregated from the nine
Census divisions to the two seasonal periods and the twelve NGTDM regions by applying
average historical shares (2001 to 2008) that are held constant throughout the forecast (census —
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NG_CENSHR, seasons — PKSHR DMD). For the Pacific Division, natural gas consumption
estimates for Alaska are first subtracted to establish a consumption level for just the contiguous
Pacific Division before the historical share is applied. The consumption of gas in Hawaii was
considered to be negligible and is not handled separately. Within the NGTDM, a relatively
simple series of equations (described later in the chapter) was included for approximating the
consumption of natural gas by each non-electric sector in Alaska. These estimates, combined
with the levels provided by the EMM for consumption by electric generators in Alaska, are used
in the calculation of the production of natural gas in Alaska.

Unlike the non-electric sectors, the factors (core — PKSHR_UDMD _F, non-core —
PKSHR_UDMD _I) for disaggregating the annual electric generator sector consumption levels
(for each NGTDM/EMM region and customer type — core and non-core) into seasons are
adjusted over the forecast period. Initially average historical shares (1994 to 2008, except for
New England — 1997 to 2008) are established as base level shares (core — BASN PKSHR UF,
non-core — BASN PKSHR UI). These are increased each year of the forecast by 0.5 percent,
not to exceed 32 percent of the year.*’

Natural Gas Demand Curves

While the primary analysis of energy demand takes place in the NEMS demand modules, the
NGTDM itself directly incorporates price responsive demand curves to speed the overall
convergence of NEMS and to improve the quality of the results obtained when the NGTDM is
run as a stand-alone model. The NGTDM may also be executed to determine delivered prices
for fixed consumption levels (represented by setting the price elasticity of demand in the demand
curve equation to zero). The intent is to capture relatively minor movements in consumption
levels from the provided base levels in response to price changes, not to accurately mimic the
expected response of the NEMS demand modules. The form of the demand curves for the firm
transmission service type for each non-electric sector and region is:

NGDMD_CRVF,, =BASQTY_F,,* (PR / BASPR_F,, ) o""-F-4%-F (1)
where,
BASPR_F;, = delivered price to core sector s in NGTDM region r in the previous
NEMS iteration (1987 dollars per Mcf)
BASQTY_Fs, = natural gas quantity which the NEMS demand modules indicate
would be consumed at price BASPR_F by core sector s in
NGTDM region r (Bcf)
NONU_ELAS Fs = short-term price elasticity of demand for core sector s (set to zero
for AEO2009)
PR = delivered price at which demand is to be evaluated (1987 dollars
per Mcf)

NGDMD_CRVFs, = estimate of the natural gas which would be consumed by core
sector s in region r at the price PR (Bcf)

"The peak period covers 33 percent of the year.
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s = core sector (1-residential, 2-commercial, 3-industrial, 4-
transportation)

Note: Demand curves can be represented with fixed consumption levels by setting elasticities
equal to zero.

The form of the demand curve for the non-electric interruptible transmission service type is
identical, with the following variables substituted: NGDMD_CRVI, BASPR_I, BASQTY _I, and
NONU_ELAS | (all set to zero for AEO2010). For the electric generation sector the form is
identical as well, except there is no sector index and the regions represent the 16 NGTDM/EMM
lower 48 regions, not the 12 NGTDM regions. The corresponding set of variables for the core
and non-core electric generator demand curves are [NGUDMD_CRVF, BASUPR_F,
BASUQTY_F, UTIL_ELAS_F] and [NGUDMD_CRVI, BASUPR_I, BASUQTY _,
UTIL_ELAS 1], respectively. For the AEO2010 all of the electric generator demand curve
elasticities were set to zero.

Domestic Natural Gas Supply Interface and Representation

The primary categories of natural gas supply represented in the NGTDM are non-associated and
associated-dissolved gas from onshore and offshore U.S. regions; pipeline imports from Mexico;
Eastern, Western (conventional and unconventional), and Arctic Canada production; LNG
imports; natural gas production in Alaska (including that which is transported through Canada
via pipeline®®); synthetic natural gas produced from coal and from liquid hydrocarbons; and
other supplemental supplies. Outside of Alaska (which is discussed in a later section) 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 the non-associated gas from onshore and
offshore U.S. regions, conventional gas from the Western Canada region, and LNG imports.*®
The supply levels for the remaining categories are fixed at the beginning of each forecast year
(i.e., before market clearing prices are determined), with the exception of associated-dissolved
gas (determined in OGSM).?® With the exception of LNG, the NGTDM applies average
historical relationships to convert annual “fixed” supply levels to peak and off-peak values.
These factors are held constant throughout the forecast period.

Within the OGSM, natural gas supply activities are modeled for 12 U.S. supply regions (6
onshore, 3 offshore, and 3 Alaskan geographic areas). The six onshore OGSM regions within
the contiguous United States, shown in Figure 2-4, do not generally share common borders with
the NGTDM regions. The NGTDM represents onshore supply for the 17 regions resulting from

8with the recent high natural gas prices several different options have been proposed for bringing stranded natural gas in
Alaska to market (i.e., by pipeline, as LNG, and as liquids). The LNG option was deemed the least likely and is not considered in
the model. The Petroleum Market Module forecasts the potential conversion of Alaska natural gas into liquids. The NGTDM
allows for the building of a generic pipeline from Alaska into Alberta, although not at the same time as a MacKenzie Valley
pipeline. The pipeline is assumed to have first access to the currently proved reserves in Alaska which are assumed to be
producible at a relatively low cost given their association with oil production.

% iquefied natural gas imports are set based on the price in the previous NEMS iteration and are effectively “fixed” when the
NGTDM determines a natural gas market equilibrium solution; whereas the other two categories are determined as a part of the
market equilibrium process in the NGTDM.

2For programming convenience natural gas produced with oil shales (OGSHALENG) is also added to this category.
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overlapping the OGSM and NGTDM regions (Figure 2-5). A separate component of the
NGTDM models the foreign sources of gas that are transported via pipeline from Canada?* and
Mexico. Seven Canadian and three Mexican border crossings demarcate the foreign pipeline
interface in the NGTDM. Supplies from the four existing onshore domestic LNG regasification
terminals as of 2007 are represented as specific supply sources in the NGTDM. The model sets
and/or adds additional LNG regasification capacity in each of the coastal NGTDM regions
consistent with completed and highly likely to be completed projects (i.e., ones that are currently
under construction).?

Figure 2-4. Oil and Gas Sapply Module (OGSM) Regions

Atlantic -7

Gulf of Mexico -9

“Variable” Dry Natural Gas Production Supply Curve

The two “variable” (or price responsive) natural gas supply categories represented in the model
are domestic non-associated production and total production from the Western Canadian
Sedimentary Basin (WCSB). Non-associated natural 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.
Associated-dissolved gas is defined as gas that is produced from oil wells and can be classified

ZConventional gas from Western Canada is modeled in the OGSM. The rest of the Canadian supplies are modeled in the
NGTDM.

Zgtrycturally an LNG regasification terminal in the Bahamas would be represented as entering into Florida and be reported as
pipeline imports, although modeled as LNG imports. No regasification terminals are considered for Alaska or Hawaii.
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as a byproduct in the oil production process. Each domestic supply curve is defined through its
associated parameters as being net of lease and plant fuel consumption (i.e., the amount of dry
gas available for market after any necessary processing and before being transported via
pipeline). For both of these categories, the supply curve represents annual production levels.
The methodology for translating this annual form into a seasonal representation is presented in
Chapter 4.

Figure 2-5. NGTDM/OGSM Regions
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The supply curve for regional non-associated lower 48 natural gas production and for WCSB
production is built from a price/quantity (P/Q) pair, where quantity is the “expected” production
(XQBASE) or the base production level as defined by the product of reserves times the
“expected” production-to-reserves ratio (as set in the OGSM) and price is the projected wellhead
price (XPBASE, presented below) for the expected production. The basic assumption behind the
curve is that the realized market price will increase from the base price if the current year’s
production levels exceed the expected production; and the opposite will occur if current
production is less. In addition, it is assumed that the relative price response will likely be greater
for a marginal increase in production above the expected production, compared to below. To
represent these assumptions, five segments of the curve are defined from the base point. The
middle segment is centered around the base point, extends plus or minus a percent
(PARM_SUPCRV3, Appendix E) from the base quantity, and if activated, is generally set nearly
horizontal (i.e., there is little price response to a quantity change). The next two segments, on
either side of the middle, extend more vertically (with a positive slope), and reach plus or minus
a percent (PARM_SUPCRVS5, Appendix E) beyond the end of the middle segment. The

U.S. Energy Information Administration /
NEMS Model Documentation 2010: Natural Gas Transmission and Distribution Module 16



remaining two segments extend the curve above and below even further, for the case with
relatively large annual production changes, and can be assigned the same or different slopes from
their adjacent segments. The slope of the upper segment(s) is generally set greater than or equal
to that of the lower segment(s). An illustrative presentation of the supply curve is provided in
Figure 2-6. The general structure for all five segments of the supply curve, in terms of defining
price (NGSUP_PR) as a function of the quantity or production level (QVAR), is:

NGSUP_PR = PBASE * (((

1

QVAR - QBASE

)*(

ELAS QBASE

))+1)

()

A more familiar form of this equation is the definition of the elasticity (§) as: &= (AQ/Q,) /
(AP/P,), where A symbolizes “the change in” and Q, and P, represent a base level price/quantity

pair.

Each of the five segments is assigned different values for the variables ELAS, PBASE, and

QBASE:

Price

ELAS =
PARM_SUPELAS,

Figure 2-6. Generic Supply Curve
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Lowest segment:

PBASE = CPBASE = APBASE*(1-

(PARM_SUPCRV5/PARM_SUPELAS?) @)
QBASE = CQBASE = AQBASE*(1- PARM_SUPCRVS5) 4)
ELAS=PARM_SUPELAS1=0.75 (5)
Lower segment:
PBASE = APBASE = XPBASE*
(1- (PARM_SUPCRV3/PARM_SUPELAS3)) ©)
QBASE = AQBASE = XQBASE*(1-PARM_SUPCRV?3) @)
ELAS=PARM_SUPELAS2=0.75 (8)
Middle segment:
(in historical years)
PBASE = XPBASE = historical wellhead price 9)
QBASE = XQBASE = QSUPs/(1- PERCNT?) (10)
(in forecast years)
PBASE = XPBASE (11)

XPBASE = ¢ 1067% x JGRRESSHR 26338%
0EXSPEND t710.190494 * HDD 882912
ZOGRESNG, "% * ol T_WOP, ™" *
ZWPRL AGSO'398350 * o ~10.6700*-0.398350 12
UGRRESSHRLAG —0.398350*0.633804 % 0EXSPEND t_2,0.398350ﬂ90494 «
HDD 0393500882912 % 7\ SRESNGL AGL, ~0.398350*-0.014253

—0.398350*0.279016
olT_WOP, ,
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Upper segment:

Uppermost segment:

QBASE = XQBASE = ZOGRESNGs* ZOGPRRNGs (13)
ELAS=PARM_SUPELAS3=4.00 (14)
PBASE = BPBASE = XPBASE*

(1+ (PARM_SUPCRV3/PARM_SUPELAS?3)) (19)
QBASE = BQBASE = XQBASE *(1+ PARM_SUPCRV3) (16)
ELAS=PARM_SUPELAS4 =0.75 @17)
PBASE = DPBASE = BPBASE *

(1+ (PARM_SUPCRV5/PARM_SUPELASA4)) (18)
QBASE = DQBASE = BQBASE * (1+ PARM_SUPCRVY5) (19)
ELAS = PARM_SUPELAS5=0.25 (20)

where,
NGSUP_PR
QVAR
XPBASE

XQBASE
PBASE
QBASE

ELAS

PARM_SUPCRV3
PARM_SUPCRV5
PARM_SUPELAS

ZWPRLAG;
ZOGTAXPREM;
ZOGRESNG;
ZOGRESNGLAGI,
ZOGPRRNG:;

UGGRESSHR
UGGRESSHRLAG

Wellhead price (1987%$/Mcf)

Production, including lease & plant (Bcf)

Base wellhead price on the supply curve (Table F11, Appendix F)
(1987%/Mcf)

Base wellhead production on the supply curve (Bcf)

Base wellhead price on a supply curve segment (1987$/Mcf)

Base wellhead production on a supply curve segment (Bcf)
Elasticity (percent change in quantity over percent change in price)
(analyst judgment)

(defined in preceding paragraph)

(defined in preceding paragraph)

Elasticity (percentage change in quantity over percentage change
in price)

Lagged wellhead price for supply source s (1987/Mcf)

Tax stimulation variable provided by OGSM (currently set to zero)
Natural gas proved reserves for supply source s (Bcf)

Natural gas proved reserves in previous forecast year (Bcf)
Natural gas production to reserves ratio for supply sources
(fraction)

Share of gas reserves from unconventional sources (fraction)
Previous year’s share of gas reserves from unconventional sources
(fraction)
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OEXSPEND = National average drilling cost per well (1987 dollars)
HDD = Historical average heating degree days
ZOGRESNG = Beginning-of-year reserves (Bcf)

OGRESNGLAG = Previous year’s beginning-of-year reserves (Bcf)
olT_WOP = International refinery acquisition cost (1987%/bbl)
PERCNT, = Percent lease and plant

s = supply source
n = region/node
t = vyear

The parameters above will be set depending on the location of QVAR relative to the base
quantity (XQBASE) (i.e., on which segment of the curve that QVAR falls). In the above
equation, the QVAR variable includes lease and plant fuel consumption. Since the ITM
domestic production quantity (VALUE) represents supply levels net of lease and plant, this value
must be adjusted once it is sent to the supply curve function, and before it can be evaluated, to
generate a corresponding supply price. The adjustment equation is:

QVAR = (VALUE - FIXSUP) / (1. - PERCNTN)
[where, FIXSUP= ZOGCCAPPRDs * (1.-PERCNTn) ]

where,
QVAR = Production, including lease & plant consumption
VALUE = Production, net of lease & plant consumption
PERCNT, = Percent lease and plant consumption in region/node n (set to
PCTLP, set to zero for Canada)
ZOGCCAPPRDs = Coalbed gas production related to the Climate Change Action Plan
(from OGSM)*
FIXSUP = ZOGCCAPPRD net of lease and plant consumption
s = NGTDM/OGSM supply region
n = region/node

Associated-Dissolved Natural Gas Production

Associated-dissolved natural gas refers to the natural gas that occurs in crude oil reservoirs either
as free gas (associated) or as gas in solution with crude oil (dissolved). The production of
associated-dissolved natural gas is tied directly with the production (and price) of crude oil. The
OGSM projects the level of associated-dissolved natural gas production and the results are
passed to the NGTDM for each iteration and forecast year of the NEMS. Within the NGTDM,
associated-dissolved natural gas production is considered “fixed” for a given forecast year and is
split into peak and off-peak values based on average (1994-2008) historical shares of total
(including non-associated) peak production in the year (PKSHR_PROD).

