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EIA Perspective

This contractor report was prepared by Logistics Management
Institute and provides documentation of the version of the
Project Independence Evaluation System (PIES) as it existed
on January 1, 1978, Since that date, PIES has evolved into
what is now called the Mid Range Energy Market Model (MEMM),
a major component of the Mid Range Energy Forecasting System
(MEFS). Major structural changes that have occurred between
January 1, 1978 and January 1, 1979, are documented in the
supplemental volume entitled, "Revisions to the Midterm
Energy Market Model Relating to Natural Gas Regulation,
Advanced Technologies, Coal Demand and Dynamics." . Together,
the six volume set of documentation, plus the supplemental
volume on revisions, form the most comprehensive and up-to-
date version of MEMM documentation currently available,
documentation which significantly surpasses in both form and
content the single volume published in January, 1977.

Although this documentation has not gone through the appro-
priate review process and clearance procedures to be published
as an EIA endorsed report, it is currently being made available
in its present form as an interim measure to satisfy many
outstanding requests for MEMM documentation. As this report
has not been submitted to comprehensive review, EIA does not
endorse any information contained herein. The documenta-

tion is presently being subjected to comprehensive review

both inside and outside the Department of Energy. A contract
is currently in process to update it to the version used for
the 1978 Annual Report to Congress (published in July 1979).
This new version of the documentation report is intended to
bring the MEMM documentation into conformity with EIA's '
documentation standards and to respond to any issues raised

as a result of the review process. The results of the

latter effort will result in a set of MEMM documentation

fully cleared and endorsed by EIA, available in 1980.
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. PREFACE

This documentation describes the PIES Integrating Model as it existed on

January 1, 1978. The complete documentation consists of seven volumes describing the

various aspects of the Integrating Model as follows:

Volume I is an executive summary, providing'a simple, nontechnical overview of
PIES.

Volume II is a primer, describing and illustrating the basic inputs to the PIES

~algor1thm.

Volume III is a user's guide, describing scenario specification and the operationalA
procedures for running the Integrating Model

Volume IV is the main model documentation, deseribing the theoretical basis of
the Integrating Model and each of the supply submodels.

Volume V is code documentation, describing the data processing aspects of PIES:
the data flow through the PIES programs, the functions performed by each
program, the data inputs and outputs, and the PIES naming conventions.

Volume V1 is data documentation, containing the standard table data used for the
April 1978 Administrator's Annual Report, along with primary data sources and
the office responsible. It also contains a copy of a PIES Integrating Model
Report with a description of its contents.

Volume VII is a documentation of the PIES capital sector, containing a
description of a sample PIES Capital Report, and a discussion of how additional
calculations can be used to augment the values in the report.

The data 'and scenarios used in-. these volumes are those used in the 1978 EIA Annual

Report to Congress, prepared by the Energy Information Administration. In all volumes,

we refer to this report as the Administrator's Annual Report (AAR).

i
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I. OVERVIEW

A. INTRODUCTION

This volume is a description of the Project Independence Evaluation System (PIES) as
a computer system. I} is intended for readers wanting a basic understanding of the
computer implementation of PIES rather than an understanding of the modeling
methodology.1 It can assist those who wish to run PIES on the EIA computer facility or té
use PIES on their own facilities, or to analyze the PIES computer processing.

The document contains:

- an overview of the computer implementation

- a description of the data and naming conventions used in PIES

- a functional description of PIES data processing

- PIES hafdware and software requirements

- an operational description of the PIES processing flow.

This overview defines the scope of PIES in this report and thus governs the computer
system descriptior}s that follow. It also provides an historical view of the development of
PIES.

We stress that the perspective used throughout ,this report describes PIES as a
computer system, not as anhanalytical model. Although these aspects of PIES overlap
considerably, there are differences, particularly- in discussing PIES functional
characteristics, the processing flow, and in defining the scope of PIES and its subsets.

The content of this report is based on.the Federal Information Processing Standards
(FIPS) for system documentation as specified in FIPS Publication Number 38¥ Guidelines

for Documentation of Computer Programs and Automated Data Systems,

1A description of the PIES model is contained in Volume IV of this documentation
series.
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February 15, 1976. As the FIPS guidelines support ongoing syster.ﬁs des}gn and
develdpment efforts and this report documents an existing system where development
issues have already been answered énd do not require documentation (e.g., organizational
impact), some departure from the guidelines do ocecur.

B. HISTORICAL BACKGROUND OF PIES

The OPEC oil embargo of 1973 established an awareness of the world energy
situation. One result of this crisis was Prpject Independence which w‘\as established to
evaluate the prospects ;af U.S. independence in energy use and provide a framework for
developing a national energy policy. The analysis involved forecasting future U.S. er;ergy
production and consumption under a number of alternative strategies. A computer model,
PIES, was developed by fhe Federal Energy Administration, Supply and Integratioh
Analysis Division in 1974, PIES forecasts for 1977, 1980, and 1985 contributed to the 1974

Project Independence Report, published by FEA.

PIES has become larger and more sophisticated in the intervening years. The
modeling aspects have been expanded, increasing the volume and detail of the data. As
the analysés of energy supply ar;d demand have improved, so have the\ data and the PIES
modeling. For example, the current version includes a breakdown of the demand sector in
the LP matx‘ix.2 This_allows a more complete 'breakdown of the LP solution and a more
accurate forecast for energy demand than previously.

While data and modeling have improved, so has the computer system. Changes can
be made to supply data in the model without r:arunning earlier processes. The
equilibrating mechanism for supply and demand has been modularized to increase its
processing efficiency and ease of maintenance. Evaluations of mathematical software
packages have ensured that PIES software is efficient, éasy-to-use, and oriented to
appropriate processing functions.b On-line data entry and editing allow PIES analysts

greater flexibility and efficiency.

2Demand sectors include residential, commercial, and industrial areas, which are
within U.S. geographic regions.



A data base maintenance system has been recently completed to provide‘control and
documentation of input data. Customized programs have been written to allow on-line
interactive query of PIES solution, matrix, report, data'and tracking files.

In addition, more efficient pfograms and system resource utilization have decreaéed
overall processing time, even though the amount of ’mo"de‘lqing and volume of data have
increased significantly.

Future enhancements of PIES will include:

- standard procedures for public access to PIES

- further data processing improvements

- an easy-to-use run initiator tov allow on—l'ine‘interactive job setup of PIES runs

- validation of PIES data and modeling. '

With the creation of the Department of Energy (DOE), the PIES staff became part of
the DOE Energy Information Administration. Although analysts throughout EIA provide
support for PIES, the staff of the Office of Integrative Analysis' Division of Mid Rangt\a
Analysis has primary responsibility for the model, and they are referred to as the "PIES
staff" in this report. They are the analysts who run the PIES Integrating Model.

PIES is currently used t\>y DOE to forecast energy prices, supplies, demands, and
conversion activities.3 It is also an arlxalyticél tool for examining the potential '.impact of
changes in Federal policies through the specificati'on of alternate scenarios.

PIES users include: DOE Energy Information Administration, DOE Office of Policy
and Evaluation, the White House, the Congress, the energy industry, researchers' and
universities, and public interest groups. |

C. COMPUTER SYSTEM OVERVIEW

PIES is a set of interrelated models, manual analyses, data files, and data processing
functions as illustrated in Figure I-1. The PIES computer system, as described in'this

report, is that of the Integrating Model. The PIES Integrating Model begins with raw data

3The conversion of one form of energy to another, e.g., coal to electricity.
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inputs from supply and demand "satellite” models and ends with the production of the
PIES Integrating (Model Report.

PIES initial forecasting is an analysis of the supply and demand of each primary fuel,
energy facility type, and ehergy product (e.g., electricity). These analyses are referred to
as satellite models, which are executed manually, by computer, or in combination. - Many
of these satellite models are independent energy models that focus on a particular enérgy
type (e.g., coal) and provide data to PIES as one of many outputs. Since they are not part
of the PIES Integrating Model, they are not considered part of the PIES computer system
as described in this report; they are treated as data collection processes supplying inputs
to PIES. Figure I-2 illustrates the satellite models and their interface with -the
PIES Integrating Model, which is deseribed in detail below.

Some satellite models are computerized energy m‘odels that provide data to PIES in
an automated form. The National Coal Model, for example, is a DOE system that provides
coal supply input dgtg to PIES in an on-line disk on the DOE computer.4 Other input data
are generated through DOE analysis of available information. This analysis may involve
research from DOE reports, energy industry data, trade publications, etc.‘ Input data on -
supply from emerging technologies (shale, solar, etec.) are the result of such analyses.
Other inputs /come from combining outputs fx;om an energy information system (e.g., the
Federal Energy Data System) with data collected throxigh manual analyses. There are five
satellite models that supply input data to PIES in an automated form and are discussed
later in this report: demand (for all energy), coal, refineries, oil, and gas. The rest of the
supply inputs are provided through manual or combined manual and automated processes.

As illustrated in Figure I-1, the PIES Integrating Model begins with the raw data.

inputs for supply provided by the satellite models. The Demand Model represented in

Figure I-1' is specifically designed for the PIES Integrating Model and is a satellite to it.

4The National Coal Model and PIES are processed on the same DOE computer.
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Its outputs are formatted into the demand file that is ready to be entered later in the PIES _
processing. Tﬁe PIES processing flow is discussed below. |

The first PIES Integrating Model function is the processing of supply, or "raw" data.
These inéuts to PIES are called raw data tables.” They are processed by a set of programs
called preprocessors5 that reformat the raw data into a standa‘rdized.for'mat and perform
some modeling functions. The preprocessor .outputs are called standard tables.

Standard tables are then pm,)cesse'd in the first step of a two-step process that
integrates\the supply and demand data anq calculates an equilibrium between supply and
dgmand. Step 1 enters all the supply data (in the form of standard tables) and produces
the files necesséry for the Step 2 functions: the work\spayce file, the matrix file, and the
compiled report file. The workspace file is an’integrated set of standard tables, created
as the first step in generating the initial LP matrix. The matrix file containing the initial
LP matrix is produced next, with only the supply data entries. The compiled report file
contains all of the data ﬁeeded from the workspace file for the PIES Integrating Model
Report. Solution file values are picked up in Step 2.

Step 2 is run independently of Step 1, with all three files produced by Step 1 as
inputs. The first process, REVISE, accepts as inputs the PIES scenario specification and
changes to supply data (entered by. Step 1 in the matrix) to reflect the specific data
required by the scenario to be run.6 A REVISE file is created using the workspace file as a -
basis for upda'.cing supply data. The REVISE file is then input to-an iterative process of
solving the LP\matrix, checking for equilibrium between supply and demand, modifying the

matrix, and resolving. A problem file and a solution file are used to set up the LP matrix

5These preprocessors are also discussed in Volume IV of this PIES: documentation
series where they are referred to as submodels. The submodels also include relevant logic
from other PIES components.

6Thls permits various PIES scenarios to be run using the same matrix file.
Significant supply data changes requu'e rerunning the approprxate preprocessors and Step 1
before running Step 2.



and solve it in the MPS-III Control Prog'ram.7 QUSER checks the solution file for
convergence between supply-and demand and modifies the matrix if it is not achieved.
The demand file is read by QUSER and used to initialize the matrix for the first iteration.
Upon convergence (or reaching the maximum number of iterations), the solution file is
accessed bv the compiled report file to produce the PIES Integrating Model Report.

The following chapters describe fhe PIES computer system further. Chapter II
describes the data files; chapter Ill, the-naming conventions for data elements in the
primary data files; chapter IV, the PIES subsystems and programs, chapter V, the DOE
computer‘ system on which PIES runs; and chapter VI, the operational sequence used in
running PIES. Because this document is a reference guide, there is some overlap between

the chapters so that, in most cases, they can be read independently of one another.

7MPS-III is a math programming system designed for linear programming problems.



[I. DATA DEFINITION

A. INTRODUCTION

This chapter describes the primary PIES data files: inputs, outputs, and
intermediate files. Each file is defined in terms of its function, data content, and data

structure.

Figure II-1 illustrates the flow of data through the three PIES subsystems: the pre-
processors, Step 1 and Step 2. The primary objective of the preprocessors and Step 1 is to
take the initial supply data (raw data tables) and create the LP matrix needed for the PIES
equilibrating mechanism. The preprocessors reformat the raw data tables (where
necessary) into standard tables. Where computation is required to create the 'propAer data
entries for the LP matrix, it is performed in the preprocessors. More complex processing
is performed in some preprocessors (e.g., utilities, transportation) to model their
activities. All of the standard tables are then integrated into the workspace file, whieh is
used to generate the matrix file, containing the LP matrix; the revise file, used to revise

the matrix file; and the compiled report file, used to generate the final report.