ZThis special production category is not included in the reserves and production-to-reserve ratios calculated in the OGSM, so it
was necessary to account for it separately when relevant. It is no longer relevant and is set to zero.
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Supplemental Gas Sources

Existing sources for synthetically produced pipeline-quality, natural gas and other supplemental
supplies are assumed to continue to produce at historical levels. While the NGTDM has a new
algorithm (see Appendix H) to project potential new coal-to-gas plants and their gas production,
the annual production of synthetic natural gas from coal at the existing plant is exogenously
specified (Appendix E, SNGCOAL), independent of the price of natural gas in the current
forecast year. The AEO2010 forecast assumes that the sole existing plant (the Great Plains Coal
Gasification Plant in North Dakota) will continue to operate at recent historical levels
indefinitely. Regional forecast values for other supplemental supplies (SNGOTH) are set at
historical averages (2003 to 2007) and held constant over the forecast period. Synthetic natural
gas is no longer produced from liquid hydrocarbons in the continental United States; although
small amounts were produced in Illinois in some historical years. This production level
(SNGLIQ) is set to zero for the forecast. The small amount produced in Hawaii is accounted for
in the output reports (set to the historical average from 1997 to 2007). If the option is set for the
first two forecast years of the model to be calibrated to the Short Term Energy Outlook (STEO)
forecast, then these three categories of supplemental gas are similarly scaled so that their sum
will equal the national annual forecast for total supplemental supplies published in the STEO
(Appendix E, STOGPRSUP). To guarantee a smooth transition, the scaling factor in the last
STEO year can be progressively phased out over the first STPHAS_YR (Appendix E) forecast
years of the NGTDM. Regional peak and off-peak supply levels for the three supplemental gas
supplies are generated by applying the same average (1990-2008) historical share
(PKSHR_SUPLM) of national supplemental supplies in the peak period.

Natural Gas Imports and Exports Interface and Representation

The NGTDM sets the parameters for projecting gas imported through LNG facilities, most of the
parameters and forecast values associated with the Canada gas market, and sets the projected
values for imports from and exports to Mexico. The OGSM sets most of the parameters for
establishing a supply curve for conventional natural gas in Western Canada.

Canada

A node for east and west Canada is included in the NGTDM equilibration network, as well as
seven border crossings. The model includes a representation/accounting of the U.S. border
crossing pipeline capacity, east and west seasonal storage transfers, east and west consumption,
east and west LNG imports (described in a later section), eastern production, conventional/tight
sands production in the west, and coalbed/shale production.

A few of the forecast elements used in representing the Canada gas market are set exogenously
in the NGTDM. When required, such annual forecasts are split into peak and off-peak values
using historically based or assumed peak shares that are held constant throughout the forecast.
For example, the level of natural gas exports (Appendix E, CANEXP) are currently set
exogenously to NEMS, are distinguished by seven Canada/U.S. border crossings, and are split
between peak and off-peak periods by applying average (1992 to 2008, Appendix E,

U.S. Energy Information Administration /
NEMS Model Documentation 2010: Natural Gas Transmission and Distribution Module 21



PKSHR_ECAN) historical shares to the assumed annual levels. While most Canadian import
levels into the U.S. are set endogenously, the flow from Eastern Canada into the East North
Central region is secondary to the flow going in the opposite direction and is therefore set
exogenously (Appendix E, Q23TO3). “Fixed” supply values for the entire Eastern Canada
region are set exogenously (Appendix E, CN_FIXSUP)? and split into peak and off-peak
periods using PKSHR_PROD (Appendix E).

Base level consumption of natural gas in Eastern and Western Canada (Appendix E, CN_DMD),
including gas used in lease, plant, and pipeline operations, is set exogenously,? and ultimately
split into seasonal periods using PKSHR_CDMD (Appendix E). These base level values are
adjusted based on the world oil price. First, the level of natural gas associated with oil sands
processing is set. Next, the projected level of oil produced from sands is set exogenously to the
NGTDM. Starting in a recent historical year (Appendix E, YDCL_GASREQ), the associated
gas requirement is set as an assumed ratio (Appendix E, INIT_GASREQ) of this level. Itis
assumed that over time this ratio will decline with technological improvements and as other fuel
options become viable. The oil sands related gas consumption is subtracted from the base level
total consumption and the remaining volumes are adjusted slightly based on differences in the
world oil price in the model run versus the world oil price used in setting the base level
consumption, using an assumed elasticity (Appendix E, CONNOL_ELAS).

Currently, the NGTDM exogenously sets a forecast of the physical capacity of natural gas
pipelines crossing at seven border points from Canada into the United States (excluding any
expansion related to the building of an Alaska pipeline). This option can also be used within the
model, if border crossing capacity is set endogenously, to establish a minimum pipeline build
level (Appendix E, ACTPCAP and PLANPCAP). The model allows for an endogenous setting
of annual Canadian pipeline expansion at each Canada/U.S. border crossing point based on the
annual growth rate of consumption in the U.S. market it predominately serves. The resulting
physical capacity limit is then multiplied by a set of exogenously specified maximum utilization
rates for each seasonal period to establish maximum effective capacity limits for these pipelines
(Appendix E, PKUTZ and OPUTZ). “Effective capacity” is defined as the maximum seasonal,
physically sustainable, capacity of a pipeline times the assumed maximum utilization rate. It
should be noted that some of the natural gas on these lines passes through the United States only
temporarily before reentering Canada, and therefore is not classified as imports.® If a decision
is made to construct a pipeline from Alaska (or the MacKenzie Delta) to Alberta, the import
pipeline capacity added from the time the decision is made until the pipeline is in service is
tracked. This amount is subtracted from the size of the pipeline to Alberta to arrive at an
approximation for the amount of additional import capacity that will be needed to bring the

*Eastern Canada is expected to continue to provide only a small share of the total production in Canada and is almost
exclusively offshore. The exogenously defined levels are largely based on projections generated by the National Energy Board
of Canada.

ZThese values were based on projections taken from the International Energy Outlook 2009.

2 significant amount of natural gas flows into Minnesota from Canada on an annual basis only to be routed back to Canada
through Michigan. The levels of gas in this category are specified exogenously (Appendix E, FLOW_THRU_IN) and split into
peak and off-peak levels based on average (1990-2008 historically based shares for general Canadian imports (PKSHR_ICAN).
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Alaska or MacKenzie?” gas to the United States. This total volume is apportioned to the pipeline
capacity at the western import border crossings according to their relative size at the time.

The vast majority of natural gas produced in Canada is from the WCSB. Therefore, a more
detailed approach was used in modeling supplies from this region. The OGSM contains a series
of estimated and accounting equations for forecasting conventional (including from tight
formations)? wells drilled, reserves added, reserve levels, and expected production-to-reserve
ratios in the WCSB. These beginning-of-year reserves and the expected production-to-reserve
ratios are used within the NGTDM to build a supply curve for conventional natural gas
production in Western Canada. The form of this supply curve is effectively the same as the one
used to represent non-associated natural gas production in the lower 48 region. This curve is
described later in this chapter, with the exceptions related to Canada noted. A primary difference
is that the supply curve for the lower 48 States represents non-associated natural gas production
net of lease and plant fuel consumption; whereas the Western Canada supply curve represents
total conventional natural gas production inclusive of lease and plant fuel consumption.

Natural gas produced from unconventional sources (coal beds and shale) in Western Canada is
based on an assumed production profile, with the area under the curve equal to the assumed
ultimate recovery (CUR_ULTRES). The production level is initially specified in terms of the
forecast year and is set using one functional form before reaching its peak production level and a
second functional form after reaching its peak production level. Before reaching peak
production, the production levels are assumed to follow a quadratic form, where the level of
production is zero in the first year (LSTYRO) and reaches its peak level (PARMB) in the peak
year (PKIYR). After peak production the production path is assumed to decline linearly to the
last year (LSTYR) when production is again zero. The two curves meet in the peak year
(PKIYR) when both have a value equal to the peak production level (PARMB). The actual
production volumes are adjusted to reflect an assumed technological improvement and by a
factor that depends on the difference between an assumed price trajectory and the actual price
projected in the model. The specifics follow:

Before Peak Production
Assumptions:

CUR_ULTRES*PERRES =

PKIYR (21)
[[PARMA*(PRDIYR ~PKIYR)? + PARMB] dPRDIYR

LSTYRO

ZTAll of the gas from the MacKenzie Delta is not necessarily targeted for the U.S. market directly. Although it is anticipated
that the additional supply in the Canadian system will reduce prices and increase the demand for Canadian gas in the United
States. The methodology for representing natural gas production in the MacKenzie Delta and the associated pipeline is described
in the section titled “Alaskan Natural Gas Routine.”

Zsince current data tend to combine statistics for drilling and production from conventional sources and that from tight gas
formations, the OGSM module does not distinguish the two at present. The conventional resource estimate was increased by 1.5
percent per year as a rough estimate of the future contribution from resource appreciation and from tight formations until more
reliable estimates can be generated. For the rest of the discussion, the use of the term “conventional” should be assumed to
include gas from tight formations.
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0=PARMA*(LSTYRO- PKIYR)*+PARMB

Results:
PRD2 =PARMA*(PRDIYR-PKIYR)?+PARMB

where,
PRD2 = PARMA*(PRDIYR—PKIYR)2 +PARMB

PARMB =-PARMA*(PKIYR-LSTYRO0)®

After Peak Production

Assumptions:

LSTYR
CUR_ULTRES*(1-PERRES) = [[(PARMC*PRDIYR)+PARMD]dPRDIYR

PKIYR

PARMB = (PARMC*PKIYR)+PARMD
0=(PARMC*LSTYR)+PARMD

Results:
PRD2=(PARMC*PRDIYR)+PARMD

where,
_ 2
PARMC — PARMB
2*CUR_ULTRES*(1- PERREYS)

PARMD =-PARMC*LSTYR

given,
CUR_ULTRES=ULTRES*(1+ RESTECH) MOPYR-RESBASD x(1 L RESAD))

and,
PRD2
CUR_ULTRES

Canada sources in the current forecast year (Bcf)
ULTRES

report by ICF).
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Unadjusted Canada unconventional gas production (Bcf)
Estimate of ultimate recovery of natural gas from unconventional

Estimate of ultimate recovery of natural gas from unconventional
Canada sources in the year RESBASE (33,000 Bcf for coalbed in
2002 and 131,000 Bcf for shale in 2011, based on a 2008 INGAA

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

31)

(32)
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RESBASE = Year associated with CUR_ULTRES
RESTECH = Factor to increase resource estimate over time due to technology
(1.0)
MODYR = Current forecast year
RESADJ = Scenario specific resource adjustment factor (default value of 0.0)
PERRES = Percent of ultimate resource produced before the peak year of
production (0.50, fraction)
PKIYR = Assumed peak year of production (2045)
LSTYRO = Last year of zero production (2004)
PRDIYR = Implied year of production along cumulative production path after

price adjustment

The actual production is set by taking the unadjusted unconventional gas production (PRD2) and
multiplying it by a price adjustment factor, as well as a technology factor. The price adjustment
factor (PRCAD)J) is based on the degree to which the actual price in the previous forecast year
compares against a prespecified expected price path (exprc), represented by the functional form:
exprc = (2.7 + [0.03*(MODYR-2008)]. The price adjustment factor is set to the price in the
previous forecast year, times a royalty adjustment factor (ROY_ADJ=0.90),% divided by the
expected price, all raised to the 0.3 power. Technology is assumed to progressively increase
production by 1 percent per year (TECHGRW) more than it would have been otherwise (e.g., in
the fifth forecast year production is increased by 5 percent above what it would have been
otherwise). ** Once the production is established for a given forecast year, the value of PRDIYR
is adjusted to reflect the actual production in the previous year and incremented by 1 for the next
forecast year.

Mexico

The Mexico model is largely based on exogenously specified assumptions about consumption
and production growth rates and LNG import levels. For the most part, natural gas imports from
Mexico are set exogenously for each of the three border crossing points with the United States,
with the exception of any gas that is imported into Baja, Mexico, in liquid form only to be
exported to the United States. Exports to Mexico from the United States are established before
the NGTDM equilibrates and represents the required level to balance the assumed consumption
in (and exports from) Mexico against domestic production and LNG imports. The supply levels
are also largely assumption based, but are set to vary to a degree with changes in the expected
wellhead price in the United States. Peak and off-peak values for imports from and exports to
Mexico are based on average historical shares (1994 or 1991 to 2008, PKSHR_IMEX and
PKSHR_EMEX, respectively).

Mexican gas trade is a highly complex issue. A range of non-economic factors will influence, if
not determine, future flows of gas between the United States and Mexico. Uncertainty

ZIn response the an increase in the Alberta royalty rate, effective starting in 2009, a factor was added to approximate an
expected general decline in incentive to produce gas in Western Canada as a result. Since some activity is expected to shift to
other provinces in the region, the full impact of the average royalty change was not imposed on the whole region.

% |f a rapid or slow technology case is being run, this value is increased or decreased accordingly.
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surrounding Mexican/U.S. trade is great enough that not only is the magnitude of flow for any
future year in doubt, but also the direction of net flows. Despite the uncertainty and the
significant influence of non-economic factors that influence Mexican gas trade with the United
States, a methodology to anticipate the path of future Mexican imports from, and exports to, the
United States has been incorporated into the NGTDM. This outlook is generated using
assumptions regarding regional supply from indigenous production and/or liquefied natural gas
(LNG) and regional/sectoral demand growth for natural gas in Mexico.