These files are passed to Step 2 in which the equilibrating mechanism operates. The
demand file is integrated into the matrix file along with any changes or additions for the
particular scenario being run (entered via the revise file). Step 2 then goes through an
iterative process with the problem file (created from the matrix file); the solution file,
representing a "solved" LP step; and the revise file, containing changes to set up the
problem file once again. When equilibrium has been reached (or the maximum_ number of

iterations), the report file is produced from the compiled report file and the solution file.

The supply data files are structured as MaGen tables, each with table names, row
names, and column names to allow non-ambigu?us data access. The file formatting is
language-dependent, predominately created through MaGen or MPS-III programs.1 Table

[I-1 details language processors generating the file.

1

1MaGen and MPS-III are mathematical progrémming languages for linear
programming problems.
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TABLE II-1.

File Name

Raw Data Tables
Standard Tables
Workspace File
Matrix File

Compiled Report File
Revise File

Demand File
Problem File
Solution File

Report File

PIES DATA FILES

1. Raw Data Tables

Raw data tables are the initial input of supply data for PIES. They are

data entry for raw data tables.

PIES FILE FORMATS

line file, often in the format of the standard tables.

-

Language Processor

MaGen and Fortran

MaGen

MaGen (internal format)

MaGen (MPS360 format)

MaGen (internal format)

MaGen (MPS360 format)

Fortran

MPS-III (internal format)

MPS-III (communications format)
IBM Print File

Each file is deseribed below in terms of its function and data content.

generated from various sources and structured in different.formats. ‘Some of the data

come directly from satellite models. These generally are passed directly to PIES in an on-.

through analysis of data from energy industry publications, DOE reports, outputs from
other energy systems (including satellite models), and data collected by DOE. This data is
entered by manually creating raw data tables in on-line files, to be accessed by the

preprocessors, or written directly into the preprocessor program.' Table II-2 details the

TABLE II-2. RAW DATA TABLES DATA ENTRY

Energy Material or Facility

Coal

Geothermal and Solar

Imports
Natural Gas
Oil

Refineries
Shale
Syntheties
Transportation
Nuclear Fuel
Utilities

11

Data Entry

National Coal Model and Manual

Manual
Manual

Gas Supply Model and Manual

0il Supply Model
Refinery Model
Manual

Manual

Manual

Manual

Manual

Other raw data tables are created



Manual data entry to on-line files and preprocessor programs is done similarly,
using SUPERWYLBUR, an on-line interactive text editor. ,SUI'{ERWYLBUR is used

through interactive terminals to enter and modify data.

Once the raw data tables have been created, they are input to the
prepr-ocessox's.2 Since they are independent programs',‘ they need only be run when changes

are required to the raw data.

Due to the wide variation in formats and naming conventions, raw data tables

are described in det\ail in chapter III, section E.

2. Standard Tables

Standard tables contain the supply input data that are output from the

preprocessors. These tables are in a standardized format to facilitate the creation of the

LP matrix.3 The standard tables contain the raw data, plus additional information from
f s/

'some modeling performed in specific preprocessors (e.g., utilities, transportation). Except
for. those standard tab]es that are initially entered in etandard table format (imports,
shale, and nuclear fuel), the files are created by preprocessors written in MaGen code.
These files are stored in on-line data sets.I In general, they are tables, with descriptive
row and column headings, as well as a table name. The table names define the use of the
tables. The column names defi;le the data entries in terms of the energy material or
facility Seing described. The row names define the data"s use in the model, i.e., objective

function entry, material balance row entry, activity bound, ete. The naming conventions

for the standard tables and examples are described in chapter IV.

3. Workspace File

The workspace file is basically an integrated set of standard tables. Step 1 of
the Integrating Model (written in MaGen) reads in all the standard tables and creates a
workspace file, which is used for creating the matrix file, the compiled report file, and

the initial revise file.

2Raw data tables for imports, shale, and nuclear fuel are not "preprocessed " as they
are input in standard table format. -

3'I‘her'e are some exceptions to this standardized format, as noted in chapter IIL

12



4. Matrix File
Step 1 of the Integrating Model also creates a matrix file with the proper
arrangement of rows and columns to represent the PIES LP matrix. The matrix file is
created by the matrix generator with the workspace file as iﬁput.

5. Compiled Report File

The compiled report file is a special purpose file written by the MaGen report -
generator code to create the PIES report. The report compiler program in Step 1 extraéts
required information from the workspace file, creates report header information and
partiai report tables, defines mathematical calculations requiring solution file variables,
and produces the compiled report file, During its execution in Step 2, it accesses the
solution file to produce the PIES report.

6. Revise File

A revise file is the means of changing the LP matrix, by modifying existing
data or ;dding new data. Revise files are used in Step 2 oi’ the Integrating Model in two
ways. First, they provide a vmeans for entering scenario-specific data to run Step 2. Tﬁey
permit changes to be made to the LP matrix without regenerating the matrix fite.t
Sécond, a series of revise files contain the LP matrix changes during the iterative Step 2
process of the equilibrating mechanism. Changes to the matrix based on the QUSER
processing of the solution file create a revise file that is integréted with the matrix to
‘recreate the problem file, described below.

, As these files are used by the MPS-III program for solving the LP, the revise
files,4 generated via Fortran, are written in the MPS 360 format.
7. Problem File
Step 2 of the Integrating Model continuously updates the LP matrix during its

iterative process towards an equilibrium. This update requires the creation of a problem

file to be.used in the MPS-III solution process. The MPS-III control program reads in the

4There are changes that require the LP matrix to be regerierated, depending on the
volume and complexity of the changes. '
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revise file and the matrix file and creates the problem file. Initially, the revise file comes
from the scenario specification created by the users. The second and subsequent problem
file updates are driven by the QUSER-created revise file. The problem file is in the
MPS-III file format. _
8. Solution File
The solution file contains the solution to an LP matrix. The initial creation of
the solution file is to supply QUSER with information from the matrix which it uses to
perform the calculations necessary to complete the initialization of the matrix. In
subsequent iterations, the solution file contains the matrix solution produced by the MPS-
I LP routine. QUSER examines the solution file to determine if the present solution
meets the specified convergence criteria for eéuilibrium between supply and demand.
Upon convergence, the solution file is used in generating the PIES report file.
9. Demand File |
The data processing through the initial creation of the solution file uses only
supply data. During the first call of QUSER, the demand file, the input data produced by
the PIES Demand Model, is entered into the LP matrix via the revise file. The Demand
File is a Fortran-created file read by QUSER (also written in Fortran).
10. Report File
The report file is a print-format file containing the output report. This file is
produced by executing the compiled report file which extracts data from the solution file

to produce the PIES Integrating Model Report.

14



III. NAMING CONVENTIONS

A. INTRODUCTION

This chapter defines the naming conventions associated with the PIES data flow.
Where possible, unique énd systematic names have been given to the numerous PIES tables
and their data elements for consistency and easy reference. The descriptions of the
naming conventions are divided according to4 the three major data groups: raw data
tables, standard tables, and the linear proggamming (LP) matrix, as described in
chapters I and II. ’ |

| Naming conventions for PIES raw data are the least consistent, due to the way the
data are developed. Raw data are generated mahually (by DOE analysts) and from
automated systems (other energy models) and are often received in a format consistent
with their source, rather than with PIES. A detailed description of the raw dafa names
can be found in section E below. ‘

The standard tables, on the other hand, are relatively consistent in their
conventions. Most of the tables comply with a basic format for the table names, column
names, and row names. The table néme identifies the type of information contained in the
ta;ble, the scenario, and the targetAyear. The row names define the data for use by the LP
matrix as either pért of the objective function, material balance equation, process li'mit
equation or constraint, accounting equation, or a bound on a specifie activity vector. The
column names describe either the capacity type, region, and mode for facilities; or the
material, region, and'supply curve step for fuels. These naming conventions are described

in more detail in section B below. !

The LP matrix uses strict naming conventions for the rows and columns which are

based on the standard table matmes.1 The row names define the objective function and the

{

1The use of the LP matrix in PIES is described in The Integrating Model of the
Project Independence Evaluation System, Volume IV, chapter I and the PIES Primer
Volume II.
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supply and demand constraints. The column names describe £he activity variables and the
constraint values. The specific naming conventions are described in section C below.

The naming conventions provide standardized data definitions for users and
facilitate efficient operation of the modeling functions. The data within the LP matrix
must be uniquely and consistently defined so PIES can access specific data elements to
perform its operations. The matrix manipulation performed to solve the LP matrix also
requires a standardized format (placement ‘of variables within the matrix) to operate.

| As described earlier in the report, the preprocessors format the raw data into
standard tables for use in generating the LP matrix. The naming conventions used in the
standard tables contain codes that are generally consistent with thoé{e used by the LP
matrix. Each standard ';able is’ a subset of the matrix, and in combination with the other
standard tables, forms the LP matrix. Thus, the naming conventions, as well as the
format, are part of the consistent, methodical process of PIES.

The following sections use a standard format for describing the naming conventions.
All variable characters (numbers and letters) are denoted with parentheses and small
letters. All standard characters are identified by characters not in parentheses (letters
are capitalized). Variables are defined below the naming convention, along with the range
of values that Amay be associated with the“variable character. Frequently used variables
are identified consistently throughout the chapter and defined in section D below.

For example, consider:
¢ TABLE AX (qq) B (y)

where:

(q@) = energy code (Table III-n)

(y)

1

energy type (1,2,3) ~

In this example, "AX" and "B" are standard characters that are always part of the table
name. "qq" is a variable two-character energy code which would be defined in Table IIi-n,

where n is a table number in section D. "y" is a single character which may have one of



the three values indicated. Thus, if "q" can be one of five values, this table naming
convention may describe as many as fifteen tables (if all values are used).
The standard table and LP matrix naming conventions are described next, followed

by standard codes for data used by each. The final section describes the raw data tables.

B. STANDARD TABLES

The naming conventions for standérd tables include the table name, column names,
and row names. Every data element can be uniquely defined, since the intersection of a
row and column within a particular table will identify one data element. The conventions
described below relate synthetics, solar and geothermal, erude oil, coal, refineries, natural
gas, shale, nuclear, imports, and utilities standard tables. Standard tables for
transportation do not follow the same naming conventions and are described in the latter
part of this section.
L Table Names
Standard table names describe the type of information contained, the scenario,

and target year in the following format:

(tf) (s) (yr)

where: _ .
(tf) = table identification (Table III-1)
(s) = scenario (Table MI-2)
(yr) = target year (Table I1I-3)

A standard. table named "OL185'" is a crude oil standard tahle, wfth scenario 1, and a
target year of 1985. "R3190" denotes a standard table describing refineries in region
PADD 3 with scenario 1 and a target year of 1990.2 It should be noted that the "scenario”
used for the standard tables differs fro.m the policy‘ scenario being run, and usually

indicates a ranging variable such as world oil price or an estimate of oil and gas reserves.

2'I‘he table identification defines either the energy material or the energy material and
its region as listed in Table III-1.
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2. Row Names

Standard table raws are named with three-character codes of eight distinet

types:

PRC: the cost coefficient which entérs the objective function named HOLLY

in the matrix ‘
]

M(mt): denotes entries for a material balance equatlon in the matrlx, (mt) is a
material (Table III-4) .

.D(ep): denotes entries for a process limit equation,4 (cp) is a capacity or
facility type (Table II-5)

Q(rs): denotes entries for an accounting equation; (rs) is a resource (these
entries appear in some of the standard tables, but are currently not used
in PIES) (Table III-6)

RHS: a constraint for a process limit equation enters the mght hand side
columns in the matrix t

BND: an ‘upper bound on a specific activity vector which becomes the
UPBOUND ROW in the matrix

BFX: a fixed bound on a specific activity vector which becomes the
FXBOUND ROW in the matrix

BLO: a lower bound on a specific activity vector which becomes the

LOBOUND ROW in the matrix
Standard tables have a variable number of rows and may contain one or all of the above
rows. B
Figure IlI-1 illustrates part of a utilities standard table. The row name "ME2"
and "MCP" are the form M(mt) described above. They represent electricity-intermediate

mode and all sub-bituminous coal, as defined in Table I1I-4.

SThe material balance equations force the total mputs of a matemal to equal the
total outputs.

4 ST, e : o
Process limits bound the capaelty of facililies of restrict the amount of material
available.
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FIIG‘URE m-I
UTILITY STANDARD TABLE (EXAMPLE)

TABLE

HE2
MES
uTo
PRC
“CC
pDPQ
Mce
MZP
TABLE

MES
DTo
PRC
mcC
OPO
mcP
mMZP
TASLE

MEL
0T0
PRC
MCC
0T9
HCT
MZT
, TABLE

ME |
ME2
070
FRC
“CC
0T
MCT
7T
TABLE

ME2
210
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MCC
DTO
¥CT

“1T

Lsi9o
PSR
9140

={,0000
1{.0280

wi,0280

=1.,0000
-.2538
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*CONTINUED
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POUTRS
22570
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=, 2327.
14,0000
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TCU9T]
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eS514&0
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=-.2512
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POVEPS
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={ 0000
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3. Column Names

Column names are composed of six characters and fall into two categories:
facilities and fuél supplies. Facilities tables (utilities, réfineri‘es, nuclear, synthetics,
shale, and solar and geothermal) describe types of energy generated from a facility which
processes one form of energy by either transferring it (e.g., electrical transmission) or by
converting it into another form of enérgy. The naming convention for columns in
facilities tables takes t%e form:

(ep) (1o) (md)
where:

y

(ep) = capacity type for build vectors (not necessarily meamngful for operate
vectors) (Table III-5)

(lo) = location or geographic region (Table III-7)

(md) = mode of operating a facility or building a facility (Table III-5)
For example, Figure Ill-1 contains a column named "POUAP2". This describes the
opc::ration of a new sub-bituminous utility plant ("P0"), in the Northwest region ("UA"),
that will operate in an intermediate mode ("P2"). )

The naming convention for columns of tables for fuel supplies (oil, natural gas,

coal, and nuclear fuel) is: .
(mt) (lo) (ii)

where: ’
(mt) = material type (Table 1II-4)
(Io) = location or geographic region (Table I1I-7)

i) = step on the supply curve (Table III-8)

Figure III-2 illustrates a standard table for crude oil. The column, "LNO745,"
denotes crude oil production as follows. "LN" indicates that the data refer to Louisiana ‘
onshore crude oil, "O7" indicates that production takes place in the West Gulf Basin oil
supply region, (region 7) and "45" indicates the, vintage of the oil field ("4") and the step on
.the price ramp ("5") to which the supply data relate. The tables in section D can be used
to find the above codes as well as most other standard table codes. Exceptions are

v

discussed below.
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FIGURE Im-2
CRUDE OIL STANDARD TABLE (EXAMPLE)

TARLE 0OLb48S
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There are two types of standard tables for imports: "IO(s)(yr)" for oil imports
and "IM(s)yr)" for all other imports and exports. These tables follow the above naming
conventions for fuels, except in the labeling of ecolumns, as illustrated in Figure III-3. The
fifth and sixth characters of trlue column name (ii), ordinarily the supply curve step, are
used differently for I0(s)(yr) and IM(s)(yr) tables. For most of these tables, there is only
one price considered and that price is labeled "I1."

When the material (mt) is liquefied natural gas (IG), Canadian natural gas (CG),
or Mexican natural gas (MG), the fifth character represents a demand region (for which a
price is associated) and the sixth character is ome.5 For instance, IGF121, found on the
left-hand side of Figure IlI-3, refers to liquefied natural gas in demand region 2. The
'amount‘given in the BND row, 241.10, is the contract amount of Zws for that demand
region. PIES is not forced to send that quantity of gas to the indicated demand region; the
contract quantity is used for natural gas regulation purposes. The H regions (e.g., IGHIII)
are for report writer purposes for the IEES—PIES link.

The right-hand side of Figure III-3 is an example of an oil import standard
table (mt=OL). The original structure indicated by the three columns, "I1," "I2," and "I3"
was to represent a fixed quantity of imports cc‘>mposed of a specific bundle of crudes
(indicated by columns ending in "I2"), with changes allowed to that quantity and the crudeé
in the bundle by using columns "I1" and "I3." Specifically, "I1" was to "pay back" oil
imports and "I3" to model an increased quantity of crude. This original structure remains
but the crude bundles are precisely alike as indicated in Figure III-3.

The standard tables for transportation data do not follow the naming
conventions common to the other energy materials and facilities. There ére two sets of

transportation standard tables, one for €ach target year, 1985 and 1990.

A}

5Actual usage of these gas reglon prices is set within the LP program and does not
always coincide with the price-region reflected in the tables.
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FIGURE III-3
IMPORTS STANDARD TABLE (EXAMPLE)

TABLE IMY8Y
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Most of the table names for the transportation tables follow the following

format:

TR (mm) LPRC
where:
(mm) = energy material/transportation mode combination (Table III-10)
These standard tables have per-unit transporation costs along specific links for a
particular material/mode combination. Figure III-4 illustrates some tables of this form.

Exceptions to this standard table naming convention are: TRISPLT, TRBSPLT,
TRCSPLT, TRGSPLT, THRUPT, and TRIPLPRC. TRISPLT, TRBSPLT, TRCSPLT and
TRGSPLT represent the proportions of fuels from supply.regions to demand regions
(associated natural gas, natural gas, coproducts, coal, and intrastate gas t'ables,
respectively). Figure III-5 illustrates a TRCSPLT table. THRUPT contains the loss
factors for natural gas transmission via pipeline. TRIPLPRC is in the form of the other
standard tables, except "IP" is not a material/mode (mm) combination as defined abo-ve.
This table represents the cost of moving intrastate gas by pipeline.

»The row and column headings for the majority of tables are the location or
region (Table IlI-7) of the transportation source or destination. Exceptions to this
convention are the row "PR" in the TRCSPLT table (for the dollars/ton penalty for moving
industrial coal in non-unit-trains) and the addition of two characters to the rowA names in
THRUPT. This row in THRUPT has the form (lo)(mt), where (mt) is the material
transmitted as described in Table IlI-4. Figure III-6 illustrates THRUPT.

The entries in the tables are the cost of transportation between source and
destination in standard units (i.e., dollars per thousand cubic feet, barrel, ton, ete.).
Exceptions to this are TRISPLT, TRBSPLT, TRCSPLT, (Figure III-5) and TRGSPLT tables,
which contain prc;portions (from zero to one) and the THRUPT (Figure 11I-6) table, which

contains loss factors (also between zero and one).
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FIGURE II-4
STANDARD TABLE (EXAMPLE)
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23.70
£3.64
2201§
21 e30
2326
{d,84
234,81
18440
12+08
12758
14485
22elh

ua

1,30
01

T8
4,47
0,31
9,63
6,29
7636
11.87
11.91
15,32
12,09
19,464
24 ,&5
32.56

TH

23,11
26417
26.39
2ddall
21460
19.2%
22474
18,61
13.0%
17.19
10,44
18435

T
Ioud
4,00
TeT6
3,02
.27
10.80
11484
15.09
14,95
18,47
24,38
32.29

T9
6,08
S.78
7.08
3,70
6,79
$.32
9,36
12077
13490
12,49
2410
IGa01

T1
€6,.20
cudep0
gt
€ea.74d
22 ¢50
244,74
1d,28
14,26
15959
23.34
1,38
F.é5

T.
Bel
4,07
9439
2.0
.10
8447
{1438
11,01
15«2V
21,21
£9.12



FIGURE II -5 .
TRANSPORTATION STANDARD TABLE TRCSPLT (EXAMPLE)

TABLE TRCSPLT
01 oe 03 vu DS De D7 D& Cs
T 1,09 '
Te 1.00
T3 «B8V
TL /
TS 20
T4 + 30
T7 030
T8 229
TS 45
TA «10
T8 .10
TC - . 035
D) : : 35
TE s 48
TH 1.00
16 e 69
TH + 59
TI
TJ 20
TK 10
T A 65
(PR 8,00 6,00 8,00 8,00 8,00 8,00 8,00 8,00 8,00
TABLE TRCSPLT «CO~NTINUED )
DA Ul ue u3l Iy Us ub u7z us
Ti 1.00
T2 1.00
T2 eB0
T4 «40
TS 020
TS ¢ 30
7 30
T4 225
T9 45
"TA W10
T8 010
TC + 35
T0 . 85
TE 45
TF 1400
TI 1.00
TJ .20
TK + 10

TL 65

[F=] 8.00

TABLE TWCSPLT =CONTINUED
us Ua kU
T3 1.00
T6 -3
TH 35
7! 1,00

140
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FIGURE IIOI-6
TRANSPORTATION STANDARD TABLE THRUPT (EXAMPLE)

GENG .90 .95 oq'ﬂ .;6 397 .95 .9“ |96 .95
GCNG «B8 96 e/ 98 +97 093 L « 78 2 94
GONG 187 034 ¢ 93 » 95 + 98 «95 0993 « 94 31
GENG 87,97 L,94 ,98  ,37  ,96 ,93 ,9& .92
GING 095 e300 « 90 091 s394 92 196 «93 0 94
GaNG 89
CiNG 88 e 96 97 98 097 098 54 e 96 s 94
CaNG 88 e %4 «97 98 97 253 e 94 96 094
C3NG 91 s 91 e 92 93 'S8 94 ¢80 96 99
CuNG s+ 90 2958 196 96 97 Y] «9h «98 95
L8NG 92 093 93 0 94 196 097 098 «99 097
CaNG +91 «91 «92 093 96 094 98 « 96 099
CING 098 91 91 9 92 295 +93 098 98
CaNG 299 91 9 : 91 92 «9S e 59 e 96 «98
CaNg 095 90 Sy ' 91 «93 194 90 +95 298
CANG e 985S « 90 29¢C « 91 093 94 096 + 95 «58
CaNG 299 «87 oB7 «88 « 29 09 0 9e eS¢ 94
CCNG 2«89
GFUG 099
GDG 99
GHDG 299
5106 «99
BJDG 99
GKDG | .99
5L06 , .99
GMOG 099
GNOf3 «99

TABLE THRUPT «CONTINUED

09 DA Ul Ué us3 va us L6 u7

G3ING 99 096 «B7 87 88 89 91 92 92
G“NG 098 ,94 .Ab |37 056 190 '90 . 093 .92
GANG 0 9S + 94 90 90 091 093 ) 096 «95
GeNG 99 e 95 91 s 31 91 oy 099 99 | L98
GING «93 e 90 091 W92 292 095 W94 «98 96
BENG 91 89 91 92 093 0«96 54 $98 +96
GING « 90 «88 «93 s 94 195 098 2986 098 096
GANMNG 192 91 93 093 e 94 095 «97 98 99
GBNG «90 e 90 98 096 96 2 S7 98 90 «58
GCNG «88 +87 098 97 298 97 «e 98 94 096
GDNG .87 leb ‘lq“ .qs .gs .98 095 095 '9“
GENG «87 087 «97 098 199 «97 + 96 93 e 94
GING 95 195 «90 «90 91 194 092 96 2193
BENG + 89
CING eB88 «B7 58 97 eS8 097 098 194 . L9590
C2NG «88 «87 96 037 «93- 297 95 « 94 190
C2ING 0 9! «59 91 092 093 96 » 94 238 096
CUNG «90 »90 « 95 96 « 86 297 » Q8 «Sh $ G8
CSNG 092 «9! 93 «93 94 96 «97 «98 295
CENG 091 289 « 91! 092 «93 096 + 94 98 50
CTING 99 2995 91 191 e91 092 + 95 095 96
CaNG 099 + 95 21 9 » 91 - 99 299 e 96
CgNG .qs .9(‘ .90 .qo .‘]1 .93 .9“ .96 .‘35
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C. LP MATRIX

The LP matrix is sparse (with approximately 3,000 rows and 9,000 columns) and is
stored in the matrix file. Figure III-7 illustrates the format of the LP matrix, including
the relative locations of data entries. The matrix rows represent various egquations
defining the LP model. The first row is the objective function to be minimized (labeled
"objective minimization" in Figure III-7). The next set of equations are process limits for
refining and electrical facilities. Material balance limits are the next entries, followed by
equations for balancing energy démand. The final row contains the activity bounds (limits)
on the columns in the matrix. |

The columns represent the variables used in the equations, each column (or vector)
representing a specific variable. These are split into activity variables, "build" or facility
expansion variables, imports and-exports, and the demand approximation. The last column
(often referred to as the right hand side) represents capacities, supplies; demands, etc.

The LP matrix entries are coefficients for the variables represented by each column
(except for the right hand side, which contains values as stated above). Since all variables
are represented by the columns, many entries are zero coefficients, where the variable
(column) does not relate to a particular equation. Thus, for process limits of refineries,‘
only those variables relating to refining activities and facility expansion contain entries.
In Figure [II-7, these entries are represented by a box with a code for the applicable
coefficient. The blank areas represent zero coefficients. Entries of "+1" or "-1" represent
the actual coefficients of these locations.

Each data element in the matrix is uniquely defined by its relative row and column
in the matrix. The matrix therefore requires unique and consistent naming conventions
for both rows and columns so that each data element may be easily accessed by the
programs that update and manipulate the matrix. For the benefit of PIES users and
programmers, the standardized codes used are consistent with the standard tables. The

codes for column and row names are described below.
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1. Column Names

The columns in the matrix are often referred to as vectors or activities. The
following lists the primary vectors appearing in the matrix and describes the convention
used in the column name.