Assumptions for the growth rate of consumption (Appendix E, PEMEX_GFAC, IND_GFAC,
ELE_GFAC, RC_GFAC) were based on the projections from the International Energy Outlook
2009. Assumptions about base level domestic production (PRD_GFAC) are based in part on the
same source and analyst judgment. The production growth rate is adjusted using an additive
factor based on the degree to which the average lower 48 wellhead price varies from a set base
price, as follows:

0.03125
pRC_FAC:M.N{(WJ 4 0.05} @)
4.29
where,
PRC_FAC = Factor to add to assumed base level production growth rate
(PRD_GFAC)
OGWPRNG = Lower 48 average natural gas wellhead price in the current forecast
year (1987$/Mcf)
4.29 = Fixed base price, approximately equal to the average lower 48
natural gas wellhead price over the projection period (1987$/Mcf),
[set in the code and converted at $6.00 (2001$/Mcf)]
0.03125 = An assumed parameter
0.05 = Assumed minimum price factor

The volumes of LNG imported into Mexico for use in the country are initially set exogenously
(Appendix E, MEXLNG). However, these values are scaled back if the projected total volumes
available to North America (see below) are not sufficient to accommodate these levels. LNG
imports into Baja destined for the U.S. are set endogenously with the LNG import volumes for
the rest of North America, as discussed below. Finally, any excess supply in Mexico is assumed
to be available for export to the United States, and any shortfall is assumed to be met by imports
from the United States

Liquefied Natural Gas

LNG imports are set at the beginning of each NEMS iteration within the NGTDM by evaluating
seasonal supply curves, based on outputs from EIA’s International Natural Gas Model (INGM),
at associated regasification tailgate prices set in the previous NEMS iteration. LNG exports to
Japan from Alaska are set exogenously by OGSM through Spring of 2011 when the Kenai
Peninsula LNG plant’s export license will expire. The NGTDM does not assume or project
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additional LNG exports from Alaska.®* LNG import levels are established for each region, and
period (peak and off-peak) The basic process is as follows for each NEMS iteration (except for
the first step): 1) at the beginning of each forecast year set up LNG supply curves for eastern
and western North America for each period (peak and off-peak), 2) using the supply curves and
the quantity-weighted average regasification tailgate price from the previous NEMS iteration,
determine the amount of LNG available for import into North America, 3) subtract the volumes
that are exogenously set and dedicated to the Mexico market (unless they exceed the total), and
4) allocate the remaining amount to the associated LNG terminals using a share based on the
regasification capacity, the volumes imported last year, and the relative prices.

The LNG supply curves are developed off of a base price/quantity pair (Appendix E, LNGPPT,
LNGQPT) from a reference case run of the INGM, using the same, or very similar, world oil
price assumptions. The quantities equal the sum of the LNG imports into east or west North
America in the associated period; and the prices equal the quantity-weighted average tailgate
price at the regasification terminals. The mathematical specification of the curve is exactly like
the one used for domestic production described earlier in this chapter, except the assumed
elasticities are represented with different variables and have different values.** This
representation represents a first cut at integrating the information from INGM in the domestic
projections.®* The formulation for these LNG supply curves will likely be revised in future
NEMS to better capture the market dynamics as represented in the INGM.

Once the North American LNG import volumes are established, the exogenously specified LNG
imports into Mexico are subtracted,** along with the sum of any assumed minimum level
(Appendix E, LNGMIN) for each of the representative terminals in the U.S., Canada, and Baja,
Mexico (as shown in Table 2-1). The remainder is shared out to the terminals and then added to
the terminal’s assumed minimum import level to arrive at the final LNG import level by terminal
and season. The shares are initially set as follows and then normalized to total to 1.0:

QLNGLAG,, —(LNGMIN, *SH ,)
TOTQ,,

LSHR,, ={ *PERQ +

(34)
LNGCAP, — LNGMIN

TOTCAP,

PLNGnYr }BETA

L% (L—PERQ) {*4 ——— "
( Q)} {AVGPRM

where,
LSHR,; = Initial share (before normalization) of LNG imports going to
terminal r in period n from the east or west coast, fraction

3 TransCanada and ExxonMobil filed an open season plan for an Alaska Pipeline Project which includes an option for shipping
gas to Valdez for export as LNG. Previous EIA analysis indicated that the option for a pipeline to the lower 48 States is likely to
provide a greater netback to the producers and is therefore a more viable option. This analysis and model assumption will be
reviewed in the future.

%2For LNG the variables are called PARM_LNGxx, instead of PARM_SUPxx and are also traceable using Appendix E.

s first implemented, the resulting LNG import volumes were somewhat erratic, so a five-year moving average was applied
to the quantity inputs to smooth out the trajectory and more closely approximate a trend line.

31 the total available LNG import levels exceed the assumed LNG imports into Mexico, the volumes into Mexico are adjusted
accordingly, not to be set below assumed minimums (Appendix E, MEXLNGMIN).
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QLNGLAG,; = LNG import level last year (Bcf)
LNGMIN; = Minimum annual LNG import level (Bcf)
SH;, = Fraction of LNG imported in period n last year
LNGCAP, = Beginning of year LNG sendout capacity™ (Bcf)
TOTCAP, = Total LNG sendout capacity on the east or west coast (Bcf)
PERQ = Assumed parameter (0.5)
PLNG,, = Regasification tailgate price (1987%/Mcf)
AVGPR,; = Average regasification tailgate price on the east or west coast
(1987%/Mcf)
BETA = Assumed parameter (1.2)
r = Regasification terminal number (See Table 2-1)
n = Network or period (peak or off-peak)
c = Eastor west coast

Table 2-1. LNG Regasification Regions

Number Regasification Terminal/Region Number Regasification Regions
1 Everett, MA 9 Alabama/Mississippi

2 Cove Point, MD 10 Louisiana/Texas

3 Elba Island, GA 11 California

4 Lake Charles, LA 12 Washington/Oregon

5 New England 13 Eastern Canada

6 Middle Atlantic 14 Western Canada

7 South Atlantic 15 Baja into the U.S.

8 Florida/Bahamas - -

Source: Office of Integrated Analysis and Forecasting, U.S. Energy Information Administration

Alaska Natural Gas Routine

The NEMS demand modules provide a forecast of natural gas consumption for the total Pacific
Census Division, which includes Alaska. Currently natural gas that is produced in Alaska cannot
be transported to the lower 48 States via pipeline. Therefore, the production and consumption of
natural gas in Alaska is handled separately within the NGTDM from the contiguous States.
Annual estimates of contiguous Pacific Division consumption levels are derived within the
NGTDM by first estimating Alaska natural gas consumption for all sectors, and then subtracting
these from the core market consumption levels in the Pacific Division provided by the NEMS
demand modules. The use of natural gas in compressed natural gas vehicles in Alaska is
assumed to be negligible or nonexistent. The Electricity Market Module provides a value for

%5end-out capacity is the maximum annual volume of gas that can be delivered by a regasification facility into the pipeline
system.
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natural gas consumption in Alaska by electric generators. The series of equations for specifying
the consumption of gas by Alaska residential and commercial customers follows:

AK_RN, =exp{-2.677 + (0.888*In(AK_RN, ,)) - (0.185*In(AK_RN,,))

35
+(0.626* In(AK_POP, ))} (35)
AK_CN, =0.932946 + (0.937471*AK_CN, ,) (36)
(res) AKQTY_FSZ:L , - {e(6.983794*(170.364042)) * (AKQTY_FSZ:L v *1000)0.364042 * ( )
. ' 37
*AK—RN§/0.601932(1 0.364042))}/1000l
(COI’T])AKQTY F ) — e(9.425307*(1—0.736334))*(AKQTY F ) 1~k1000)0.7363347\—
. — s=2y — s=2,y-
AK_CN())/.ZOSOZO * (AK_CNy_l *1000)(—0.736334*0.205020)}/looo. (38)
where,
AKQTY_Fs=1 = consumption of natural gas by residential (s=1) customers in
Alaska in year y (MMcf, converted to Bcf)
AKQTY_Fs-, = consumption of natural gas by commercial (s=2) customers in
Alaska in the current forecast year y (MMcf, converted to Bcf)
AK_RN = number of residential customers in year y (thousands, Table F1,
Appendix F)
AK_CNy = number of commercial customers in year y (thousands, Table F2,
Appendix F)
AK _POP = exogenously specified projection of the population in Alaska
(thousands, Appendix E)
Gas consumption by Alaska industrial customers is set exogenously, as follows:
(ind): AKQTY_F,=5, = AK_QIND_S, (39)
where,
AKQTY_Fs3y = consumption of natural gas by industrial customers in year y (s=3),
(Bcf)
AK_QIND_S = consumption of natural gas by industrial customers in southern
Alaska (Bcf), the sum of consumption at the Agrium fertilizer
plant (assumed to close in 2007, Appendix E) and at the Kenai
LNG liquefaction facility (assumed to close in 2011, Appendix E)
S = sector
y = Yyear

The production of gas in Alaska depends on: 1) whether a pipeline is constructed from Alaska to
Alberta, 2) whether a gas-to-liquids plant is built in Alaska, and 3) consumption in and exports
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from Alaska. The production of gas related to the Alaska pipeline equals the volumes delivered
to Alberta (which depend on assumptions about the pipeline capacity) plus what is consumed for
lease, plant, and pipeline operations. If the Petroleum Market Module (PMM) determines that a
gas-to-liquids facility will be built in Alaska, then the natural gas consumed in the process
(AKGTL_NGCNS, set in the PMM) is added to production in the north, along with the
associated lease and plant fuel consumed. Other production in North Alaska that is not related to
the pipeline is largely lease and plant fuel associated with the crude oil extraction processes;
whereas gas is produced in the south to satisfy consumption and export requirements. For
simplicity the quantity of lease and plant fuel not related to the pipeline or GTL in Alaska is
modeled in total and is assigned to North Alaska production. The details follow:

(S.AK): AK_PROD,, = AK_CONS_S+EXPJAP + QALK_LAP_S+

40
QALK_PIP_S—AK_DISCR (40)
(S.AK): AK_PROD, ,={QALK_LAP_N = (0.0943884* QALK_LAP_
(0.038873* Z;oOGPRCOAKSVy )}/1000 (41)
QAK_ALB
(N.AK2) : AK_PROD,_,= Y +
1.-AK_PCTLSE,_, - AK_PCTPLT,_, - AK_PCTPIP_, 42)
AKGTL_NGCNS, + AKGTL_LAP
where,
4
AK_CONS_S=) (AKQTY_F,+AKQTY_I,) (43)
s=1
QALK LAP S=0.0 (total is assigned to the North) (44)
QALK _PIP_S=(AK_CONS_S+EXPJAP)* AK_PCTPIP, (45)
AKGTL_LAP=0AKGTL_NGCNS,*(AK_PCTLSE,+AK_PCTPLT,) (46)
where,
AK PROD, = dry gas production in Alaska (Bcf)
AK _CONS_S = total gas delivered to customers in South Alaska (Bcf)
AKQTY_Fs = total gas delivered to core customers in Alaska in sector s (Bcf)
AKQTY _Is = total gas delivered to non-core customers in Alaska in sector s
(Bcf)
EXPJAP = quantity of gas liquefied and exported to Japan (from OGSM in
Bcf)
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QALK LAP_N quantity of gas consumed for lease and plant operations, excluding
that related to the pipeline and GTL (Bcf)
quantity of gas consumed for lease and plant operations in the

previous year, excluding that related to the pipeline and GTL (Bcf)

QALK_LAP_NLAG

00GPRCOAK;y, = crude oil production in Alaska by sector
QALK _PIP, = quantity of gas consumed as pipeline fuel (Bcf)
AK _DISCR = discrepancy, the average (2000-2006) historically based difference
in reported supply levels and consumption levels in Alaska (Bcf)
QAK_ALB; = gas entering Alberta via pipeline that was produced on the North

Slope (Bcf)

AK _PCTLSE; = (forr=1) not used, (for r=2) lease and plant consumption as a
percent of gas consumption, (for r=3) lease consumption as a
percent of gas production (fraction, Appendix E)

AK_PCTPLT, = (forr=1and r=2) not used, (for r=3) plant fuel as a percent of gas
production (fraction, Appendix E)

AK_PCTPIP, = (forr=1) not used, (for r=2) pipeline fuel as a percent of gas
consumption, (for r=3) pipeline fuel as a percent of gas production
(fraction, Appendix E)

AKGTL_NGCNS; = natural gas consumed in a gas-to-liquids plant in the North Slope

(from PMM in Bcf)

AKGTL_LAP = lease and plant consumption associated with the gas for a gas-to-
liquids plant (Bcf)
s = sectors (1=residential, 2=commercial, 3=industrial,
4=transportation, 5=electric generators)
r = region (1 = south, 2 = north not associated with a pipeline to

Alberta or gas-to-liquids process, 3 = north associated with a
pipeline to Alberta and/or a gas-to-liquids plant

Lease, plant, and pipeline fuel consumption are calculated as follows. For south Alaska, the
calculation of pipeline fuel (QALK_PIP_S) and lease and plant fuel (QALK_LAP_S) are shown
above. For the Alaska pipeline, all three components are set to the associated production times
the percentage of lease (AK_PCTLSEj3), plant (AK_PCTPLT3), or pipeline fuel (AK_PCTPIP3).
For the gas-to-liquids process, lease and plant fuel (AKGTL_LAP) is calculated as shown above
and pipeline fuel is considered negligible. For the rest of north Alaska, pipeline fuel
consumption is assumed to be negligible, while lease and plant fuel not associated with the
pipeline or GTL (QALK_LAP_N) is set based on the trend line provided above.