A (r) (mt) (ds) (i) 1 - Avoid vector (demand approximation)

where: (r) = second character of the demand region code (Table III-7)
(mt) = material type (Table III-4)
(ds) = demand sector (Table III-9)
(i) = step on the demand curve approximation

PRCBND (lo) - Price bound vector for intrastate gas

where: (lo) = intrastate natural gas rcgion (Table II-7)

SLD (lo) XX1 - Shift vector for intrastate gas to interstate regions

Wheré: (lo) = intrastate gas region

SDG (lo) (lo) 1 - Shift vector for intrastate gas to interstate gas in demand regions
where: (lo) = demand region

D (lo) (mt) (ds) 1 - Demand vector (retail price markups)

where: (lo) = demand region (Table III-7)
(mt) = material type (Table III-4)
(ds) = demand sector (Table III-9)

DSG (lo) (ds) 1 - Substitute fuel bundles vector (natural gas substitutes)

where: (lo) = demand region (Table 0I-7)
(ds) = demand sector (Table III-9)
R (lo) (md) XX1 - Operate vector (electrical generation and refining activity)
where: (lo) = location/region of facility (Table III-7)
(md) = mode of operating facility (Table III-5)

B (lo) (md) XX1 - Build vectors (facility expansion)
where: (lo) = location/region of facility (Table III-7)

(md) type of facility (Table III-5)
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P (mt) (lo) (ii) 1 - Purchase vector (primary production, imports, and exports)

where:  (mt) =  material type (Table I1I-4)

(lo)
(ii)

location region (Table III-7)

supply curve step (Table III-8)

- (t) (mt) (101)'(102) 1 - Transportation vector (primary and product transportation)

where: (t) = mode of transporting the material (T = tanker or barge, U = pipeline,
V = rail or barge) '
(mt) = material type (Table I11-4) .
(101) =  source (location/region) of material (Table III-7)
(102) = destination (location/region) of material (Table III-7)

S (mt) (lol) (log) 1 - Split vector for transportation of material

where: (mt) = material type (Table III-4)
(101) = source (location/region) of material (Table III-7); if not applicable:
lo, = "XX"
1
(102) = destination (location/region) of material (Table 1II-7); if not

applicable: lo2 = "XX"

In addition to these columns, the last column on the right-hand side of the
matrix is named "RHS1." Other matrix columns not described above are internal variables
used to pass information between programs.

2. Row Names

We have indicated the five basic row types. In addition to these, the matrix
contains entries that pass information (e.g., summaries of columns) to other programs,
such as the report generators. The major headings for such rows are also defined.

HOLLY - Objective function

L (lo) (ep) XX1 - Process limit equation

where: (lo) location/region of facility (Table III-7)

(ep) operating capacity of the facility (Table III;S)

M (lo) (mt) XX1 - Material balance equation
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where: (lo) location/region (Table III-7)

(mt) material type (Table Ill~4)

D (lo) (mt) (ds) 1 - Material balance equation for demand sectors

where: (lo) = demand region (Table II-7)
(mt) = material type (Table III-4)
(ds) = demand sector (Table III-9)

B (lo) (md) XX1 - Build constraint equation

where: (lo) location/region (Table III-7)

(mad)

type of facility (Table III-5)

(xx) BNDROW - Activity bounds

where: (xx) = upper (UP), fixed (FX), or lower (LO) bounds
The following rows are used to pass information to PIES reports:

SUM (lo) (m) (mt) = Coal mine type summary row

where: (o) coal region (Table II-7)

(m)

(mt) = coal type (Table IT-4)

mine type (D = deep mine, S = surface mine)

SB (lo) (ds) (mt) - Natural gas shift summary row

where: (lo) = demand region (Table III-7)
(ds) = demand sector (Table III-9)
(mt) = material substituted for natural ga56 (Table I1-4)

Other row names not econforming to those above are internal variables used to
pass data between programs or within a program for temporary data storage.

D. DEFINITIONS OF STANDARDIZED CODES

Many of the PIES naming conventions employ standard codes for their identification.
These codes include energy materials and facilities, locations (regions), capacities, etc.

They are described here in a series of tables referenced throughout the chapter.

6Natural gas substitutes refer to substitute bundles as deseribed in Volume IV of this
documentation series.
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Due to the changing requirements of PIES scenarios, the codes listed in this section

are subject to modification.

Codes directly tied to the scenarios, e.g., Table I1I-2, are

regularly updated to reflect new scenario specifications and are sometimes meaningless

for a particular run.

TABLE
IDENTIFICATION
CODE (tf)

TABLE III-1. STANDARD TABLE IDENTIFIC ATION]'

C1
C2
C3
C4
Cs
Cé
C7
C8
C3
CA
CB
CcC
GE
GS
IM
10
OL
R1
R2
R3
R4
R5
R6
R7
SY
UsS
UT
uu
ov
UwW
UX
Uy
UZ
"UF

DESCRIPTION

Coal-Northern Appalachian
Coal-Central Appalachian
Coal-Southern Appalachian
Coal-Midwest

Coal-Central West

Coal-Gulf

Coal-Northeast Great Plains
Coal-Northwest Great Plains
Coal-Rockies

Coal-Southwest

Coal-Northwest

Coal-Alaska

Solar and Geothermal

Natural Gas

Non-0il Imports

Qil and Oil Products Imports

Crude Oil

Refinery - District PAD1A

Refinery - District PAD2A

Refinery - District PAD3

Refinery - District PAD4

Refinery - District PADS

Refinery - District PAD1B

Refinery - District PAD2B

Syutheties

Utility - Coal Types - New Operates.
Utility - Non-Coal Types - New Operates
Utility - Non-Coal Types - Existing
Utility - Builds

Utility - Average Cost Pricing and Btu Conversion
Utility - Existing Capacity Constraints
Utility - Interstate/Intrastate Substitutions
Utility - Coal Types - Existing

Nuclear Fuel

l'I‘hese codes overlap with the tables for materials and location. Since the table
identification code usage is not consistent, this table is provided for ease of reference.
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ve

Tabhle ldentificntlion
Code (tf)

TABLE Hi-2. SUPPLY SECTOR SCENARIOS

Scenurio Description

Scennrio
Cede (s)

Table ldentification
Code (Uf)

Scenario Description

C1
C2
Cl
C4
C5
Co
C1
(o1}
CY
CA
cB
cC
1

10

Ceal Region )
Ccal Region 2
Canl Region 3
Cool Region 4
Canl Region 5
Conl Region 6
Cunl Region 7
Conl Region 8
Con!t Region 9
Conl Region 10
Conl Region 11
Conl Region 12
Conl Heglon 1
Conl Region 2
Coal Region 3
Conl Region 4
Conl Region §
Conl Region 6
Conal Region 17
Conl Region 8
Conl Region 9
Coal Region 10
Conal Region |1
Coal Region 2
Coal Region 1
Coal Region 2
Conl Region 3
Coal Negion 4
Coal Region 5
Coal Region 6
Coal Hegion 7
Conl Region 8
Coal Region 9
Conl Region 10
Conl Region L1
Coal Region 12
Geo-Solar Base
Geo-Solar High

Base
Base
Base
Base
Base
Dase
Base
Bnse
Base
Dase
Bnse
Base
Iligh Supply/Low Capital
Itigh Supply/Low Capital
High Supply/Low Capital
High Supply/Low Capital
High Supply/l.ow Capital
High Supply/Low Cupital
Iligh Supply/Low Chanital
High Supply/Low Chapital
High Sapply/Low Caobital
High Supply/Low Capital
lligh Supply/Low Zapital
High Supply/l.ow Copital
Low Supply/lligh Capital
Low Supply/Iligh Capital
Low Supply/#ligh Capital
Low Supply/High Cepital
Low Supply/iligh Capital
Low Supply/High Capital
Low Supply/High Capital
Low Supply/High Capital
L.ow Supply/High “apital
L.ow Supply/lligh Capilal
Low Supply/lligh Capitnal
Low Supply/High Capital

Supply/t.ow Capital

Gen-Solar Low Supply/lligh Capitat

Gas Dase

Gns ligh Supply/Low Capital
Gas Low Supply/tligh Cupitnl
Gaz Base - 5% hinport Price lncrease

ns NEA
Imports
lmports
hingorts
lmports
Imj:orts

WG OV AE OO A G B RS LI e L WWWIWW LW WWWW NN N NN NN e DO =IDN LW e

ol
oL
oL
ol
($]1 1
18]

Qit Base

Oil thigh Supply/lLow Capital
Oil Low Supply/lligh Copital
Oil Base - 5% Import Price Increase

Oil NFA
Relinery Region
Refinery Region
Relinery itegion
Relinery Rtegion
Refinary Region
Refinzry legion
Refinzry Region
Relinzry Itegion
Reflinzry Region
Relinary Region
Refinzry Region
Refinary Region
Relinzry Region
Nefinary Region
itelin2ry Region
Nefliewy Region
Relinary ltegion
Relin>ry Region
Relinary Region
Relinary Region
Reflinery Region
RNelinary Region
Rtefinery Negion
Nefinery Region
Reflnery Region
Nelinery Negion
Relinery Region
Refinery Region
Shale Base -

w3 DO ek G O e el DN I DD e ad DA N G O e =] DU e Gl DD e

Bose

Base

Base

Rase

Base

Base

Basc

High Supply/Low Capital
High Supply/Low Capilal
High Supply/l.ow Capital
High Supply/Low Capital
High Supply/l.ow Capital
tigh Supply/l.ow Cnapital
ligh Supply/Low Caplital
Low Supply/tligh Capital
Low Supply/Itligh Capital
Low Supply/tligh Capital
Low Supply/High Capital
l.ow Supply/High Capital
Low Supply/High Capital
Low Supply/1ligh Cnpital
Base - 5% Import Incrense
Bose - 5% Import Incrense
Basc - 5% hinport Increase
Iiase - 5% Linport Increase
Dase - 5% lmport Increase
Base - 5% Import Incrense
Base - 5% lmport Increase

Shale ftigh Supply/l.ow Capital
Shale Low Supply/High Capital

Synthetics Base

Synthelics High Supply/l.ow Capital
Synthetics Low Supply/High Capital

Uraniwin Fuel
Utility ilase
Utilily Base
Utility Base
Utility Dnse
Utility Pnse
Utility Base
Utility Base
tility Base

Scennrio
Code(s)

e W wmn e eme o L) D) e SO O ok b e b L e ok G D D D W L WNN NN em e oo e Do G N



TABLE II-3. TARGET YEAR

TARGET YEAR
Code (yr)

DESCRIPTION

1985
1990

TABLE II-4. ENERGY MATERIALS (TABLE ALLMTLS)

MATERIAL
CODE (mt)

AG
AH
AL
AN
AO
AS
BO
BU
CA
CB
CE
CG
CH
CI
CL
CM
CN
CPp
CR
CS
CT
Ccu
Ccv
Cw
CX
Cy
Cz
DG
DS
EC
EG
EL
ET
E1l
E2
E3
ES5
GA
GL
H2
H3
[14
HS

DESCRIPTION

Algeria

Arabia Heavy

Arabia Light

Alaskan North Slope
Angola/Congo/Zaire
Alaskan South Brooks Range
Bolivia/Peru

Butane

Coal, All High Sulfur

Coal, Industrial

China Export

Natural Gas, Commercial
Coal High Btu, High Sulfur
Coal High Btu, Low Sulfur
Coal, All Low Sulfur

Coal, Metallurgical

Canada

Coal, All Sub-bituminous
Coal, High Btu, Medium Sulfur
Coal, Medium Btu, Medium sulfur
Coal, All Lignite

Coal, Very Low Btu, Medium Sulfur
Coal, Low Btu, Medium Sulfur
Coal, Medium Btu, High sulfur
Coal, Low Btu, Low Sulfur
Coal, Very Low Btu, Low Sulfur
Coal, Medium Btu, Low Sulfur
Natural Gas, Intrastate
Distillate, All Grades

Ecuador

Egypt/Syria/Bahrain
Electricity

East Texas Mix

Eleetricity, Base

Electricity, Intermediate
Electriceity, Peak

Electricity, Cycle 2

Gasoline, All Grades

Gas Liquids

Heavy Crude, PADD2

Heavy Crude, PADD3

Heavy Crude, PADD4

Heavy Crude, PADDS
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Table II-4. ENERGY MATERIALS (TABLE ALLMTLS) (Continued)

IG
IH
UL
IN
IR
11
12
JF
KU
LG
LN
LO
LY
ME
MG
MR
MX
NA
NG
NI
NO
NP
N4
OK
OT
QA
QD
QG
QJ
QL
QM
QN
QO
QP
QR
QT
RE
RG
RS
SA
SG
SO
SY
TG
TR
UF
UK
VM
WM
WO
WT
w1
w2

Natural Gas, Industrial

Iran Heavy

Iran Light

Indonesia

Iraqg

Indigenous I1

Indigenous 12

Jet Fuel/Jet A

Kuwait

Liquid Petroleum Gases
Louisiana Onshore

Louisiana Offshore

Libya

Qatar/U.A.E.

Natural Gas, Raw Material
Military Reserve

Mexico

Naptha

Natural Gas

Nigeria/Gabon

Norway

Naval Petroleum Region 1
Naval Petroleum Region 4
Oklahoma Mix

Other Refined Petroleum
Steam Coal, Aggregate Foreign
Distillate, Aggregate Foreign
Gasoline, Aggregate Foreign
Jet Fuel, Aggregate Foreign
Liquid Gases, Aggregate Foreign
Metallurgical Coal, Aggregate Foreign
Natural Gas, Aggregate Foreign
Crude Oil, Aggregate foreign
Products, Aggregate foreign
Residual, Aggregate Foreign
Other, Aggregate Foreign
Russia

- Natural Gas, Residential

Residual, All Grades
South Asia Mix
Still Gas

Shale Oil
Synthetic Crude
Texas Gulf
Trinidad

Uranium Fuel
United Kingdom
Venezuela
Wyoming Mix
Pacifie Offshore
West Texas Mix
West Coast Light
West Coast Heavy
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TABLE III-5. FACILITY OPERATING MODES (TABLE ALLMODS)

OPERATING MODE (md)
'R CAPACITY (cp) CODE

CAPACITY (C)
OPERATE (0)

DESCRIPTION

0A
0B
0C
0D
0E
oF
0G
O0H
01
0J
0K
OL
oM
ON
00
)
0Q
OR
0S
0T
0U
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

00000000 N00000NO000N00O00O0N00O0ON000OO000O000D0O00O0O0OO0OO00O0OO
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Shift RS to GA (dual pricing constraint)
Shift RS to NA (dual pricing constraint)
Shift RS to JF (dual pricing constraint)
Shift RS to DS (dual pricing constraint)
Shift RS to OT (dual pricing constraint)
Shift RS to SG (dual pricing constraint)
Shift RS to LR (dual pricing constraint)
Shift OT to GA (dual pricing constraint)
Shift OT to NA (dual pricing constraint)
Shift OT to JF (dual pricing constraint)
Shift OT to DS (dual pricing constraint)
Shift OT to RS (dual pricing constraint)
Shift OT to SG (dual pricing constraint)
Shift OT to LR (dual pricing constraint)
Shift SG to OO (dual pricing constraint)
Shift SG to NA (dual pricing constraint)
Shift SG to JF (dual pricing constraint)
Shift SG to DS (dual pricing constraint)
Shift SG to RS (dual pricing constraint)
Shift SG to OT (dual pricing constraint)
Shift SG to LR (dual pricing constraint)
Oil-Fed Steam Build

Oil-Fed Steam Operate New Base
Oil-Fed Steam Operate New Intermediate
Oil-Fed Steam Operate New Peak

-Qil-Fed Steam Build

Oil-Fed Steam Operate New Cycle 2

Oil-Fed Steam Operate Existing Cycle 2

Oil-Fed Steam Operate existing Base

Oil-Fed Steam Operate Existing Intermediate
Oil-Fed Steam Operate Existing Peak

Coal With Scrubber Build

Coal With Serubber Operate New Base

Coal With Scrubber Operate New Intermediate
Coal With Scrubber Operate New Peak

Coal With Serubber Existing

Coal With Serubber Operate New Cyecle 2

Coal With Serubber Operate Existing Cycle 2
Coal With Scrubber Operate Existing Base

Coal With Serubber Operate Existing Intermediate
Coal With Serubber Operate Existing Peak

Coal Without Scrubber Build

Coal Without Scrubber Operate New Base

Coal Without Scrubber Operate New Intermediate
Coal Without Srubber Operate New Peak

Coal Without Serubber Existing

Coal Without Scrubber Operate New Cycle 2
Coal Without Serubber Operate Existing Cycle
Coal Without Serubber Operate Existing Base
Coal Without Scrubber Operate Existing Intermediate



OPERATING MODE (md)

TABLE III-5 (continued, page 2)

CAPACITY (C)

DESCRIPTION

OR CAPACITY (cp) CODE OPERATE (O)

39
3Y
3Z
44
46
47
48

49
54
56
57
58
59
60
61
62

63
64
65
66
67
68

69
70
71
72

73
74
75

76
7
78
79

80
81
82
83
84
85
86

ocoOOooOo00 O O C O OOO OO0 O0O0O0O0N0OO0 OOOOOOOO0.0000000
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Coal Without Scrubber Operate Existing Peak
Coal Without Serubber Build
Coal Without Scrubber Build
Coal Miscellaneous Existing
Coal Acceptable Operate Existing Cycle
Coal Acceptable Operate Existing Base
Coal Acceptable Operate Existing
Intermediate
Coal Acceptable Operate Existing Peak
Gas Turbine Build
Gas Turbine Operate Existing Cycle 2
Gas Turbine Operate-Existing Base
Gas Turbine Operate Existing Intermediate
Gas Turbine Operate Existing Peak
Simple With Distillate Build.
Simple With Distillate Operate New Base
Simple With Distillate Operate New
Intermediate
Simple With Distillate Operate New Peak
Simple With Distillate Build - ’
Simple With Distillate Operate New Cycle 2
Simple With Distillate Operate Existing Cycle
Simple With Distillate Operate Existing Base
Simple With Distillate Operate Existing
Intermediate
Simple With Distillate Operate. Existing Peak
Combined With Distillate Build
Combined With Distillate Operate New Base
Combined With Distillate Operate New
Intermediate ‘
Combined With Distillate Operate New Peak
Combined with Distillate Build
Combined With Distillate Operate New
Cycle 2
Combined With Distillate Operate
Existing Cycle
Combined With Distillate Operate
Existing Base
Combined With Distillate Operate
Existing Intermediate
Combined With Distillate Operate
Existing Peak
Gas-Fed Steam Build
Gas-Fed Steam Operate New Base
Gas-Fed Steam Operate New Intermediate
Gas-Fed Steam Operate New Peak
Gas-Fed Steam Build
Gas-Fed Steam Operate New Cycle 2
Gas-Fed Steam Operate Existing Cycle

[N




TABLE III-5 (eontinued, page 3)

OPERATING MODE (md) CAPACITY (C)

OR CAPACITY (cp) CODE OPERATE (O) DESCRIPTION
| i
87 0) Gas-Fed Steam Operate Existing Base
88 0] Gas-Fed Steam Operate Existing
Intermediate
89 o) Gas-Fed Steam Operate Existing Peak
90 C Hydro Build
91 o) Hydro Operate New Base y
92 o) Hydro Operate New Intermediate
93 . o Hydro Operate New Peak
94 C Hydro Build
95 ) Hydro Operate New Cycle 2
96 0 Hydro Operate New Cycle 2
97 6] Hydro Operate Existing Base
98 - o) Hydro Operate Existing Intermediate
99 0] Hydro Operate Existing Peak
Al C Build Uranium Conversion
A2 C Uranium Conversion Existing
/ A3 O Uranium Conversion Existing Operate
A4 0 Uranium Conversion Existing Operate
A5 0 Uranium Conversion Existing Operate’
A6 O Uranium Conversion Existing Operate
AT 0 Uranium Conversion existing Operate
A8 0 Uranium Conversion Existing Operate
A9 0 Uranium Conversion Existing Operate
AA o) Uranium Conversion Existing Operate
AB 0 Uranium Conversion Existing Operate
AC 0 Uranium Conversion Existing Operate
AG 0] Operate Algerian
AH o) Operate Arabian Heavy
AL 0 Operate Arabian Light
AN (O Operate Alaskan North Slope
AO 0 Operate Angola/Congo/Zaire
AS 0] Operate South Alaskan
BC C Accumulate Prod Consumption
BF. C Force CR as Percent of CD
BN C Constrain Use of NC
BO o) Operate Bolivian/Peruvian
BT O Btu Balance
BU o) Shift BU to LG
CcC 0 Capital, Operating, and Maintenance Costs
CD C Build Distillation .
CE 0 Operate Chinese Export
CN o) Operate Canadian Mix -
CR c Build Reforming Unit
DO C Distillate~-Fed Gas Steam Build
D1 0 Distillate~-Fed Gas Steam Operate New Base
D2 0] -Distillate~Fed Gas Steam Operate New
Intermediate
D3 0O Distillate-Fed Gas Steam Operate New Peak



OPERATING MODE (md)
OR CAPACITY (cp) CODE

TABLE III-5 (continued, page 4)

CAPACITY (C)
OPERATE (O)

DESCRIPTION

D4
D7

D8
D9

0000000000000 00000DOO0O0O0OO0O0OO0OO0OOCOOO0OO0O00O0OO O O 00O
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Distillate-Fed Gas Steam Existing

Distillate-Fed Gas Steam Operate Existing
Base

Distillate-Fed Gas Steam Operate Existing
Intermediate ‘ : )

Distillate-Fed Gas Steam Operate Existing
Peak

Distillate to Gas

Transmission Old

Transmission New

Convert CM to CB Coal

Convert CM to CL Coul

Convert CT to CL Coal

Convert CX to CT Cosal

Convert CY to CT Coal

Convert CZ to CL Coal

Coénvert CU to CT Coal

" Convert CU to CD Coal

Operate Ecuadorian
Convert CY to CD Coal
Operate Egyptian/Syrian
Operate East Texas Mix
Utility Retirements
Shift JF to OT

Shift JF to LR

Shift DS to'GA

Shift DS to NA

Shift DS to JF ) -
Shift DS to RS

Shift NS to OT

Shift DS to SG

Shift DS to LR

Shift LR to GA

Shift LR to NA

Shift LR to JF

Shift LR to DS

Shift LR to RS

Shift LR to OT

Shift LR to SG

Shift GA to NA

Shift GA to JF

" Shift GA to DS

Shift GA to RS
Shift GA to OT
Shift GA to SG
Shift GA to LR
Shift NA.to GA
Shift NA to JF



OPERATING MODE (md)
OR CAPACITY (cp) CODE

TABLE III-5 (eontinued, page 5)

’

CAPACITY (C)
OPERATE (O)

DESCRIPTION

FQ
FR
FS
FT
FU
Fv
Fw
FX
FY
FZ
GO
GI
G2
GD
GE
GF
GG
GJ
GK
GL
GN
GO
GS
H2
H3
H4
HS
HL
HR
1
12
IH
IL
IN
IR
KO
K2

K3

K4
K5

K6
K8

O O 00O O 0O0000DONN0O0OOO0000N0N0N0N0N0O0O00O0O0O00O0OO
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"Shift NA to DS

Shift NA to RS
Shift NA to OT
Shift NA to SG
Shift NA to LR
Shift JF to GA
Shift JF to DS
Shift JF to RS
Shift JF to NA
Shift JF to SG
Operate Logical Build "
Operate Geothermal
Build Geothermal
Operate Wind
Build Wind
Operate Thermal
Build Thermal
Operate Photoelectric
Build Photoelectric
Shift GL to GA
Gas to Oil Interchange New
Gas to Oil Interchange
Gas Turbine to Distillate
Operate PAD II Heavy Crude
Operate PAD III Heavy Crude
Operate PAD IV Heavy Crude
Operate PAD V Heavy Crude
Hydro Limit
Build De-Sulfurization Unit .
Operate PAD I Indigenous
Operate PAD II Indigenous
Operate Iranian Heavy
Operate Iranian Light
Operate Indonesian
Operate Iraqi -
Pump Storage Build
Pump Storage Operate
New Intermediate
Pump Storage Operate
New York
Pump Storage Existing
Pump Storage Operate
New Cycle 2
Pump Staorage Operate
. Existing Cycle 2
Pump Storage Operate
Existing Intermediate



TABLE III-5 (continued, page 6)

OPERATING MODE (md) CAPACITY (C)
OR CAPACITY (cp) CODE OPERATE (0) DESCRIPTION

K9 0 Pump Storage Operate
Existing Peak

KU o Operate Kuwaiti Export

L1 C Build Synerude

L2 o) Operate’ Synerude

L3 C Build Syngas

L4 o) Operate Syngas

L5 C Build Fuel Gas

Lé o Operate Fuel Gas

L7 C Build Other to Syngas

L8 0] Operate QOther to Syngas

LN o) Operate Louisiana Onshore

LO o) Operate Louisiana Offshore

LP o) Shift LR to LG

LY O Operate Libyan

ME 0 Operate Mid-Eastern Mix

MX 0 Operate Mexican

N1 0. Operate New Nuclear

N2 C Build Existing Nuclear

N3 O Operate Existing Nuclear

N5 o) Operate New Nuclear-Cycling

N6 O Operate FY Nuclear-Cycling

N7 C Build New Nuclear

NC 0 Production Consumption-New Distillate

ND 0 Interstate to Intrastate Gas

NI O Operate Nigerian & Gabon

NO 0 Operate Norwegian

NP o) Operate Naval Reserve #1 Crude

NU C Build New Nuclear

NY C Build New Nuclear

oC 0 Oil to Coal conversion

oG o) Oil to Gas Interchange

OK 0 Operate Oklahoma Mix

ON 0 Oil to Gas Interchange New

PO C Sub-Bituminous Build

P1 0o Sub-Bituminous Operate New Base

P2 o) Sub-Bituminous Operate New Intermediate

P3 o Sub-Bituminous Operate New Peak

P4 C Sub-Bituminous Existing,

P5 0] Sub-Bituminous Operate New Cycle 2

P6 o) Sub-Bituminous Operate Existing Cycle

P7 O Sub-Bituminous Operate Existing Base

P8 O Sub-Bituminous Operate Existing
Intermediate

P9 O Sub-Bituminous Operate Existing Peak

PC 0 Production Consumption-Oils
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OPERATING MODE (md)
OR CAPACITY (cp) CODE

TABLE III-5 (continued, page 7)

CAPACITY (C)
OPERATE (O)

PG
PY
PZ

QQ

RC
RE .
S0
S1
S2
S3
S4
S5
Sé
SA
SC
SO
SY
TO
T1
T2
T3
T4
TS
T6
T7
T8
T9
TD
TG
" TR
TY
TZ
U1
U4
Us
Ué
Us
U9
UA
UcC
UK
Vi
V2
V3
V4
V5

OQO0OCO0 0000000ONON00N00O00ONO0OOON0OOO0OOOOONONO0ONO 0O0OOO
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DESCRIPTION

Production Consumption-Gas

Sub-Bituminous Build.