Estimates for natural gas wellhead and delivered prices in Alaska are estimated in the NGTDM
for proper accounting, but have a very limited impact on the NEMS system. The average Alaska
wellhead price (AK_WPRC) over the North and South regions (not accounting for the impact
should a pipeline be connected to Alberta) is set using the following estimated equation:

AK_ WPRC(].) — WPR LAG 0.934077 % 0 I T_WOPy’1(0.280960*(1—0.934077)) (47)

where,
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AK_WPRC = natural gas wellhead price in Alaska, presuming no pipeline to
Alberta (1987%/Mcf) (Table F1, Appendix F)
WPRLAG = AK_WPRC in the previous forecast year ($/Mcf)
olT_WOPy; = world oil price (1987$ per barrel)

The price for natural gas associated with a pipeline to Alberta is exogenously specified
(FR_PMINWPR;, Appendix E) and does not vary by forecast year. The average wellhead price
for the State is calculated as the quantity-weighted average of AK_WPRC and FR_PMINWPR;.
Delivered prices in Alaska are set equal to the wellhead price (AK_WPRC) resulting from the
equation above plus a fixed, exogenously specified markup (Appendix E -- AK_RM, AK_CM,
AK_IN, AK_EM).

Within the model, the commencement of construction of the Alaska to Alberta pipeline is
restricted to the years beyond an earliest start date (FR_PMINYR, Appendix E) and can only
occur if a pipeline from the MacKenzie Delta to Alberta is not under construction. The same is
true for the MacKenzie Delta pipeline relative to construction of the Alaska pipeline. Otherwise,
the structural representation of the MacKenzie Delta pipeline is nearly identical to that of the
Alaska pipeline, with different numerical values for model parameters. Therefore, the following
description applies to both pipelines. Within the model the same variable names are used to
specify the supporting data for the two pipelines, with an index of 1 for Alaska and an index of 2
for the MacKenzie Delta pipeline.

The decision to build a pipeline is triggered if the estimated cost to supply the gas to the lower 48
States is lower than an average of the lower 48 average wellhead price over the planning period
of FR_PPLNYR (Appendix E) years.*® Construction is assumed to take FR_PCNSYR
(Appendix E) years. Initial pipeline capacity is assumed to accommodate a throughput delivered
to Alberta of FR_PVOL (Appendix E). The first year of operation, the volume is assumed to be
half of its ultimate throughput. If the trigger price exceeds the minimum price by
FR_PADDTAR (Appendix E) after the initial pipeline is built, then the capacity will be
expanded the following year by a fraction (FR_PEXPFAC, Appendix E) of the original capacity.

The expected cost to move the gas to the lower 48 is set as the sum of the wellhead price,*’ the
charge for treating the gas, and the fuel costs (FR_PMINWPR, Appendix E), plus the pipeline
tariff for moving the gas to Alberta and an assumed differential between the price in Alberta and
the average lower 48 wellhead price (ALB_TO_L48, Appendix E). A risk premium is also
included to largely reflect the expected initial price drop as a result of the introduction of the
pipeline, as well as some of the uncertainties in the necessary capital outlays and in the ultimate
selling price (FR_PRISK, Appendix E).*® The cost-of-service based calculation for the pipeline

%The prices are weighted, with a greater emphasis on the prices in the recent past. An additional check is made that the
estimated cost is lower than the lower 48 price in the last two years of the planning period and lower than a weighted average of
the expected prices in the three years after the planning period, during the construction period.

"The required wellhead price in the MacKenzie Delta is progressively adjusted in response to changes in the U.S. national
average drilling cost per well projections and across the forecast horizon in a higher or lower technology case, such that by the
last year (2035) the price is higher or lower than the price in the reference case by a fraction equal to 0.25 times the technology
factor adjustment rate (e.g., 0.50 for AEO2010).

£ there is an annual decline in the average lower 48 wellhead price over the planning period for the Alaska pipeline, an
additional adjustment is made to the expected cost (although it is not a cost item), equivalent to half of the drop in price averaged
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tariff (NGFRPIPE_TAR) to move gas from each production source to Alberta is presented at the
end of Chapter 6.

over the planning period, to account for the additional concern created by declining prices.
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3. Overview of Solution Methodology

The previous chapter described the function of the NGTDM within the NEMS and the
transformation and representation of supply and demand elements within the NGTDM. 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 submodules within
the NGTDM is presented, along with an overview of the solution methodology used by each
submodule.

NGTDM Regions and the Pipeline Flow Network

General Description of the NGTDM Network

In the NGTDM, a transmission and distribution network (Figure 3-1) simulates the interregional
flow of gas in the contiguous United States and Canada in either the peak (December through
March) or off-peak (April through November) period. 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 Canadian and Mexican borders, as well as in eastern
and western Canada. 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 directional flow shifts within a single pipeline
system due to seasonal variations in flows. Arcs leading from or to international borders
generally* represent imports or exports. The arcs which are designated as “secondary” in
Figure 3-1 generally represent relatively low flow volumes and are handled somewhat
differently and separately from those designated as “primary.”

Flows are further represented by establishing arcs from the transshipment node to each demand
sector/subregion represented in the NGTDM region. Demand 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 which it
must first pass if it is to be made available to the interstate market (at an adjoining transshipment

*Historically, one out of each pair of bidirectional arcs in Figure 3-1 represents a relatively small amount of gas flow during
the year. These arcs are referred to as “the bidirectional arcs” and are identified as the secondary arcs in Figure 3-1, excluding 3
to 15, 5 to 10, 15 to E. Canada, 20 to 7, 21 to 11, 22 to 12, and Alaska to W. Canada. The flows along these arcs are initially set
at the last historical level and are only increased (proportionately) when a known (or likely) planned capacity expansion occurs.

40Some natural gas flows across the Canadian border into the United States, only to flow back across the border without
changing ownership or truly being imported. In addition, any natural gas that might flow from Alaska to the lower 48 states
would cross the Canadian/U.S. border, but not be considered as an import.
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node). During a peak period, one of the supply sources feeding into each transshipment node
represents net storage withdrawals in the region during the peak period. Conversely during the
off-peak period, one of the demand nodes represents net storage injections in the region during

the off-peak period.

Figure 3-1. Natural Gas Transmission and Distribution Module Network
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Figure 3-2 shows an illustration of all possible flows into and out of a transshipment node. Each
transshipment 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.** Exports and (in the off-peak period) net
storage injections are also represented as flow out of a transshipment node. Each transshipment
node can have one or more arcs flowing in from each supply source represented within the
region. These supply points represent U.S. or Canadian onshore or U.S. offshore production,
liquefied natural gas imports, gas produced in Alaska and transported via pipeline, Mexican
imports, (in the peak period) net storage withdrawals in the region, or supplemental gas supplies.

“IConceptually within the model, the flow of gas to each end-use sector passes through a common city gate point before

reaching the end-user.
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Figure 3-2. Transshipment Node
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Two items accounted for but not presented in Figure 3-2 are discrepancies or balancing items
(i.e., average historically observed differences between independently reported natural gas
supply and disposition levels (DISCR for the United States, CN_DISCR for Canada) and
backstop supplies.*

Many of the types of supply listed above are relatively low in volume and are set independently
of current prices and before the NGTDM determines a market equilibrium solution. As a result,
these sources of supply are handled differently within the model. Structurally within the model
only the price responsive sources of supply (i.e., onshore and offshore lower 48 U.S. production,
Western Canadian Sedimentary Basin (WCSB) production, and storage withdrawals) are
explicitly represented with supply nodes and connecting arcs to the transshipment nodes when
the NGTDM is determining a market equilibrium solution.

Once the types of end-use destinations and supply sources into and out of each transshipment
node are defined, a general network structure is created. Each transshipment node does not
necessarily have all supply source types flowing in, or all demand source types flowing out. For
instance, 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 node in the
network are listed in Table 3-1. This table also provides the mapping of Electricity Market
Module regions and Oil and Gas Supply Module regions to NGTDM regions (Figure 2-3 and
Figure 2-5 in Chapter 2). The transshipment node numbers in the US align with the NGTDM
regions in Figure 3-1. Transshipment nodes 13 through 19 are pass-through nodes for the border
crossings on the Canada/U.S. border, going from east to west.

As described earlier, the NGTDM determines the flow and price of natural gas in both a peak
and off-peak period. The basic network structure separately represents the flow of gas during the
two periods within the Interstate Transmission Submodule. Conceptually this can be thought of
as two parallel networks, with three areas of overlap. First, pipeline expansion is determined
only in the peak period network (with the exception of pipelines going into Florida from the East
South Central Division). These levels are then used as constraints for pipeline flow in the off-
peak period. Second, net withdrawals from storage in the peak period establish the net amount
of natural gas that will be injected in the off-peak period, within a given forecast year. Similarly,
the price of gas withdrawn in the peak period is the sum of the price of the gas when it was
injected in the off-peak, plus an established storage tariff. Third, the supply curves provided by
the Oil and Gas Supply Module are specified on an annual basis. Although, these curves are
used to approximate peak and off-peak supply curves, the model is constrained to solve on the
annual supply curve (i.e., when the annual curve is evaluated at the quantity-weighted average
annual wellhead price, the resulting quantity should equal the sum of the production in the peak
and off-peak periods). The details of how this is accomplished are provided in Chapter 4.

42Backstop supplies are allowed when the flow out of a transshipment node exceeds the maximum flow into a transshipment
node. A high price is assigned to this supply source and it is generally expected not to be required (or desired). Chapter 4
provides a more detailed description of the setting and use of backstop supplies in the NGTDM.
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Table 3-1. Demand and Supply Types at Each Transshipment Node in the Network

Transshipment

Node Demand Types Supply Types

1 R,C, 1, T, U(1) P(1/1), LNG Everett Mass., LNG generic, SNG

2 R,C, I, T,U(), INJ P(2/1), WTH, LNG generic, SNG

3 R, C, I, T, U(3), U(4), INJ P(3/1), WTH, SNG

4 R,C, I, T,U(5), INJ P(4/3), P(4/5), SNG, WTH, LNG generic

5 R, C, 1, T, U(6), U(7), INJ P(5/1), LNG Cove Pt Maryland, LNG Elba Island Georgia,

Atlantic Offshore, WTH, LNG generic, SNG

6 R, C, I, T, U(9), U(10), INJ P(6/1), P(6/2), WTH, LNG generic, SNG

P(7/2), P(713), P(7/4), LNG Lake Charles Louisiana, Offshore

! R,C,1, T, U(11), INJ Louisiana, Gulf of Mexico, WTH, LNG generic, SNG
8 R, C, I, T, U(12), U(13), INJ P(8/5), WTH, SNG

9 R, C, I, T, U(15), INJ P(9/6), WTH, LNG generic, SNG

10 R, C, I, T, U(6), U(8), INJ P(10/2), WTH, SNG

11 R, C, I, T, U(14), INJ P(11/4), P(11/5), WTH, SNG

12 R, C, I, T, U(16), INJ P(12/6), Pacific Offshore, WTH, LNG generic, SNG
13-19 -- --

20 Mexican Exports (TX) Mexican Imports (TX)

21 Mexican Exports (AZ/NM) Mexican Imports (AZ/NM)

22 Mexican Exports (CA) Mexican Imports (CA)

23 Eastern Canadian consumption, INJ Eastern Canadian supply, WTH

24 Western Canadian consumption, INJ Western Canadian supply, WTH, Alaskan Supply via a

pipeline, MacKenzie Valley gas via a pipeline

Specifications of a Network Arc

Each arc of the network has associated variable inputs and outputs. The variables that define an
interregional arc are the pipeline direction, available capacity from the previous forecast year, the
“fixed” tariffs and/or tariff curve, the flow on the arc from the previous year, the maximum
capacity level, and the maximum utilization of the capacity (Figure 3-3). While a model
solution is determined (i.e., the quantity of the natural gas flow along each interregional arc is
determined), the *“variable” or quantity dependent tariff and the required capacity to support the
flow are also determined in the process.

For the peak period the maximum capacity build levels are set to a factor above the 1990 levels.
The factor is set high enough so that this constraint is rarely, if ever, binding. However, the
structure could be used to limit growth along a particular path. In the off-peak period the
maximum capacity levels are set to the capacity level determined in the peak period. The
maximum utilization rate along each arc is used to capture the impact that varying demand loads
over a season have on the utilization along an arc.
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Figure 3-3. Variables Defined and Determined for Network Arc
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For the peak period, the maximum utilization rate is calculated based on an estimate of the ratio
of January-to-peak period consumption requirements. For the off-peak the maximum utilization
rates are set exogenously (HOPUTZ, Appendix E). Capacity and flow levels from the previous
forecast year are used as input to the solution algorithm for the current forecast year. In some
cases, capacity that is newly available in the current forecast year will be exogenously set
(PLANPCAP, Appendix E) as “planned” (i.e., highly probable that it will be built by the given
forecast year based on project progress and announcements). Any additional capacity beyond
the planned level is determined during the solution process and is checked against maximum
capacity levels and adjusted accordingly. Each of the interregional arcs has an associated
“fixed” and *“variable” tariff, to represent usage and reservation fees, respectively. The variable
tariff is established by applying the flow level along the arc to the associated tariff supply curve,
established by the Pipeline Tariff Submodule. During the solution process in the Interstate
Transmission Submodule, the resulting tariff in the peak or off-peak period is added to the price
at the source node to arrive at a price for the gas along the interregional arc right before it
reaches its destination node. Through an iterative process, the relative values of these prices for
all of4 3Ehe arcs entering a node are used as the basis for reevaluating the flow along each of these
arcs.

For the arcs from the transshipment nodes to the final delivery points, the variables defined are
tariffs and flows (or consumption). The tariffs here represent the sum of several charges or
adjustments, including interstate pipeline tariffs in the region, intrastate pipeline tariffs, and
distributor markups. Associated with each of these arcs is the flow along the arc, which is equal
to the amount of natural gas consumed by the represented sector. For arcs from supply points to
transshipment nodes, the input variables are the production levels from the previous forecast
year, a tariff, and the maximum limit on supplies or production. In this case the tariffs
theoretically represent gathering charges, but are currently assumed to be zero.** Maximum
supply levels are set at a percentage above a baseline or “expected” production level (described
in Chapter 4). Although capacity limits can be set for the arcs to and from end-use sectors and
supply points, respectively, the current version of the module does not impose such limits on the
flows along these arcs.

For the arcs from the transshipment nodes to the final delivery points, the variables defined are
tariffs and flows (or consumption). The tariffs here represent the sum of several charges or
adjustments, including interstate pipeline tariffs in the region, intrastate pipeline tariffs, and
distributor markups. Associated with each of these arcs is the flow along the arc, which is equal
to the amount of natural gas consumed by the represented sector. For arcs from supply points to
transshipment nodes, the input variables are the production levels from the previous forecast
year, a tariff, and the maximum limit on supplies or production. In this case the tariffs
theoretically represent gathering charges, but are currently assumed to be zero.** Maximum

“During the off-peak period in a previous version of the module, only the usage fee was used as a basis for
determining the relative flow along the arcs entering a node. However, the total tariff was ultimately used when
setting delivered prices.

“Ultimately the gathering charges are reflected in the delivered prices when the model is benchmarked to historically reported
city gate prices.

“Ultimately the gathering charges are reflected in the delivered prices when the model is benchmarked to historically reported
city gate prices.
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supply levels are set at a percentage above a baseline or “expected” production level (described
in Chapter 4). Although capacity limits can be set for the arcs to and from end-use sectors and
supply points, respectively, the current version of the module does not impose such limits on the
flows along these arcs.

Note that any of the above variables may have a value of zero, if appropriate. For instance, some
pipeline arcs may be defined in the network that currently have zero capacity, yet where new
capacity is expected in the future. On the other hand, some arcs such as those to end-use sectors
are defined with infinite pipeline capacity because the model does not forecast limits on the flow
of gas from transshipment nodes to end users.

Overview of the NGTDM Submodules and Their Interrelationships

The NEMS generates an annual forecast of the outlook for U.S. energy markets for the years
1990 through 2030. During the historical years, many of the modules in NEMS do not execute,
but simply assign historically published values to the model’s output variables. The NGTDM
similarly assigns historical values to most of the known module outputs during these years.
However, some of the required outputs from the module are not known (e.g., the flow of natural
gas between regions on a seasonal basis). Therefore, the model is run in a modified form to fill
in such unknown, but required values. In doing so, historical values are generated for the
unknown parameters that are consistent with the known historically based values (e.g., the
unknown seasonal interregional flows sum to the known annual totals).

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 module be executed for all
iterations. Of the NGTDM'’s three components or submodules, the Pipeline Tariff Submodule is
executed only once per forecast year since the submodule’s input values do not change from one
iteration of NEMS to the next. However, the Interstate Transmission Submodule and the
Distributor Tariff Submodule are executed every iteration of each forecast year because their
input values can change by iteration. Within the Interstate Transmission Submodule an iterative
process is used. The basic solution algorithm is repeated multiple times until the resulting
wellhead prices and production levels from one iteration are within a user-specified tolerance of
the resulting values from the previous iteration, and equilibrium is reached. A process diagram
of the NGTDM is provided in Figure 3-4, showing the general calling sequence.

The Interstate Transmission Submodule is the primary submodule of the NGTDM. One of its
functions is to forecast interregional pipeline and underground storage expansions and produce
annual pipeline load profiles based on seasonal loads. Using this information from the previous
forecast year and other data, the Pipeline Tariff Submodule uses an accounting process to derive
revenue requirements for the current forecast year. This submodule builds pipeline and storage
tariff curves based on these revenue requirements for use in the Interstate Transmission
Submodule. These curves extend beyond the level of the current year’s capacity and provide
estimates of the tariffs should capacity be expanded. The Distributor Tariff Submodule provides
distributor tariffs for use in the Interstate Transmission Submodule. The Distributor Tariff
Submodule must be called in each iteration because some of the distributor tariffs are based on
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Figure 3-4. NGTDM Process Diagram
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consumption levels that may change from iteration to iteration. Finally, using the information
provided by these other NGTDM submodules and other NEMS modules, the Interstate
Transmission Submodule solves for natural gas prices and quantities which reflect a market
equilibrium for the current forecast year. A brief summary of each of the NGTDM submodules
follows.

Interstate Transmission Module

The Interstate Transmission Submodule (ITS) is the main integrating module of the NGTDM.
One of its major functions is to simulate the natural gas price determination process. The ITS
brings together the major economic factors that influence regional natural gas trade on a seasonal
basis in the United States, the balancing of the demand for and the domestic supply of natural
gas, including competition from imported natural gas. These are examined in combination with
the relative prices associated with moving the gas from the producer to the end-user where and
when (peak versus off-peak) it is needed. In the process, the ITS models the decision-making
process for expanding pipeline and/or seasonal storage capacity in the U.S. gas market,
determining the amount of pipeline and storage capacity to be added between or within regions
in the NGTDM. Storage serves as the primary link between the two seasonal periods
represented.

The ITS employs an iterative heuristic algorithm to establish a market equilibrium solution.
Given the consumption levels from other NEMS modules, the basic process followed by the ITS
involves first establishing the backward flow of natural gas in each period from the consumers,
through the network, to the producers, based primarily on the relative prices offered for the gas
(from the previous ITS iteration). This process is performed for the peak period first since the
net withdrawals from storage during the peak period will establish the net injections during the
off-peak period. Second, using the model’s supply curves, wellhead prices are set corresponding
to the desired production volumes. Also, using the pipeline and storage tariff curves from the
Pipeline Tariff Submodule, pipeline and storage tariffs are set corresponding to the associated
flow of gas, as determined in the first step. These prices are then translated from the producers,
back through the network, to the city gate and the end-users, by adding the appropriate tariffs
along the way. A regional storage tariff is added to the price of gas injected into storage in the
off-peak to arrive at the price of the gas when withdrawn in the peak period. Delivered prices
are derived for residential, commercial, electric generation, and transportation customers, as well
as for both the core and non-core industrial sectors, using the distributor tariffs provided by the
Distributor Tariff Submodule. At this point consumption levels can be reevaluated given the
resulting set of delivered prices. Either way, the process is repeated until the solution has
converged.

In the end, the ITS derives average seasonal (and ultimately annual) natural gas prices (wellhead,
city gate, and delivered), and the associated production and flows, that reflect an interregional
market equilibrium among the competing participants in the market. In the process of
determining interregional flows and storage injections/withdrawals, the ITS also forecasts
pipeline and storage capacity additions. In the next forecast year, the Pipeline Tariff Submodule
will adjust the requirements to account for the associated expansion costs. Other primary outputs
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of the module include: lease, plant, and pipeline fuel use, Canadian import levels, and net

storage withdrawals in the peak period.

The historical evolution of the price determination process simulated by the ITS is depicted
schematically in Figure 3-5. At one point, the marketing chain was very straightforward, with

end-users and local distribution companies contracting with pipeline companies, and the pipeline
companies in turn contracting with producers. Prices typically reflected average costs of

providing service plus some regulator-specified rate of return. Although this approach is still

used as a basis for setting pipeline tariffs, more pricing flexibility has been introduced,

particularly in the interstate pipeline industry and more recently by local distributors. Pipeline
companies are also offering a range of services under competitive and market-based pricing
arrangements. Additionally, newer players—for example marketers of spot gas and brokers for
pipeline capacity—have entered the market, creating new links connecting suppliers with end-

users. The marketing links are expected to become increasingly complex in the future.

Figure 3-5. Principal Buyer/Seller Transaction Paths for Natural Gas Marketing
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having access to a customer and the amount of capacity available) is currently driving the prices

for interruptible transmission service and is having an effect on firm service prices. Currently,
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there are significant differences across regions in pipeline capacity utilization.*® These regional
differences are evolving as new pipeline capacity has been and is being constructed to relieve
capacity constraints in the Northeast, to expand markets in the Midwest and the Southeast, and to
move more gas out of the Rocky Mountain region and the Gulf of Mexico. As capacity changes
take place, prices of services should adjust accordingly to reflect new market conditions.

Federal and State initiatives are reducing barriers to market entry and are encouraging the
development of more competitive markets for pipeline and distribution services. Mechanisms
used to make the transmission sector more competitive include the widespread capacity releasing
programs, market-based rates, and the formation of market centers with deregulated upstream
pipeline services. The ITS is not designed to model any specific type of program, but to simulate
the overall impact of the movement towards market based pricing of transmission services.

Pipeline Tariff Submodule

The primary purpose of the Pipeline Tariff Submodule (PTS) is to provide volume dependent
curves for computing tariffs for interstate transportation and storage services within the Interstate
Transmission Submodule. These curves extend beyond current capacity levels and relate
incremental pipeline or storage capacity expansion to corresponding estimated rates. The
underlying basis for each tariff curve in the model is a forecast of the associated regulated
revenue requirement. An accounting system is used to track costs and compute revenue
requirements associated with both reservation and usage fees under a current typical regulated
rate design. Other than an assortment of macroeconomic indicators, the primary input to the PTS
from other modules/submodules in NEMS is the level of pipeline and storage capacity
expansions in the previous forecast year. Once an expansion is projected to occur, the
submodule calculates the resulting impact on the revenue requirement. The PTS currently
assumes rolled-in (or average), not incremental rates for new capacity (i.e., the cost of any
additional capacity is lumped in with the remaining costs of existing capacity when deriving a
single tariff for all the customers along a pipeline segment).

Transportation revenue requirements (and associated tariff curves) are established for
interregional arcs defined by the NGTDM network. These network tariff curves reflect an
aggregation of the revenue requirements for individual pipeline companies represented by the
network arc. Storage tariff curves are defined at regional NGTDM network nodes, and similarly
reflect an aggregation of individual company storage revenue requirements. 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 submodule cannot address competition for
pipeline or storage services along an aggregate arc or within an aggregate region, respectively. It
should also be noted that the PTS deals only with the interstate market, and thus does not capture
the impacts of State-specific regulations for intrastate pipelines. Intrastate transportation charges
are accounted for within the Distributor Tariff Submodule.

“SFurther information can be found on the U.S. Energy Information Administration web page under “Pipeline Capacity and
Usage” www.eia.doe.gov/pub/oil_gas/natural_gas/analysis_publications/ngpipeline/index.html.
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Pipeline tariffs for transportation and storage services represent a more significant portion of the
price of gas to industrial and electric generator end-users than to other sectors. Consumers of
natural gas are grouped generally into two categories: (1) those that 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 that 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) is assumed to purchase firm transportation services, while the latter group (non-core
customers) is assumed to purchase non-firm service (e.g., interruptible service, released
capacity). 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 actually 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 pipeline tariff curves generated by the PTS
are used within the ITS when determining the relative cost of purchasing and moving gas from
one source versus another in the peak and off-peak seasons. They are also used when setting the
price of gas along the NGTDM network and ultimately to the end-users.

The actual rates or tariffs that pipelines are allowed to charge are largely regulated by the Federal
Energy Regulatory Commission (FERC). FERC’s ratemaking traditionally allows (but does not
necessarily guarantee) a pipeline company to recover its costs, including what the regulators
consider a fair rate of return on capital. Furthermore, FERC not only has jurisdiction over how
cost components are allocated to reservation and usage categories, but also how reservation and
usage costs are allocated across the various classes of transmission (or storage) services offered
(e.g., firm versus non-firm service). Previous versions of the NGTDM (and therefore the PTS)
included representations of natural gas moved (or stored) using firm and non-firm service.
However, in an effort to simplify the module, this distinction has been removed in favor of
moving from an annual to a seasonal model. The impact of the distinction of firm versus non-
firm service on core and non-core delivered prices is indirectly captured in the markup
established in the Distributor Tariff Submodule. More recent initiatives by FERC have allowed
for more flexible processes for setting rates when a service provider can adequately demonstrate
that it does not possess significant market power. The use of volume dependent tariff curves
partially serves to capture the impact of alternate rate setting mechanisms. Additionally, various
rate making policy options discussed by FERC would 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, the basis differential between markets connected via the
constrained pipeline route will generally be above the full cost of service pipeline rates.
Ultimately, the NGTDM is trying to project market prices and uses cost-of-service rates as a
means in the process of establishing market prices.

Distributor Tariff Submodule
The primary purpose of the Distributor Tariff Submodule (DTS) is to determine the price markup

from the regional market hub to the end-user. For most customers, this consists of (1) distributor
markups charged by local distribution companies for the distribution of natural gas from the city
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gate to the end user and (2) markups charged by intrastate pipeline companies for intrastate
transportation services. Intrastate pipeline tariffs are specified exogenously to the model and are
currently set to zero (INTRAST_TAR, Appendix E). However, these tariffs are accounted for in
the module indirectly. For most industrial and electric generator customers, gas is not purchased
through a local distribution company, so they are not specifically charged a distributor tariff. In
this case, the “distributor tariff” represents the difference between the average price obtained by
local distribution companies at the city gate and the price obtained by the average industrial or
electric generator customer. Distributor tariffs are distinguished within the DTS by sector
(residential, commercial, industrial, transportation, and electric generator), region
(NGTDM/EMM regions for electric generators and NGTDM regions for the rest), seasons (peak
or off-peak), and as appropriate by service type or class (core or non-core).

Distribution markups represent a significant portion of the price of gas to residential,
commercial, and transportation customers, and less so to the industrial and electric generation
sectors. Each sector has different distribution service requirements, and frequently different
transportation needs. For example, the core customers in the model (residential, transportation,
commercial and some industrial and electric generator customers) are assumed to require
guaranteed on-demand (firm) service because natural gas is largely their only fuel option. In
contrast, large portions of the industrial and electric generator sectors may not rely solely on
guaranteed service because they can either periodically terminate operations or switch to other
fuels. These customers are referred to as non-core. They can elect to receive some gas supplies
through a lower priority (and lower cost) interruptible transportation service. While not
specifically represented in the model, during periods of peak demand, services to these sectors
can be interrupted in order to meet the natural gas requirements of core customers. In addition,
these customers frequently select to bypass the local distribution company pipelines and hook up
directly to interstate or intrastate pipelines.

The rates that local distribution companies and intrastate carriers are allowed to charge are
regulated by State authorities. State ratemaking traditionally allows (but does not necessarily
guarantee) local distribution companies and intrastate carriers to recover their costs, including
what the regulators consider a fair return on capital. These rates are derived from the cost of
providing service to the end-use customer. The State authority determines which expenses can
be passed through to customers 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 classes and services based on a rate design. The DTS does not
project distributor tariffs through a rate base calculation as is done in the PTS, partially due to
limits on data availability.*’ In most cases, projected distributor tariffs in the model depend
initially on base year values, which are established by subtracting historical city gate prices from
historical delivered prices, and generally reflect an average over recent historical years.