Sub-Bituminous Build :

Old Capital (Generation, Transmission,
and Distribution)

Build Catalytic Cracker

Operate Russian Export

Operate Logical Build :

Build Shale T

Build Shale

Build Shale

Operate Shale

Operate Shale

Operate Shale

Operate South Asian

Gas to Coal Conversion

Operate Shale Oil

.Operate Synthetic Crude

Lignite Build

Lignite Operate New ‘Base

Lignite Operate New Intermediate
Lignite Operate New Peak

Lignite Existing

Lignite Operate New Cycle 2
Lignite Operate Existing Cycle 2
Lignite Operate Existing Base
Lignite Operate Existing Intermediate
Lignite Operate New Peak '
Transmit Electricity New

Operate Texas Gulf Coast

Operate Trinidad

Lignite Build

Lignite Build

Convert Electricity

Convert CH to CB Coal

Convert CW to CB Coal

" Convert CZ to CB Coal

Convert CS to CB Coal
Convert CI to CB Coal
Convert CR to CB Coal
Utility Capital

Operate United Kingdom
Convert CZ to CP Coal
Convert CI to CP Coal
Convert CM to CP Coal
Convert CH to CA Coal
Convert CW to CA Coal



TABLE III-5 (continued, page 8)

OPERATING MODE (md) CAPACITY (C)

OR CAPACITY (ep) CODE OPERATE (O) DESCRIPTION
V6 0] Convert CZ to CA Coal
V8 6] Convert CB to CA Coal
V9 0] Convert CI to CA Coal
VA o) Convert CR to CA Coal
VM o - Operate Venezuelan Mix
w1l o) Operate West Coast Light
w2 o) Operate West Coast Heavy
WM o) Operate Wyoming Mix
WO 0] Operate Pacific Offshore
WT o Operate West Texas Mix
XD 0 Convert XD to Distillate
XG @) Convert XG to Gasoline
XdJ 0 Convert XJ to Jet Fuel
XN o) Convert XN to Naphtha
X0 0] Convert XO to Other
XR o) Convert XR to Residential
ZC 0] Standard Coal Used
ZD 6] Distillate Used
ZG 6] Natural Gas Used
ZL 6] Low-Sulfur Coal Used
ZN o) Utility Fuel Used .
zp 0. Sub-Bituminous Fuel Used
ZR o) Residueal Fuel Used
ZT O Lignite Fuel Used

44



TABLE IlI-6. RESOURCE ACCUMULATION CODES

RESOURCE
ACCUMULATION -
CODE Q(rs) DESCRIPTION
QYT ‘ Cumulative capital investment
B in millions of dollars per
- ) standard units (e.g., thousand
barrels per calendar day)
QCF - Cumulative drilling in millions
of feet per standard unit
QS(t) ' ~ Percent of surface mines (coal)
where (t) = coal type, representing -
the second character of
coal types (mt) in Table III-/4
QD(t) Percent of deep mines (coal)
where (t) = coal type, representing
the second character of
coal types (mt) in Table III-4
QUC Annual capital investment for

utility facilities
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TABLE III-7. LOCATION/GEOGRAPHIC REGION (TABLE ALLLOCS)

LOCATION/REGION (lo)

DESCRIPTION CODE
Uranium Conversion NF -
Foreign Crude Locations
Other Foreign Sites FO
Canada FC
Caribbean FV
Landed East Coast , , F1
Landed Gulf Coast F3
Landed West Coast F5
Mexico FM
. Other Foreign Sites/IEES Link HO
Canada/TEES Link HC
Caribbean/IEES Link HV
Landed East Coast/IEES Link Hi
Landed West Coast/IEES Link H3
Landed West Coast/IEES Link H5
Mexico/IEES Link HM
Coal Regions ,
Northern Appalachian C1
Central Appalachian C2
Southern Appalachian C3. -
Midwest C4
Central West C5
Gulf Cé6
Northeastern Great Plains C7
Northwestern Great Plains C8
» Rockies C9
Southwest CA
Northwest CB
Alaska cc
Refining Districts (Source: Modified Petroleum
Administration for Defense Distriets (PADDs)
Company Definitions) '
PAD1A R1
PAD2A R2
PAD3 R3
PAD4 R4
PADS R5
PADIB R6
PAD2B A R7
Utility Regions (Includes Nuclear and Geothermal)
(DOE Regions)
New, England U1
New York/New Jersey U2
Mid-Atlantic U3
South Atlantic U4
Midwest " Us
Southwest U6
Central U7
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TABLE IlI-7. LOCATION/GEOGRAPHIC REGION (TABLE ALLLOCS) (Continued)

LOCATION/REGION (lo)

DESCRIPTION CODE
North Central Us
West U9
Northwest . UA
Demand Regions (DOE regions) ‘ : \
New England D1
New York/New Jersey D2
N Mid-Atlantie D3
South Atlantic D4
Midwest - . D5
Southwest D6
Central _ D7
North Central D8
West D9
Northwest DA
Crude Oil and Natural Gas (NPC Reglons and DOE regions)
1S South Alaska 01
2 Pacific Coast 02
24 Pacific Ocean o3
3 West Rocky Mountains 04
5 West Texas and East New Mexico 06
6 West Gulf Basin o7
6A Gulf of Mexico 08
7 Midcontinent 09
8-9-10 Michigan Basin, Eastern Interior, and Appalachians OA
11  Atlantic Coast , OB
11A Atlantic Ocean oC
1N North Slope oD
1N North Slope Gl
1S South Alaska G2
2. Pacific Coast G3
2A Pacific Ocean G4
3 West Roeky Mountains G5
4 East Rocky Mountains G6
5 West Texas and East New Mexico G7
6 West Gulf Basin G8
6A Gulf of Mexico G9
7 Mideontinent GA
8-9  Michigan Basin, Eastern Interior GB
10 Appalachians GC
11 Atlantic Coast GD
11A Atlantiec Ocean GE
New England GF
New York/New Jersey GG
Mid-Atlantic’ GH
South Atlantic GI
Midwest Gd
Southwest GK
Central GL
North Central GM
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TABLE IlI-7. LOCATION/GEOGRAPHIC REGION (TABLE ALLLOCS) (Continued)

LOCATION/REGION (lo)

DESCRIPTION CODE
West , GN
Northwest GO

Shale Regions o
Shale Region 1 ‘ S1
Transshipment Cities

Boston; Rail T1
New York; Rail T2
Baltimore-Philadelphia; Rail T3
Miami; Rail T4
Pittsburgh; Rail , TS
" Atlanta; Rail T6.
Cincinnati, South; Rail . T7
Detroit; Rail T8
Chicago; Rail T9
St. Louis, East; Rail TA
St. Paul-Minneapolis; Rail " TB
Kansas City; Rail TC
Houston; Rail TD
, Dallas; Rail . TE
A - Denver; Rail TF
Los Angeles; Rail TG
San Francisco; Rail TH
Seattle; Rail TI
New Orleans; Rail TJ
Cincinnati, North TK

St. Louis, West TL
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MATERIAL

(

TABLE III-8. SUPPLY CURVE STEPS

- SUPPLY CURVE
TYPE STEP CODE (ii) -DESCRIPTION
Coal E1-E9 Existing mines in operation in
order of increasing cost
Coal '~ N1-N9, NA-NZ Mines which may. be opened in
. ' the future in order of increas-
ing cost
Oil - first digit = 1-6 0Oil field vintage (old primary,

‘ old secondary, old tertiary,
new primary, new secondary,
new tertiary; respectively)

second digit = 1-9  Price trajectory for the crude
oil price ramp table (-5%, -3%,
~1%, 1%, 2%, 3%, 5%, respec-
tively) , :
Natural first digit = 1,2 Gas field vintage (1 = new,
Gas 2 = old)

second digit = 1-9 Price trajectory for the natural
- gas price ramp table (~1.5%,
-1%, 0%, 1%, 2%, 3%, 4%, 5%,
7%, respectively)
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TABLE IlI-9. DEMAND SECTORS

DEMAND SECTOR
CODE (ds) DESCRIPTION

CM Commercial
FS " Feedstock . -
HC Residential and Commercial
IN Industrial
RM Raw Material N
RS . Residential
TR - Transportation h

TABLE IlI-10. ENERGY MATERIAL/TRANSPORTATION MQDE COMBINATIONS

]

MATERIAL/MODE
COMBINATIONS CODE (mm),
Oil Products-Barge or Tanker PB
Residual-Barge or Tanker RB
Crude Oil-Barge or Tanker OB
Natural Gas-Pipeline NP
Oil Products-Pipeline PP
Crude Oil-Pipeline 0) 4
Coal-Train or Barge CL
Electricity Transmission EL
Nuclear Fuel Transport Up

P2d

S0



E. RAW DATA FORMATS

Due to fhe variety of -the sources of - PIES raw data, there are few naming
c.onventions that universally apply to all the raw data. However, within each energy
material or facility type, tﬁere are often standard formats used for raw data table names,
codes, ete. This section explains the formats for each energy material ar;d facility type.

~

Where the standardized PIES codes defined in section D are applicable, they are

referenced in the raw data table descriptions. g

1. Coal Raw Data Tables

There are 12 raw data tables for coal, all in a standardized format as described

in Table I1I-11.
{

2. Geothermal and Solar Raw Data Tables
The raw data tables for geothermal and solar data are input directly to the
preprocessor code in the form of tables described in Table II-12.

3. Import Raw Data Tables \

Import data come from two sources that provide the standard table format to
PIES. Therefore, there are no "raw data" per se for imports.

4, Natural Gas Raw Data Tables

Natural gas raw data are eontain?d in six different types of tables, all with the
same format. These are described in Table III-13. Common to many of these tables is a
code for the pipeline proposal considered (p), where (p) may equal "0" (nq pipeline), "A"
" (Arctic pipeline), "E" (El Paso-Alaskan-pipeline), or "N" (Alean pipeline).

5.. 0Oil Raw Data Tables

Oil raw data tables are very similar to natural gas raw data tables. There are
additional tables with supplementary data, such as price ramps and intrastate vs.
interstate distribution rations. All are illustrated in Table III-14.

¢

6. - Refineries Raw Data Tables

Refineries raw data consist of three sets of tables, all with the same format

described in Table II-15. Each éet of tables represents the target years 1985 and 1990.
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7. Shale Qil Raw Data Tables

Shale oil data are entered in standard table format;. therefore, there are no
raw data.to be preprocessed.

8. Syntheties Raw Data Tables

Syntheties data are entered directly into tables in the preprocessor described
in Table III-186.

9. Transportation Raw Data Tables

Transportation data, in general, follow the first format described in
Table III-17. .Exceptions are noted later in the same table. Tables PIPERATE, TNKRATE,
and BARGE are from the transportation preprocessor. All other tables are file inputs,

10 Nuclear Fuel Raw Data Tables

Nuclear fuel data, like shale and import data, are input in the form of standard
tables.