Distributor tariffs for all but the transportation sector are set using econometrically estimated
equations. *® Transportation sector markups, representing sales for natural gas vehicles, are set

4" In theory these cost components could be compiled from rate filings to state Public Utility Commissions; however, such an
extensive data collection effort is beyond the available resources.
“8An econometric approach was used largely as a result of data limitations. EIA data surveys do not collect the cost
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separately for fleet and personal vehicles and account for distribution to delivery stations, retail
markups, federal and state motor fuels taxes, and the potential impact of retail competition with
gasoline. In addition, the NGTDM assesses the potential construction of infrastructure to
support fueling compressed natural gas vehicles.

components required to derive revenue requirements and cost-of-service for local distribution companies and intrastate carriers.
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 at this time.
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4. Interstate Transmission Submodule Solution Methodology

As a key component of the NGTDM, the Interstate Transmission Submodule (ITS) determines
the market equilibrium between supply and demand of natural gas within the North American
pipeline system. This translates into finding the price such that the quantity of gas that
consumers would desire to purchase equals the quantity that producers would be willing to sell,
accounting for the transmission and distribution costs, pipeline fuel use, capacity expansion costs
and limitations, and mass balances. To accomplish this, two seasonal periods were represented
within the module--a peak and an off-peak period. The network structures within each period
consist of an identical system of pipelines, and are connected through common supply sources
and storage nodes. Thus, two interconnected networks (peak and off-peak) serve as the
framework for processing key inputs to generate the desired outputs. A heuristic approach is
used to systematically move through the two networks solving for production levels, network
flows, pipeline and storage capacity requirements,*® supply prices, and delivered prices until
mass balance and convergence are achieved. (The methodology used for calculating distributor
tariffs is presented in Chapter 5.) Primary input requirements include seasonal consumption
levels, capacity expansion cost curves, annual natural gas supply levels and/or curves, a
representation of pipeline and storage tariffs, as well as values for pipeline and storage starting
capacities, and network flows and prices from the previous year. Some of the inputs are
provided by other NEMS modules, some are exogenously defined and provided in input files,
and others are generated by the module in previous years or iterations and used as starting
values. Wellhead, import, and delivered prices, supply quantities, and resulting flow patterns are
obtained from the ITS and sent to other NGTDM submodules or other NEMS modules after
some processing. Network characteristics, input requirements, and the heuristic process are
presented more fully below.

Network Characteristics in the ITS

As described in an earlier chapter, the NGTDM network consists of 12 NGTDM regions (or
transshipment nodes) in the lower 48 states, three Mexican border crossing nodes, seven
Canadian border crossing nodes, and two Canadian supply/demand regions. Interregional arcs
connecting the nodes represent an aggregation of pipelines that are capable of moving gas from
one region (or transshipment node) into another. These arcs have been classified as either
primary flow arcs or secondary flow arcs. The primary flow arcs (see Figure 3-1) represent
major flow corridors for the transmission of natural gas. Secondary arcs represent either flow in
the opposite direction from the primary flow (historically about 3 percent of the total flow) or
relatively low flow volumes that are set exogenously or outside the ITS equilibration routine
(e.g. Mexican imports and exports). In the ITS, this North American natural gas pipeline flow
network has been restructured into a hierarchical, acyclic network representing just the primary
flow of natural gas (Figure 4-1). The representation of flows along secondary arcs is described
in the Solution Process section below. A hierarchical, acyclic network structure allows for the

“In reality, capacity expansion decisions are made based on expectations of future demand requirements, allowing for
regulatory approvals and construction lead times. In the model, additional capacity is available immediately, once it is
determined that it is needed. The implicit assumption is that decision makers exercised perfect foresight, that planning and
construction for the pipeline actually started before the pipeline came online.
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systematic representation of the flow of natural gas (and its associated prices) from the supply
sources, represented towards the bottom of the network, up through the network to the end-use
consumer at the upper end of the network.

Figure 4-1. Network “ Tree” or Hierarchical, Acyclic Network of Primary Arcs

@ Transshipment Node
== Primary Arc
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In the ITS, two interconnected acyclic networks are used to represent natural gas flow to end-use
markets during the peak period (PK) and flow to end-use markets during the off-peak period
(OP). These networks are connected regionally through common supply sources and storage
nodes (Figure 4-2). Storage within the module only represents the transfer of natural gas
produced in the off-peak period to meet the higher demands in the peak period. Therefore, net
storage injections are included only in the off-peak period, while net storage withdrawals occur
only in the peak period. Within a given forecast year, the withdrawal level from storage in the
peak period establishes the level of gas injected in the off-peak period. Annual supply sources
provide natural gas to both networks based on the combined network production requirements
and corresponding annual supply availability in each region.

Figure 4-2. Simplified Example of Supply and Storage Links Across Networks
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Input Requirements of the ITS

The following is a list of the key inputs required during ITS processing:

Seasonal end-use consumption or demand curves for each NGTDM region and Canada

Seasonal imports (except Canada) and exports by border crossing

Canadian import capacities by border crossing

Natural gas production in eastern Canada and unconventional production in western Canada,

by season.

Natural gas flow by pipeline from Alaska to Alberta.

Natural gas flow by pipeline from the MacKenzie Delta to Alberta.

e Regional supply curve parameters for U.S. nonassociated and western Canadian conventional
natural gas supply®

e Seasonal supply quantities for U.S. associated-dissolved gas, synthetic gas, and other
supplemental supplies by NGTDM region

e Seasonal network flow patterns from the previous year, by arc (including flows from storage,
variable supply sources, and pipeline arcs)

e Seasonal network prices from the previous year, by arc (including flows from storage,
variable supply sources, and pipeline arcs)

e Pipeline capacities, by arc

e Seasonal maximum pipeline utilizations, by arc

e Seasonal pipeline (and storage) tariffs representing variable costs or usage fees, by arc (and
region)

e Pipeline capacity expansion/tariff curves for the peak network, by arc

e Storage capacity expansion/tariff curves for the peak network, by region

e Seasonal distributor tariffs by sector and region

Many of the inputs are provided by other NEMS submodules, some are defined from data within
the ITS, and others are ITS model results from operation in the previous year. For example,
supply curve parameters for lower 48 nonassociated onshore and offshore natural gas production,
western Canadian conventional natural gas supply curves, and lower 48 associated-dissolved gas
production are provided by the Oil and Gas Supply Module (OGSM). In contrast, Canadian
data, with the exclusion of conventional western Canadian supply curves, are set as direct input
to the ITS. U.S. end-use consumption levels are provided by NEMS demand modules; pipeline
and storage capacity expansion/tariff curve parameters are provided by the Pipeline Tariff
Submodule (PTS, see chapter 6); and seasonal distributor tariffs are defined by the Distributor
Tariff Submodule (DTS, see Chapter 5). Seasonal network flow patterns and prices are
determined within the ITS. They are initially set based on historical data, and then from model
results in the previous model year.

Because the ITS is a seasonal model, most of the input requirements are on a seasonal level. In
most cases, however, the information provided is not represented in the form defined above and
needs to be processed into the required form. For example, regional end-use consumption levels

These supply sources are referred to as the “variable” supplies because they are allowed to change in response to price
changes during the ITS solution process.
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are initially defined by sector on an annual basis. The ITS disaggregates each of these sector-
specific quantities into a seasonal peak and off-peak representation, and then aggregates across
sectors within each season to set a total consumption level. Also, regional fixed supplies and
some of the import/export levels represent annual values. A simple methodology has been
developed to disaggregate the annual information into peak and off-peak quantities using item-
specific peak sharing factors (e.g., PKSHR_ECAN, PKSHR_EMEX, PKSHR_ICAN,
PKSHR_IMEX, PKSHR_SUPLM, PKSHR_ILNG, and PKSHR_YR). For more detail on these
inputs see Chapter 2. A similar method is used to approximate the consumption and supply in
the peak month of each period. This information is used to verify that sufficient sustained>*
capacity is available for the peak day in each period; and if not, it is used as a basis for adding
additional capacity. The assumption reflected in the model is that, if there is sufficient sustained
capacity to handle the peak month, line packing® and propane injection can be used to
accommaodate a peak day in this month.

Heuristic Process

The basic process used to determine supply and delivered prices in the ITS involves starting
from the top of the hierarchical, acyclic network or “tree” (as shown in Figure 4-1) with end-use
consumption levels, systematically moving down each network (in the opposite direction from
the primary flow of gas) to define seasonal flows along network arcs that will satisfy the
consumption, evaluating wellhead prices for the desired production levels, and then moving up
each network (in the direction of the primary flow of gas) to define transmission, node, storage,
and delivered prices.

While progressively moving down the peak or off-peak network, net regional demands are
established for each node on each network. Net regional demands are defined as the sum of
consumption in the region plus the gas that is exiting the region to satisfy consumption
elsewhere, net of fixed®® supplies in the region. The consumption categories represented in net
regional demands include end-use consumption in the region, exports, pipeline fuel consumption,
secondary and primary flows out of the region, and for the off-peak period, net injections into
regional storage facilities. Regional fixed supplies include imports (except conventional gas
from Western Canada), secondary flows into the region, and the regions associated-dissolved
production, supplemental supplies, and other fixed supplies. The net regional demands at a node
will be satisfied by the gas flowing along the primary arcs into the node, the local “variable”
supply flowing into the node, and for the peak period, the gas withdrawn from the regional
storage facilities on a net basis.

Starting with the node(s) at the top of the network tree (i.e., nodes 1, 10, and 12 in Figure 4-1), a
sharing algorithm is used to determine the percent of the represented region’s net demand that is
satisfied by each arc going into the node. The resulting shares are used to define flows along

Sl«gystained” capacity refers to levels that can operationally be sustained throughout the year, as opposed to “peak” capacity
which can be realized at high pressures and would not generally be maintained other than at peak demand periods.

%2|_ine packing is a means of storing gas within a pipeline for a short period of time by compressing the gas.

S3Fixed supplies are those supply sources that are not allowed to vary in response to changes in the natural gas price during the
ITS solution process.
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each arc (supply, storage, and interregional pipeline) into the region (or node). The interregional
flows then become additional consumption requirements (i.e., primary flows out of a region) at
the corresponding source node (region). If the arc going into the original node is from a supply
or storage>* source, then the flow represents the production or storage withdrawal level,
respectively. The sharing algorithm is systematically applied (going down the network tree) to
each regional node until flows have been defined for all arcs along a network, such that
consumption in each region is satisfied.

Once flows are established for each network (and pipeline tariffs are set by applying the flow
levels to the pipeline tariff curves), resulting production levels for the variable supplies are used
to determine regional wellhead prices and, ultimately, storage, node, and delivered prices. By
systematically moving up each network tree, regional wellhead prices are used with pipeline
tariffs, while adjusting for price impacts from pipeline fuel consumption, to calculate regional
node prices for each season. Next, intraregional and intrastate markups are added to the
regional/seasonal node prices, followed by the addition of corresponding seasonal, sectoral
distributor tariffs, to generate delivered prices. Seasonal prices are then converted to annual
delivered prices using quantity-weighted averaging. To speed overall NEMS convergence,* the
delivered prices can be applied to representative demand curves to approximate the demand
response to a change in the price and to generate a new set of consumption levels. This process
of going up and down the network tree is repeated until convergence is reached.

The order in which the networks are solved differs depending on whether movement is down or
up the network tree. When proceeding down the network trees, the peak network flows are
established first, followed by the off-peak network flows. This order has been established for
two reasons. First, capacity expansion is decided based on peak flow requirements.>® This in
turn is used to define the upper limits on flows along arcs in the off-peak network. Second, net
storage injections (represented as consumption) in the off-peak season cannot be defined until
net storage withdrawals (represented as supplies) in the peak season are established. When
going up the network trees, prices are determined for the off-peak network first, followed by the
peak network. This order has been established mainly because the price of fuel withdrawn from
storage in the peak season is based on the cost of fuel injected into storage in the off-peak season
plus a storage tariff.

If net demands exceed available supplies on a network in a region, then a backstop supply is
made available at a higher price than other local supply. The higher price is passed up the
network tree to discourage (or decrease) demands from being met via this supply route. Thus,
network flows respond by shifting away from the backstop region until backstop supply is no
longer needed.

%*For the peak period networks only.

S°At various times, NEMS has not readily converged and various approaches have been taken to improve the process. If the
NGTDM can anticipate the potential demand response to a price change from one iteration to the next, and accordingly moderate
the price change, the NEMS will theoretically converge to an equilibrium solution in less iterations.

®pipeline capacity into region 10 (Florida) is allowed to expand in either the peak or off-peak period because the region
experiences its peak usage of natural gas in what is generally the off-peak period for consumption in the rest of the country.
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Movement down and up each network tree (defined as a cycle) continues within a NEMS
iteration until the ITS converges. Convergence is achieved when the regional seasonal supply
prices determined during the current cycle down the network tree are within a designated
minimum percentage tolerance from the supply prices established the previous cycle down the
network tree. In addition, the absolute change in production between cycles within supply
regions with relatively small production levels are checked in establishing convergence. In
addition, the presence of backstop will prevent convergence from being declared. Once
convergence is achieved, only one last movement up each network tree is required to define final
regional/seasonal node and delivered prices. If convergence is not achieved, then a set of
“relaxed” supply prices is determined by weighting regional production results from both the
current and the previous cycle down the network tree, and obtaining corresponding new annual
and seasonal supply prices from the supply curves in each region based on these “relaxed”
production levels. The concept of “relaxation” is a means of speeding convergence by solving
for quantities (or prices) in the current iteration based on a weighted-average of the prices (or
quantiti&_ss) from the previous two iterations, rather than just using the previous iteration’s
values.

The following subsections describe many of these procedures in greater detail, including: net
node demands, pipeline fuel consumption, sharing algorithm, wellhead prices, tariffs, arc, node,
and storage prices, backstop, convergence, and delivered and import prices. A simple flow
diagram of the overall process is presented in Figure 4-3.

Net Node Demands

Seasonal net demands at a node are defined as total seasonal demands in the region, net of
seasonal fixed supplies entering the region. Regional demands consist of primary flows exiting
the region (including net storage injections in the off-peak), pipeline fuel consumption, end-use
consumption, discrepancies (or historical balancing item), Canadian consumption, exports, and
other secondary flows exiting the region. Fixed supplies include associated-dissolved gas,
Alaskan gas supplies to Alberta, synthetic natural gas, other supplemental supplies, LNG
imports, fixed Canadian supplies (including MacKenzie Delta gas), and other secondary flows
entering the region. Seasonal net node demands are represented by the following equations:

Peak:

NODE_DMDsk.r = PFUELpy , + FLOW,y , + NODE_CDMDpx ¢

Z (PKSHR_ DMDnonur * (ZNGQTY_ Fronu,r * ZNGQTY_ Inonu,r)) + (48)

Z (PKSHR_ UDMD it * (ZNGUQTY_ Fjuir + ZNGUQTY_ ljuai)

jutiler

"The model typically solves within 3 to 6 cycles.
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Figure 4-3. Interstate Transmission Submodule System Diagram
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NODE_ CDMDg«, = YEAR_ CDMDex, - (PKSHR_PROD;* ZADGPRD:)—

(PKSHR_ILNG*OGQNGIMP, ) (49)

YEAR_CDMD,,, = DISCR¢«.r.t + CN_DISCR.,
((PKSHR_CDMD)*CN_DMD,,,) +
(PK1*SAFLOW,,) - (PK2*SAFLOW,,) - (50)
(PKSHR_YR*QAK_ALB,) - (PKSHR_SUPLM*ZTOTSUP,) -
(PKSHR_PROD,*CN_FIXSUP,,)

Off-Peak:

NODE_DMDop,; = PFUELpr * FLOWopa + FLOWpk st ¥ NODE_CDMDop, +

z ((1- PKSHR_ DMDionur) * (ZNGQTY _ Fronur ¥ ZNGQTY_ Inonu,r)) +
nonu (51)

> ((1- PKSHR_ UDMDjuit) * (ZNGUQTY_ Fyuit * ZNGUQTY_ ljua)) +

jutilcr

NODE_CDMDop, = YEAR_CDMDop, - ((1- PKSHR_PRODs) * ZADGPRD:)—
((1— PKSHR_ILNG) * OGQNGIMP, ) (52)

YEAR_CDMD,,, = DISCRy,, + CN_ DISCRp ., +
((1-PKSHR_CDMD)*CN_DMD,,,) +
((1- PK1)*SAFLOW, ) - ((1- PK 2) *SAFLOW,,) -
((1-PKSHR_YR)*QAK_ALB,) - (53)
((1-PKSHR_SUPLM)*ZTOTSUP,) -
((1-PKSHR_PROD,)*CN_ FIXSUP,,)

where,
NODE_DMD,,
NODE_CDMDy,,

net node demands in region r, for network n (Bcf)

net node demands remaining constant each NEMS iteration in
region r, for network n (Bcf)

net node demands remaining constant within a forecast year in
region r, for network n (Bcf)

Pipeline fuel consumption in region r, for network n (Bcf)
Seasonal flow on network n, along arc a [out of region r] (Bcf)

YEAR_CDMDy

PFUEL.,
FLOW, 4
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ZNGQTY _Fnonuyr
ZNGQTY _lnonur
ZNGUQTY _Fjuil
ZNGUQTY _ljutii
ZADGPRD;
DISCRn’r't

CN_DISCRycn
CN_DMDy;

SAFLOW,

SAFLOW,

QAK_ALB;
ZTOTSUP,

OGQNGIMP,
CN_FIXSUP¢y,

PK1, PK2

PKSHR_DMDgny,r

PKSHR_UDMDjyi

PKSHR_PROD;
PKSHR_CDMD

PKSHR_YR
PKSHR_SUPLM

Core demands in region r, by nonelectric sectors nonu (Bcf)
Noncore demands in region r, by nonelectric sectors nonu(Bcf)
Core utility demands in NGTDM/EMM subregion jutil [subset of
region r] (Bcf)

Noncore utility demands in NGTDM/EMM subregion jutil [subset
of region r] (Bcf)

Onshore and offshore associated-dissolved gas production in
supply subregion s (Bcf)

Lower 48 discrepancy in region r, for network n, in forecast year t
(BCf)58

Canada discrepancy in Canadian region cn, for network n (Bcf)
Canada demand in Canadian region cn, in forecast year t (Bcf,
Appendix E)

Secondary flows out of region r, along arc a [includes Canadian
and Mexican exports, Canadian gas that flows through the U.S.,
and lower 48 bidirectional flows] (Bcf)

Secondary flows into region r, along arc a' [includes Mexican
imports, Canadian imports into the East North Central Census
Division, Canadian gas that flows through the U.S., and lower 48
bidirectional flows] (Bcf)

Natural gas flow from Alaska into Alberta via pipeline (Bcf)
Total supply from SNG liquids, SNG coal, and other supplemental
in forecast year t (Bcf)

LNG imports from LNG region L, in forecast year t (Bcf)

Fixed supply from Canadian region cn, in forecast year t (Bcf,
Appendix E)

Fraction of flow corresponding to peak season (composed of
PKSHR_ECAN, PKSHR_EMEX, PKSHR_ICAN,
PKSHR_IMEX, or PKSHR_YR)

Average (2001-2008) fraction of annual consumption in each
nonelectric sector in region r corresponding to the peak season
Average (1994-2008, except New England 1997-2008) fraction of
annual consumption in the electric generator sector in region r
corresponding to the peak season

Average (1994-2008) fraction of annual production in supply
region s corresponding to the peak season (fraction, Appendix E)
Fraction of annual Canadian demand corresponding to the peak
season (fraction, Appendix E)

Fraction of the year represented by the peak season

Average (1990-2008) fraction of supplemental supply
corresponding to the peak season

*8projected lower 48 discrepancies are primarily based on the average historical level from 1999 to 2007. Discrepancies are
adjusted in the STEO years to account for STEO discrepancy (Appendix E, STDISCR) and annual net storage withdrawal
(Appendix E, NNETWITH) forecasts, and differences between NEMS and STEO total consumption levels Appendix E,
STENDCON). These adjustments are phased out over a user-specified number of years (Appendix E, STPHAS_YR).
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PKSHR_ILNG = Fraction of LNG imports corresponding to the peak season
PKSHR_ECAN = Fraction of Canadian exports transferred in peak season
PKSHR_ICAN = Fraction of Canadian imports transferred in peak season
PKSHR_EMEX = Fraction of Mexican exports transferred in peak season
PKSHR_IMEX = Fraction of Mexican imports transferred in peak season
r = region/node
n = network (peak or off-peak)
PK,OP = Peak and off-peak network, respectively
nonu = Nonelectric sector ID: residential, commercial, industrial,
transportation
jutil = Utility sector subregion ID in region r
a,a = Arc ID for arc entering (2') or exiting (a) region r
s = Supply subregion ID into region r (1-21)
cn = Canadian supply subregion ID in region r (1-2)
L = LNG import region ID into region r (1-12)
st = Arc ID corresponding to storage supply into region r
t = Current forecast year

Pipeline Fuel Use and Intraregional Flows

Pipeline fuel consumption represents the natural gas consumed by compressors to transmit gas
along pipelines within a region. In the ITS, pipeline fuel consumption is modeled as a regional
demand component. It is estimated for each region on each network using a historically based
factor, corresponding net demands, and a multiplicative scaling factor. The scaling factor is used
to calibrate the results to equal the most recent national Short-Term Energy Outlook (STEO)
forecast™ for pipeline fuel consumption (Appendix E, STQGPTR), net of pipeline fuel
consumption in Alaska (QALK_PIP), and is phased out by a user-specified year (Appendix E,
STPHAS_YR). The following equation applies:

PFUEL,, = PFUEL_FAC,:* NODE_DMD.,,*SCALE_PF (54)
where,

PFUEL,,

PFUEL_FAC,,

Pipeline fuel consumption in region r, for network n (Bcf)
Average (2003-2008) historical pipeline fuel factor in region r, for
network n (calculated historically for each region as equal
PFUEL/NODE_DMD)

NODE_DMD,, = Netdemands (excluding pipeline fuel) in region r, for network n
(Bcf)
SCALE_PF = STEO benchmark factor for pipeline fuel consumption
n = network (peak and off-peak)

r region/node

*E|A produces a separate quarterly forecast for primary national energy statistics over the next several years. For certain
forecast items, the NEMS is calibrated to produce an equivalent (within 2 to 5 percent) result for these years. For AEO2010, the
years calibrated to STEO results were 2009 and 2010.
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After pipeline fuel consumption is calculated at each node on the network, the regional/seasonal
value is added to net demand at the respective node. Flows into a node (FLOW, ;) are then
defined using net demands and a sharing algorithm (described below). The regional pipeline fuel
quantity (net of intraregional pipeline fuel consumption) ® is distributed over the pipeline arcs
entering the region. This is accomplished by sharing the net pipeline fuel quantity over all of the
interregional pipeline arcs entering the region, based on their relative levels of natural gas flow:

FLOW .

(55)
TFLOW

ARC_PFUELna = (PFUELy, - INTRA_PFUEL.,,)*

where,
ARC_PFUEL,,

Pipeline fuel consumption along arc a (into region r), for network n

(Bcf)

PFUEL,, = Pipeline fuel consumption in region r, for network n (Bcf)
INTRA_PFUEL,, = Intraregional pipeline fuel consumption in region r, for network n
(Bcf)
FLOW,. = Interregional pipeline flow along arc a (into region r), for network
n (Bcf)
TFLOW = Total interregional pipeline flow [into region r] (Bcf)
n = network (peak and off-peak)
r = region/node
a = arc

Pipeline fuel consumption along an interregional arc and within a region on an intrastate pipeline
will have an impact on pipeline tariffs and node prices. This will be discussed later in the Arc,
Node, and Storage Prices subsection.

The flows of natural gas on the interstate pipeline system within each NGTDM region (as
opposed to between two NGTDM regions) are established for the purpose of setting the
associated revenue requirements and tariffs. The charge for moving gas within a region
(INTRAREG_TAR), but on the interstate pipeline system, is taken into account when setting city
gate prices, described below. The algorithm for setting intraregional flows is similar to the
method used for setting pipeline fuel consumption. For each region in the historical years, a
factor is calculated reflective of the relationship between the net node demand and the
intraregional flow. This factor is applied to the net node demand in each forecast year to
approximate the associated intraregional flow. Pipeline fuel consumption is excluded from the
net node demand for this calculation, as follows:

®Currently, intraregional pipeline fuel consumption (INTRA_PFUEL) is set equal to the regional pipeline fuel consumption
level (PFUEL); therefore, pipeline fuel consumption along an arc (ARC_PFUEL) is set to zero. The original design was to
allocate pipeline fuel according to flow levels on arcs and within a region. It was later determined that assigning all of the
pipeline fuel to a region would simplify benchmarking the results to the STEO and would not change the later calculation of the
price impacts of pipeline fuel use.
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Calculation intraregional flow factor in an historical year:

FLO_FAC:: = INTRA_FLO., / (NODE_DMDu, - PFUEL.,) (56)
Forecast of intraregional flow:

INTRA_FLOn: = FLO_FAC:,* ( NODE_DMDn, - PFUEL., ) (57)

where,
INTRA_FLO;,

Intraregional, interstate pipeline flow within region r, for network
n (Bcf)

PFUEL,, = Pipeline fuel consumption in region r, for network n (Bcf)
NODE_DMD,, = Netdemands (with pipeline fuel) in region r, for network n (Bcf)
FLO_FAC,, = Average (1990 - 2007) historical relationship between net node
demand and intraregional flow
n network (peak and off-peak)

r region/node
Historical annual intraregional flows are set for the peak and off-peak periods based on the peak
and off-peak share of net node demand in each region.

Sharing Algorithm, Flows, and Capacity Expansion

While moving systematically downward from node to node through the acyclic network, a
sharing algorithm is used to allocate net demands (NODE_DMD,, ) across all arcs feeding into
the node. These “inflow” arcs carry flows from local supply sources, storage (net withdrawals
during peak period only), or other regions (interregional arcs). If any of the resulting flows
exceed their corresponding maximum levels,®* then the excess flows are reallocated to the
unconstrained arcs, and new shares are calculated accordingly. At each node within a network,
the sharing algorithm determines the percent of net demand (SHR;, »¢) that is satisfied by each of
the arcs entering the region.

The sharing algorithm dictates that the share (SHR;, »1) of demand for one arc into a node is
proportional to the share defined in the previous model year.®® This proportion is a
multiplicative value represented as the ratio of the inverse price (defined the previous cycle up
the network tree) along the arc, to the average of all inverse prices along all arcs going into that
node. The price term (ARC_SHRPR, ;) represents the unit cost associated with an arc going into
a node, and is defined as the sum of the unit cost at the source node (NODE_SHRPR;,) and the
tariff charge along the arc (ARC_SHRFEE, 5 ). (A description of how these components are
developed is presented later.) The variable y is an assumed parameter that is always positive.
This parameter can be used to prevent (or control) broad shifts in flow patterns from one forecast

1 Maximum flows include potential pipeline or storage capacity additions, and maximum production levels.

82When planned pipeline capacity is added at the beginning of a forecast year, the value of SHR,.; is adjusted to reflect a
percent usage (PCTADJSHR, Appendix E) of the new capacity. This adjustment is based on the assumption that last year’s share
would have been higher if not constrained by the existing capacity levels.
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year to the next. Larger values of y increase the sensitivity of SHR 3¢ t0 relative prices; a very
large value of y would result in behavior equivalent to cost minimization. The algorithm is
presented below:

ARC_SHRPR{,
— ——*SHRa11

SHRn,a,t = _
> ARC_SHRPR7, (58)
b

N

where,

SHRpat, SHRhat1 = The fraction of demand represented along inflow arc a on network
n, in year t (or year t-1) [Note: The value for year t-1 has a lower
limit set to 0.01]
The last price calculated for natural gas from inflow arc a (or b) on
network n [i.e., from the previous cycle while moving up the
network] (87$/Mcf)
Total number of arcs into a node
Coefficient defining degree of influence of relative prices
(represented as GAMMAFAC, Appendix E)
forecast year
network (peak or off-peak)
arc into a region
region/node
set of arcs into a region

ARC_SH RPRn'a orb

<2

O = 929 5 —~
[ N F e T ||

[Note: The resulting shares (SHR51) along arcs going into a node are then normalized to ensure
that they add to one.]