11. Utilities Raw Data Tables

Utilities faw' data are entered directly into the two utilities preprocessors.
These are described in Table III-18. Common to many of these tables are the following
codes:

(e) = capital expenditure (where: O = new plant, Y = committed plant,
Z = deferrahle plant, 4 = existing plant)

ROW = entries for row "HOLLY" in the LP matrix
ROW 2 = -entries for MCC rows in standard tables

LIM and BD = bound indicator (where: "BND" = upper bound, "BLO" lower
bound, "BFX" = fixed bound)
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TABLE HI-11. COAL RAW DATA TABLES

'l'/\lll.l"? HAME DESCRIFTION COLUMN HEADINGS NOW HEADINGS TABLE EHIRIES
) Conl produetion, priees, PROD,PRICSURFE ICAP,DOCAP Cx) (i) Colwmn PFRROD: pradoetion in
und capitai investmaent millions of 1ous per Jeor
Cn) = conl supply vegion PROD = maxbinam level of Clx) = eonl lype Columu PRIC: price per (an
(Table 1 T) produetion (Tuble 111-4) Colwnn SURE: ratio
- PRIC = minimsm neeeptabie Column ICAR: Invasiment o
price (i) = conl supply eurve step doblnrs por nnnual L
SURF = proportion uf produe- (‘Table 11I1-8) Colin DCAPL it estment in
tion from surface mines dJollars per annual Len
ICAP = present value of
initinl enpital
investent ro-
quiredd between
1976 nnd Largel year !
Lo open new ines
DCAP = Fraetion of delerred
capitnl spent. on
newr mines
TABLE II-12. GEOTHERMAL AND SOLAR RAW DATA TABLES -
TABLE NAME DESCRIPTION COLUMN HEADINGS ROW HEADINGS TABLE ENTRIES
Gr(s) (yr)R t'artind standard tnble input BND, PRC, QY15 as defined GOad) (10) Stundnrd table entries for column
: for suandnrd table rows headings os defined for the
(s) = seennrio (Table 111-2) . (see Section It) (md) = mode of facility stnndard table rows
(y1) = turget yenr A (‘Uantabey 111-5) {sec Section B)
(Table 1-D - (to) = utidity region
(Table WI-17)
BCALEK Capacity [actors for ench MK (ind) Capneity (actors

plant type
(md) = wode of geothermal/

solav facility
(‘Tablc 11--5)
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TABLE NAME

Gs(lo) (s)PR

(1) = loeation/gas supply
region Chable -3

(3) = scenario/gns supply
convention
(‘Tahle 1N1-2)

TABLE 11-13. NATURAL GAS RAW DATA TABLES

BESCIIPTION

TABLE ENTIIES

ROW IHEADINGS

COLUMN HEADINGS

Maximum gquantities of 1977 through 1991 1(ii) Natural gus supply in billions
naturnl gas availahle ot : of cubie [ect por year
the specified price (i) = sugply rurve -
step (‘Fable 111-8)
Cumulative quantities of, 1977 through 1991} Hit) Condensate produesd m thow-

GSUo) (s)O

(i0) = location/gns supply
regiron (Table 114-71

(s) = scemmrio/gns supply
convenlion
(‘I'nide HI-2)

(iS(10) (s)LP
(1) = location/pas supply

region (Toble M1-7)

(2) = scemnrio/gns supply

condensate produced ns a
co-product of naturnl gos

Comulative quantities of
butane produced ns n co-
product of natural gas

(cumulalive over price
steps but not over timoe)

convention (Table I1-2)

Gis(lo) (s)0:5

Cumulative quantities of
gns ligptids produced asn
co-product of natural gas

(Cumulative over price
steps but not over time)

1977 through 1191 i)

1£T7 through 1991

sanels of harrels per entewdar
(i) = supply 2urve dny
step (Fnble 111-8)

utane produced in thousands
of barrels per calendar dny
(i) = spply curve

skep (Table 11-8)

Iii) Gns Hguids produce:d in thou-
sands of bharrels per entendnr
(i) = supply vurve dny

slep.(‘Tabte 11-8)
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TABLE 111-13. NATURAL GAS RAW DATA TABLES

(Continued)

TABLE NAME

DESCRIPTION COLUMN HEADINGS

ROW HIEADINGS

TABLE ENTRIES

(o) = locntion /gas supply
reglon (Table NI-7)

(s) = scenario/gas supply
convention (Table 111-2)

GS(lo) (s)cp

(10) = location/gas supply
region (Table NI-7)

(s) = scenario/gas supply
convention (Table 1i1-2)

(iS(lo) (sICF

Cumulative capital invesiment 1977 through 1991
required for the production

level in the coresponding

"I'R" tables ’

(Cumulative over both time
and price steps)

Cumulative drilling require-
ments for the production
level in the corresponding
"PR" tables

I

Wii)

(i) = supply curve
step (Table 111-8)

Cumulative investment in
mitlions of dollars

Cumulative drlillng in
mitlions of feet

INTINT ) Used to split production INTER G3-GD Fraction of old gas
of old onshore gas between INTRA produced in interstate
interstate and Intrastale region sold in interstate
markets (intrastate) markel

\ .
\’ -

GSRTOF Used to share intraslate gas GG-QAN G3-GD Fraction of gas produced

fromn interslale to intraslate interatate in an interstate region

intrastale regions gns regions

(DOE reglons)

ns regions
NPC regions)

which lies In overlapping
intrastate reglon
k]
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TABLE 11I-13. NA’I‘UliAIJ GAS RAW DATA TABLES

TABLE NAMY DESCRIVTION

North Stope gas produetion
uder vacions pipeline
proposals

wiern

Well-head price of North
Slope gns nsing residunl
pricing

onran SpH1 of associnled gas
from oil region OA to gas

region G aml 03¢

AWARDS Split of production from
gns regions (o demnnd

regions

Througlput factors
for Alnskmn gns

AR

Link prices for
Alnsknn gas

(Contined)

COLUMN ITEADINGS

{0

(p) = pipeline proposal
{zee Lext)

(10}
(to) =

Ens regicen
(‘tnble 111-7)

(o)

(10) = dempnd region
(table UL-T)

(1o}

(10) = demnnd region
(Fuble: HI-T)

(10)

(10} = demnnd region
{Table UE-7)

AW HIEADINGS

TADBLE ENTHRIES

(vr) Millions of cubic feet per
calendnr dny
(yr) = target yonr

(Trhle 11-2)

(/) Price per mitlions of 3tu
at 1032 Mu/ef
(yr) = Wngel yrar :

(rable 11-2)

(i) atio from oil reglon to pns
region
(:0)

oil region
(Tnble 11-T7)

(o) Ratio from gna regioa to
demnnd region
(10) = gns region
(Table W-7)

() = pipcline proposat
(see lext)

i

(1a) (1)

Throughput Inctors

(la} = gna region
(Table HI-T)

(ol = pipeline proposnl
(= text)

(la) (p) (yr)

Dollnrs per thousand aubie fent

(le) = gns cegion
(table UI-7)

(0] = pipeline proposnl
(see Lext]

(vr) = tmget yenr
Clable 114-2)



PAS

TAMLE NAME

O1{10) (s)CF

(10) = loeation/oil supply
region (Pable H-7)

(s) = scennriofoil snhply
convenltion (Table {11-2)

0100) ()Pl

(10) = location/oil supply
rejtion (Table IM-7)

(s) = scenario/oll supply
convention
(Fable 111-2)

OL(10) ()¢5

(10) = loeation/foil supply
region (Table NI-7)

(3) = seenario/oil supply
convention (table 111-2)

OL(lo) ()P

(10) = loention/oil supply
region (Table NE-7)

(5) = scenario/oil sunply
convention (Table HI1-2)

TABLE llI-14. OlL RAW DATA TABLES

DESCRIMFUION

Cumulntive dritling re-
quiremncnlts{over time
and price steps)

Maximiin cumulaiive
quantity of oil avanilable
(over price steps)

Cumualative quantities of

gas lguids produeed as co-
products of erude oil (over

price steps)

Cumulative quantities of
butane produeced as a co-
produet of erude oil (over
priee steps)

COLUMN HHEADINGS

HOW ITEADINGS

1977 through 199 1(ii)

(ii) = supply curve
step (Table 11-8)

1977 through 1991 1Gii)

(ii) = supply curve
step (Table NI-8).

Cuinulntive driliing in millions
of {eot

Cunmmlative quantity in thou-
sands of barrels pe: ealendar
dny

1977 theough 1991 Kii)

(i)) = supply curve
step (Table WI-8)

Cumulative quantity In thou-
sands of barrels per ealavine
oy

1977 thwough 1991 I(ii)

(i) = supply curve
step (Table HI-8)

Camulative quantity in thou-
sands of barrels per enlendar
day
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. : TABLE II-14. OlL RAW DATA TABLES '

(Continued)
TABLE NAMIS DESCRIPTION COLUMHN NEADINGS ROA HHEADINGS TADBLE ENTIRIE
OL{o) (S)CP Curnitative capital Inventment 1977 through 19491 1Gid ) Cumulntive investiment in
requirements (over lime an.l millions of dollars
price steps) (ii) = supply curve
step: (Table 111-8)
(10} = loeation/oil supply
vegion (Table W-7)
() = seennrio/oil supply
econvenlion (Table 111-2)
OL(1o) (S)AD Cumtiotive quantities of 1977 through 1991 Wit) Cumulative quanitity e biltions
associated and dissolved of cuble feet per yeor
(1) = lJoeation/oil supply tatturnl gas produced as ) - (i} = supply curve
region (Table IN-7) co-products of erude oit steg: {Table 111-8)
: (over price steps) ;
(s} = seennrio/oil supply
convention (Table 111-2)
oLrec ‘ Qil price rminp tnble 1977 through 1991 K1) 1975 dollars per barrel
(i] = peiee ramp step (1-9)
ISeRC Non-nsgocinted nrlural gas 1977 through 1991 B (1)) 1975 dollnrs per thousnnad
price rnmp table cubic fect
(1) = price ramp step (1-9)
- = : f—m e __.___...._,_..._._..\_..__...- - e i1 e
AbpPire Associnted naturnl gns 1977 through 1991 111} 1975 doliars per thousaud

price rump table citbie feet

(i) = price rning step (1-9)

e e e e e i e s fe = ——— g S ma Lo S T R L4 i o = = 7% biR e e oo = & s i oot b b1




TA

GLIPRC - Gas liguids price camp

tnble

AN

BLE fli-14. OlIL AW DA'TA TABLES
(Continued) :

1977 Uwough 1991

1975 dollars per barvel

(i) = price rnmp step (1-9)

2001 (s) (yr) Crude oil supply from non-
traditionnl scurces

(s) = specinl region scenario

{yr) = turget year
(85 = 1985,
9 = 1990)

N

4 (M1) Qo) (i)
(MU = materinl lypu' seelion B)
(Tuble H1-4)
(10} = location/region
(Fable 11-7)

(i) = supply step used to
differentinte hetween
purchase vectors (the
steps do not follow
normal conventions)

Normal convenlions for
standard table rows (see

Hormal convenlion for
entries in standurd table
rows-(see section 13)

ntio of crude oil tyy es

Proportion of Interstute and
Intrastate natural ga-.

DLSPLE Ratio of erwde oil types (10) (mMt)
by region
(o) = oil region (MO = crude oil types
g (‘fatne HI-T) (‘Table 11-4)
e - et -
SPLIT Praportion of interstate (10) M(mt)
and intrastate nntural gos
(1o} = oil region (ml) =

naturael gas types

(Iable 111-4)

TABLE

TADLE NAME DESCRIPTION

(10) AN detnin standard tahta
- formnt

vefinery region
(Fable HE-7)

{lo) =

’

lll—‘15. REFINERIES-RAW DATA TABLES

ROW HEADINGS

COLUMN BIEATANGS

Standurd table column con-
ventions (see section )

Standard table row con-
ventions (see section 1t)

TABLE FRTREES

Standurd table conventions
used for entries (see
section 1)
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TABLE NAME

TABLE 11I-16. SYNTHETICS RAW DATA TABLES

DESCRIPTION

COLUMN IHEADINGS

ROW {IEADINGS

TABLE ENTRIES

Conversion factor

BTUCOAL Converslon table for phyélcnl SCALE (nt)
conl Btu 1o standard coul Bty
. (mt) = conl type
(Table 111-4)
———— — —— - —. Y - -
LIMITS Synthetics plant eapocities BND, BFX, RIS (md)
- BND = upper bound capacily  (md) = plant mode
. (l'able NII-5)
BFX = fixed cnpacity
RHS = exisling capacity
SYNGAS Conversion laclor fromn M{mt), PHC Rtow

naphthae to synthetic

M(mt) = material
(‘Fable 1I-4)

Al capacities in millions
of cubic fcet per duy

In eolumns M(mt): conversion
factor

In column PRC: price of con-
version per unit

RAW(s) iyr)

(s) = seonario (Table 111-2)

“(yr) = target yeor

(Table 111-3)

Raw duta in reverse slandard
table format. Consists of
quantities, prices, and con-
version factors for
syntrelics from coal

Standard table row heading
conventions used
{see section I3)

Standurd tuble column
heading
(see sexlion BB)

Standard table row eutrics
(sce scction BB)
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TABLE I1I-17. TRANSPORTATION RAW DATA TABLES

TABLE NAME

Fransportation caw data tables (o)