Seasonal flows are generated for each arc using the resulting shares and net node demands, as
follows:

FLOW,. = SHRp2¢* NODE_ DMD, (59)
where,
FLOW,, = Interregional flow (into region r) along arc a, for network n (Bcf)
SHRnat = The fraction of demand represented along inflow arc a on network
n, in yeart
NODE_DMD,, = Netnode demands in region r, for network n (Bcf)
n = network (peak or off-peak)
a = arcintoaregion

r region/node

These flows must not exceed the maximum flow limits (MAXFLO, , ) defined for each arc on
each network. The algorithm used to define maximum flows may differ depending on the type
of arc (storage, pipeline, supply, Canadian imports) and the network being referenced. For
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example, maximum flows for all peak network arcs are a function of the maximum permissible
annual capacity levels (MAXPCAPgk » ) and peak utilization factors. However, maximum
pipeline flows along the off-peak network arcs are a function of the annual capacity defined by
peak flows and off-peak utilization factors. Thus, maximum flows along the off-peak network
depend on whether or not capacity was added during the peak period. Also, maximum flows
from supply sources in the off-peak network are limited by maximum annual capacity levels and
off-peak utilization. (Note: storage arcs do not enter nodes on the off-peak network; therefore,
maximum flows are not defined there.) The following equations define maximum flow limits
and maximum annual capacity limits:

Maximum peak flows (note: for storage arcs, PKSHR_YR=1):

MAXFLOgy , = MAXPCAP, . * (PKSHR_YR *PKUTZ,) (60)
such that MAXPCAPPK ,a
for Supply®:

MAXPCAPsk . = ZOGRESNG, * ZOGPRRNG, * MAXPRRFAC™* (61)

(1-(PCTLP, *SCALE_LP,))

for Pipeline:

MAXPCAPsk . = PTMAXPCAP; | (62)
for Storage:

MAXPCAPsx . = PTMAXPSTR (63)
for Canadian imports:

MAXPCAPsk . = CURPCAP, (64)
Maximum off-peak pipeline flows:

MAXFLOgp, = MAXPCAPq ., * ((1- PKSHR_YR) *OPUTZ,) (65)

such that MAXPCAPOP,a is either current capacity:

83In historical years, historical production values are used in place of the product of ZOGRESNG and ZOGPRRNG.
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MAXPCAPor2 = CURPCAP (66)

or current capacity plus capacity additions,

MAXPCAP,,, =CURPCAP,, + ((1+ XBLD)*
FLOW, 67
( FR.a — CURPCAP,))) 7
PKSHR_YR *PKUTZ, '

or, for pipeline arc entering region 10 (Florida), peak maximum capacity,

MAXPCAPop. = MAXPCAPex o (68)
Maximum off-peak flows from supply sources:

MAXFLOop, = MAXPCAP,, , * ((1- PKSHR_YR) * OPUTZ,) (69)

where,
MAXFLO, ,

Maximum flow on arc a, in network n [PK-peak or OP-off-peak]

(Bcf)

MAXPCAP,, = Maximum annual physical capacity along arc a for network n (Bcf)
CURPCAP,;: = Current annual physical capacity along arc a in year t (Bcf)
ZOGRESNGs = Natural gas reserve levels for supply source s [defined by OGSM]
(Bcf)
ZOGPRRNGs = Expected natural gas production-to-reserves ratio for supply source

s [defined by OGSM] (fraction)

MAXPRRFAC = Factor to set maximum production-to-reserves ratio

[MAXPRRCAN for Canada] (Appendix E)

Average (1996-2008) fraction of production consumed as lease and

plant fuel in forecast year t

SCALE_LP; = Scale factor for STEO year percent lease and plant consumption

for forecast year t to force regional lease and plant consumption
forecast to total to STEO forecast.

PTMAXPCAP;; = Maximum pipeline capacity along arc defined by source node i and
destination node j [defined by PTS] (Bcf)

PCTLP;

PTMAXPSTRg = Maximum storage capacity for storage source st [defined by PTS]
(Bcf)
FLOWpka = Flow along arc a for the peak network (Bcf)
PKSHR_YR = Fraction of the year represented by peak season

PKUTZ, = Pipeline utilization along arc a for the peak season (fraction,
Appendix E)

OPUTZ, = Pipeline utilization along arc a for the off-peak season (fraction,
Appendix E)

XBLD = Percent increase over capacity builds to account for weather

(fraction, Appendix E)
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a = arc
t = forecast year
n = network (peak or off-peak)
PK, OP = peak and off-peak network, respectively
s,st = supply or storage source
I,j = regional source (i) and destination (j) link on arc a

If the model has been restricted from building capacity through a specified forecast year
(Appendix E, NOBLDYR ), then the maximum pipeline and storage flow for either network will
be based only on current capacity and utilization for that year.

If the flows defined by the sharing algorithm above exceed these maximum levels, then the
excess flow is reallocated along adjacent arcs that have excess capacity. This is achieved by
determining the flow distribution of the qualifying adjacent arcs, and distributing the excess flow
according to this distribution. These adjacent arcs are checked again for excess flow and, if
found, the reallocation process is performed again on all arcs with space remaining. This applies
to supply and pipeline arcs on all networks, as well as storage withdrawal arcs on the peak
network. To handle the event where insufficient space or supply is available on all inflowing
arcs to meet demand, a backstop supply (BKSTOP,,, ) is available at an incremental price
(RBKSTOP_PADJ, ). The intent is to dissuade use of the particular route, or to potentially
lower demands. Backstop pricing will be defined in another section below.

With the exception of import and export arcs,®* the resulting interregional flows defined by the
sharing algorithm for the peak network are used to determine if pipeline capacity expansion
should occur. Similarly, the resulting storage withdrawal quantities in the peak season define the
storage capacity expansion levels. Thus, initially capacity expansion is represented by the
difference between new capacity levels (ACTPCAP, ) and current capacity (CURPCAP,;,
previous model year capacity plus planned additions). In the module, these initial new capacity
levels are defined as follows:

Storage:
FLOWrk 2
ACTPCAP, = ———— =2 (70)
PKUTZ,
Pipeline:
ACTPCAP, = MAXPCAPoe . (71)

®*For AEO2010 capacity expansion on Canadian import arcs were set exogenously (PLANPCAP, Appendix E).
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Pipeline arc entering region 10 (Florida):

FLOWek a

.= MAX between
ACTPCAP PKSHR_YR *PKUTZ,

(72)
FLOWor.a
(1-PKSHR_YR )*OPUTZ,
where,
ACTPCAP, = Annual physical capacity along an arc a (Bcf)
MAXPCAPor, = Maximum annual physical capacity along pipeline arc a for
network n [see equation above] (Bcf)
FLOW,, = Flow along arc a on network n (Bcf)
PKUTZ, = Maximum peak utilization of capacity along arc a (fraction,
Appendix E)
OPUTZ, = Maximum off-peak utilization of capacity along arc a (fraction,
Appendix E)
PKSHR_YR = Fraction of the year represented by the peak season
a = pipeline and storage arc
n = network (peak or off-peak)
PK = peakseason
OP = off-peak season

A second check and potential adjustment are made to these capacity levels to insure that capacity
is sufficient to handle estimated flow in the peak month of each period.®® Since capacity is
defined as sustained capacity, it is assumed that the peak month flows should be in accordance
with the maximum capacity requirements of the system, short of line packing, propane
injections, and planning for the potential of above average temperature months.®® Peak month
consumption and supply levels are set at an assumed fraction of the corresponding period levels.
Based on historical relationships, an initial guess is made at the fraction of each period’s net
storage withdrawals removed during the peak month. With this information, peak month flows
are set at the same time flows are set for each period, while coming down the network tree, and
following a similar process. At each node a net monthly demand is set equal to the sum of the
monthly flows going out of the node, plus the monthly consumption at the node, minus the
monthly supply and net storage withdrawals. The period shares are then used to set initial
monthly flows, as follows:

SHRn,a,t

MTHFLW,.=MTH_NETNOD,  * <> nnat
| "> SHRue (73)

where,

Currently this is only done in the model for the peak period of the year.
%70 represent that the pipeline system is built to accommodate consumption levels outside the normal range due to colder than
normal temperatures, the net monthly demand levels are increased by an assumed percentage (XBLD, Appendix E).
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MTHFLW,, = Monthly flow along pipeline arc a (Bcf)
MTH_NETNOD,, = Monthly net demand at node r (Bcf)

SHRn,: = Fraction of demand represented along inflow arc a
c = setofarcsinto aregion representing pipeline arcs
n = network (peak or off-peak)
a = arcintoaregion
r = region/node
t = forecast year

These monthly flows are then compared against a monthly capacity estimate for each pipeline
arc and reallocated to the other available arcs if capacity is exceeded, using a method similar to
what is done when flows for a period exceed maximum capacity. These adjusted monthly flows
are used later in defining the net node demand for nodes lower in the network tree. Monthly
capacity is estimated by starting with the previously set ACTPCAP for the pipeline arc divided
by the number of months in the year, to arrive at an initial monthly capacity estimate
(MTH_CAP). This number is increased if the total of the monthly capacity entering a node
exceeds the monthly net node demand, as follows:

INIT_CAPADD,,

MTH_CAPADD, , = MTH_TCAPADD, * .
' > INIT_CAPADD,, (74)

where,
MTH_CAPADD,, = Additional added monthly capacity to accommodate monthly flow
estimates (Bcf)
MTH_TCAPADD, = Total initial monthly capacity entering a node minus monthly net
node demand (Bcf), if value is negative then it is set to zero
MTHFLWa - MTH_CAPa, if value is negative then it is set to zero

(Bcf)

INIT_CAPADD, 4

n = network (peak or off-peak)
a = arcintoaregion
c = setofarcsinto aregion representing pipeline arcs

The additional added monthly capacity is multiplied by the number of months in the year and
added to the originally estimated pipeline capacity levels for each arc (ACTPCAP). Finally, if
the net node demand is not close to zero at the lowest node on the network tree (node number 24
in western Canada), then monthly storage levels are adjusted proportionally throughout the
network to balance the system for the next time quantities are brought down the network tree.

Wellhead and Henry Hub Prices

Ultimately, all of the network-specific consumption levels are transferred down the network trees
and into supply nodes, where corresponding supply prices are calculated. The Oil and Gas
Supply Module (OGSM) provides only annual price/quantity supply curve parameters for each
supply subregion. Because this alone will not provide a wellhead price differential between
seasons, a special methodology has been developed to approximate seasonal prices that are
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consistent with the annual supply curve. First, in effect the quantity axis of the annual supply
curve is scaled to correspond to seasonal volumes (based on the period’s share of the year); and
the resulting curves are used to approximate seasonal prices. (Operationally within the model
this is done by converting seasonal production values to annual equivalents and applying these
volumes to the annual supply curve to arrive at seasonal prices.) Finally, the resulting seasonal
prices are scaled to ensure that the quantity-weighted average annual wellhead price equals the
price obtained from the annual supply curve when evaluated using total annual production. To
obtain seasonal wellhead prices, the following methodology is used. Taking one supply region at
a time, equivalent annual production levels (ANNSUP) are determined for each seasonal model
result, as follows:

Peak:
NODE_QSUP,, .
ANNSUP = : (75)
PKSHR_YR
Off-peak:
NODE_ QSUP
ANNSUP = = OWPor, (76)
(1- PKSHR_YR)
where,
ANNSUP Equivalent annual production level (Bcf)

Seasonal (n=PK-peak or OP-off-peak) production level for supply
region s (Bcf)

NODE_QSUP,

PKSHR_YR = Fraction of year represented by peak season
PK = peak season
OP = off-peak season
s = supply region

Next, estimated seasonal prices (SPSUP,) are obtained using these equivalent annual production
levels and the annual supply curve function. These initial seasonal prices are then averaged,
using quantity weights, to generate an equivalent average annual supply price (SPAVG;). An
actual annual price (PSUP) is also generated, by evaluating the price on the annual supply
function for a quantity equal to the sum of the seasonal production levels. The average annual
supply price is then compared to the actual price. The corresponding ratio (FSF) is used to
adjust the estimated seasonal prices to generate final seasonal supply prices (NODE_PSUP, ) for
a region.

For a supply source s,

Fsp = PSUPs (77)

SPAVG:
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and,

NODE_PSUP, . = SPSUP, * FSF (78)
where,
FSF = Scaling factor for seasonal prices
PSUPs = Annual supply price from the annual supply curve for supply
region s (87$/Mcf)
SPAVGs = Quantity-weighted average annual supply price using peak and off-

peak prices and production levels for supply region s (87$/Mcf)

NODE_PSUP, ¢ Adjusted seasonal supply prices for supply region s (87$/Mcf)

SPSUP, = Estimated seasonal supply prices [for supply region s] (87$/Mcf)
n = network (peak or off-peak)
s = supply source

During the STEO years (2009 and 2010 for AEO2010), national average wellhead prices (lower
48 only) generated by the model are compared to the national STEO wellhead price forecast to
generate a benchmark factor (SCALE_WPR;). This factor is used to adjust the regional (annual
and seasonal) lower 48 wellhead prices to equal STEO results. This benchmark factor is only
applied during the STEO years. The benchmark factor is applied as follows:

Annual:
PSUP, = PSUP,*SCALE_WPR, (79)
Seasonal:
NODE_PSUP, .= NODE_PSUP, ;*SCALE_WPR, (80)
where,
PSUPs = Annual supply price from the annual supply curve for supply

region s (87$/Mcf)

NODE_PSUP, ¢ Adjusted seasonal supply prices for supply region s (87$/Mcf)

SCALE_WPR; = STEO benchmark factor for wellhead price in year t
n = network (peak or off-peak)
s = supply source
t = forecast year

A similar adjustment is made for the Canadian supply price, with an additional multiplicative
factor applied (STSCAL_CAN, Appendix E) which is set to align Canadian import levels with
STEO results.

While the NGTDM does not explicitly represent the Henry Hub within its modeling structure,
the module reports a projected value for reporting purposes. The price at the Henry Hub is set
using an econometrically estimated equation as a function of the lower 48 average natural gas
wellhead price, as follows:
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00GHHPRNG, =1.00439 