COLUMN NEAIMNGS

ROW HEADINGS

TADLE ENTIIHES

() (mm) (10) {an) (10} For (11) = LP: prices are in
contalning prices nnd mileage dollars per standard unit
(te) = transportation type between modes of the trans- (lo) = location/region (10) = loention/region (e.g., barrel, thousauld cubie feel)
(TR = (ransportation portation network (Table NI-7) (FEAL, (Tuble 1N-T) (FEAT,
sub-network, FT = FFA2, cte. = DI, FEAZ2, cte. = DI, For (11) = LM: distances gre in
imported fuel trans- N2, ete.) 02, ete.) statute mites or nautical miles
portation) N . (shipping only)
(mm) = matevinl/mode
(Toble 11-10)
(1) = lable type (L = price
table, LM = milenge)
(40 dats type {(or LP
fables: TF = tarilfs
used, RC = generie
prices; for LM lables:
PC = shipping via
Pannma Canal, TA = not
vin Pannina Cannl,
BD = new nntural gas
pipelines, FX = existing
gus pipclines
TS (1) (1Y) Fransshipment tables (10} (1o) For (1) = MI: milenge between
loeations
(tr) = transportation lype (10) = leeation/region (o) = location/region For (tt) = itz prices in dollars

(2w = rail,
WW = brrge

(1) = tnble typ2 (M1 =

milenge, PR = prices)

(table HI-T)

(Table (11-7) per standard units (.. barrels,

thousands cubic feci)
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TABLE II-17.. TRANSPOR'TATION RAW DATA TABLES

(Continued)

TABLE NAME DESCRIPTION

COLAIMN HEANINGS

ROW IHEADINGS TABLE ENTRIES

(o) Proportion of conl shipped

(1) = rail transshipment
nodes (Table IN-7)

(10} Cost per thousand eubie, feet

(lo) = gns region
(Table 111-7)

(10) ‘ Percentnge of gos attocated
to region
{lo) = oil region
(‘'rable N-17)

(10) Pereentoge of co-products
by region
(lo) =gns regim _
(Table M-T7)

(o) Link prices per ton

{10) = coal regions
(Table 1i1-7)

TSCCSTN Fixed proportions for coal (v}
sipplied by rail transshipment
nades (10) = demand regions
(Tabte 11-T)
TRNPFIX Additionn! gathering charges FIX
for offshove gns
TRISPLT Intrastute, nssocinted Q1o)
: natural gas; ratios by
region (1o) = gas region -
{Tabie I-7)
TRUSILT Coa-products produced with (lv)
intrastate gas; ratio by
region (10) = oil region
(‘Table H1-7)
pDIrecy ' Direat link prices for conl (1)
regions to alility regions;
minemoulh and lignite (n) = utility regions
(‘Table W-7)
TAI'S ‘Trans-Alaska pipeline (yr) Pnec

chnrges
(yr) = torgel yenr
{Table 11-1)

Ol nnd OP Bollars per bharret

oB

Step 1 Loviff enpacity

Or = Step 2 tariff capneity
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TABLE HI-17. TRANSPORTATION RAW DATA TABLES

SFARLE NAME DESCIUPTION

(Continuced)

TABLE ENTIUES

COLUMN HEADINGS ROW fIEADINGS

ALASKOIL, QOil shipped from Alaska (10) OP and (lo) OB (1o} Dollars per bacrel
for transshipment in either
Mortherr ‘Fier or FI *aso (10) = refinery region (lo) = oil regions
pipelines (Table 1H-7) (Table 11-T)
OP = Ll Paso-Sohio Pipeline
Ol = Northern ‘Tier Pipeline
TROPLOGAT Gothering charges for Cosl (10} Cost per barred
crude oil .
(10) = oil regions
(Table tI-7)
PIPERATE Pipeline rates for crude Bb, EX, and IFE Gum) Dollars per barrel p.er 100
oil miles
B = new pipelines (i)} = material/inode
EX = existing pipelines (Table H11-10)
N ‘€ = additional links to
insure fensible
solutions
TNKRATE Data on oil and petrolenm DWT, LWT, SEA, PORT, () (te) Gow) Colummn DWT: deadweight tons

produet lunkers

Number ot harrels per ton
conversion {actors

BARGE

TURN, PCC, KNOTS, SCALE
(wm) = wmaterial/mode, Column LWT: long tons
(Table 111-10)

(tr) = transportation route
tanker eapncily in : (PC = shiped via
long tons Pannma Canal,

SEA = cosl al sen TA = not vin Pannina

PORT = cost in port Canal)

DW= tanker eapacity in
deadweight tons Coluwmn SEA: dollnrs per hour

LWT =
Column POWRT: dtars per hour

Cotumn TURN: hours

TURN = turnaround time
in port Column PPCC: tons
PCC = payload cargo
capacily Column KNOTS: specd in knots

RKNOTS = speed

SCALL = conversion factor
to yield dollars per
harrel

Colunin SCALE: eunversion
fnetor

Number of barrels per lon

SCALE (mm)

Gmn) = material/mode
(‘Table HI-10)




¥9

. TALLE 1i-18. UTILITIES RAW DATA TABLES

TAULE NAME DESCRIPTION - COLUMN HEADINGS ROW HEADINGS TABLE ENTRIES
AVERAGE Average system load factor (s) (yr) (1o) = utiliLy reglons 0 averoge load factor < 1.0
(Table 111-7) -
(s) = scenario ("US" = tolal for all regions)
yr) = targetl year

(‘Tabte M-3)

BLDFAC Capital yel to be spent (c) . Row and Itow 2 Percent of capital not spent
on a project (see text)
(c) = capital expenditure
(sce text)
BLDFACNYV Capital yet to be spent (c) Row, -Row 2, DEF (not Percent of capital not spent
on a nuclear plant uscd) (see text)
(¢) = cupital expenditure ’
(sce text)
BLDLIM({yr} Capucity limitations (md) (10) and BD : Plant cepacities in megawatts
(buitd limits) for plant
(yr) = targel year types ) - (md) = utility plant types {lo) = utility region
(lable 1I-3) (Table I1-5) (Tabl2 NI-7)
BD = bound
BLDNUC(yr) Nuclear plant build limits (ind) 1(lo} and LIM Build limitations in megawatts
(yr) = target year . (md) = plant type (l10) = utility region
(Table 11-3) . (Tuble I1-5) {Table NI-T) )
LIM = bound (sec text)
‘BUMP . Regional heat rate diffcrences (lo) {md) leal rates in Btu per million
for scrubbing new bituninous
and sub-bituminous plants (lo) = utility region (md) = plant type and

(Table II-7) mode (Table [11-5)
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]'ABLF [I-18. UTILITICS RAW DATA FABLFS
(Continued)

TABLE NAME DESCRIPTION

CO\, UMN IHE I\I)IN(.Q

CAPCOST Regionnl enpital costs for
plants
CAPHUC(yr) Capilal ¢osts for nuclear

plants
(yr) = taepet year
(Table IN-3)

(10)

(1o) = wutility region
(Table 11-7)

(o)

(o) = utility region
~(Table I-7)

ROW HEADINGS

TABLE ENTRIES

(m)yr)

(m) = first character of
.plant type (ind)
(Table H1-3)

NOt, NY1, NZ1, 0Ll

NOL = new nuclenr plants
NY1 = commi{ted nuclear
plants

NZ1 = deferrable nuclear

plants
OL1 = deferred plants

Costs in dollars per kw

Costs in dollars per hw

-

Costs in dollars per kw

-

foctors Tor determining
revene reqguirements of
new plant adeditions

Costa in 001 dollars per kwh

Fixed charge fnctovs

(1o) = utility region
{able 11-7)

- COALCONU Capilal cost for converting colL ROW
’ to conl sleam plant
COSTNEW Operating and maintenance (o) (i)
costs for new equipinent
(lo) = wtility region (m) = first eharacter of
(Tabte MI-7) plant type (md)
(Table MI-5)
DCF Regionnd fixed clmrg:u factors  (m) |
for power plant investment
used in compuling capital () = first cheracter of
charges plant type (md)
(*Fable 11i-5)
DCFA Regiound enpitnl charge (1) (yv)

(yr) = target yeaor
(Tuble 11I-3)

Capital charge factors
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TABLE NAME

TABLE 1H-18. UTILITIES AW DATA TABLES
(Continued)

DESCRIPTION COLUMN HEADINGS ROW HEADINGS TABLYE ENTRIES

EXIST Existing reglonal plant (md) (10) Capaceilies in megowntts
capacilics .
{md) = plant type (1o) = toentior/region
(Tuble UI-5) {Vable 11-7)
FUELCONV All plant eonversion nn, (o), T, A, ‘(mdl) (mdz) (md") (yr) In column Bh: 1 = fixed
tahles ) limit, blank = upper bound
B = hound (see text) (lmllb = conversion mode
(l0) = utility vegions (‘'Table HI-5) In column (lo) = covversion
(Table 111-7) (mi,) = original plant in megawalts
TC = coal conversion “ type (Table 11-5)
cost indientor (llld." = resultant plant In column TC: 1 Indiented n
Al = Indicator for atl type (‘Table NI-5) conl conversion cost is incurred
targel years {yr} = target year (Tabie 11-3)
or nll target yenrs if In column Al: 1 indicales the
“AL" . velues apply to all tnrget yenrs
HEATRAT Wegional heat rates for {lo) (md) Heal rates in millions per Th
existing plents standnrd units (bareel, thousands
(to) = wtility region (md) = plant type aubie feet, ton)
' (Table HI-7) {Tuble 11-5)
HEATY egional heat content of SCALE, bUMP (mt) In column SCALE: ealorifie
fossit fucls ' values In millions pev 10
SCALE = values (nt) = fuel types per standard it (bareed,
(Table 111-9) thousaid cubje feet, ton)
BUMP = tuble vevision In columm BUMP: | indicales that
indicator the volve is revised by Tnble BUMP.
HYDCAPPC Regionnl enpneity fnetors (to) (yr) Capacily (nctor

for hydro plaats’
(10) = utility region

(vr} = target year
(‘Table NI-T)

(‘Table I-3)

NEWRTE(yr)

(yr) = target yenr
(‘Table HI1-3)

flent rates for new (J) ()
equipment

Heat rates in millions per
stondnrd wunits (barrel, thousands
(m) = first elugacter cubie fecl, ton)
in plant type (md)

(‘Puble 1I-5)

(M) = sccond chnrneter in
pinnl type (ed),
oleelreie generation
mods: (Table HI-5)
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TABLE III-18. UTILITIES RAW DATA TABLES

1

{Continued)

TABLE NAME

DESCRIPTION

COLUMN HEADINGS

ROW HEADINGS

TABLE ENTRIES |

Cost factor in 001 doblars

)

Revenue in bitlions of dolars

relrofitling existing bitu-

“minous plants using high

(yr) = targel year
{Fable N1-3)

ROW = (sce text)

(lo) = wtility region
(Fable 11-7)

(x) = upper ("U") or
lower ("L") bound

Inrow ROW: add-on costs
In dollars per kw

OLDCOST Operating and maintenance SCALE (m)
costs for existing plants per kwh
. SCALE = cost factor (in) = first charncter of
lont type (ind)
Table 14-5)
OLDMONEY Itevenne required by assels (to) (yr) .
exisling on January t, 1976
(io) = utility region (yr) = target year
(Tablc HI-T) (‘Fable 111-3)
RESERVE Rescerve margin requirements  (lo) now Reserve margin
(10) = utility region
(‘Table HI-7)
RETIRE Retirement eates for fossil {1n) (yr) Retirement rates
fuel plants ’
(10} = wutility region (yr) = targel year
(Table 11 7) (table 11-3)
RETRO ¢ {tegiount add-on costs for {yr) 1OW and (lo)(x)

tn row (10)(x): capacicy bounds
“for retrofiticd plamts

THIOSS

Regional transmission and
distribution efficiency
rates ’

.

CoL

(o)

(lo) = wulility region
(Table III'J)

Efficiency rates




¢ 89

TABLE {Ii-18. UTILITIES RAW DATA TABLES
(Continued)

COLUMN JEADINGS

DESCRITION

TABLE NAME

4

ROW HEADINGS TABLE ENTRHIS

TRIS

Repgionnl transinission and
distribution incremental
enpilal costs and opernting
and muintenance cosls

+lo)
[}

o) = ntility region
(Table N-1)

Row (YR): capital costs in

{yr) and OP
dollars per kw

(yr) = tlorget yenr )
Row OP: costs in dollars per

(Tnble ti1-3)
OF = operating coslts kw per YRt

Limits in gigawnlls

TRLIM

Regional limits on existing
tronsmission and distribu-

tion capncitly

SCALE

(10) ond FOTAL

(o) = utility reglon
(Table NI-7)
TOVAL = total for all regions

\




IV. SUBSYSTEM/PROGRAM DESCRIPTION

&
A. INTRODUCTION

Viewing PIES as a single system, from raw data to final outputs, permits the .
definition of logical subsets, or subsystems, within it. The subsystems, as illustrated in
Figure IV-1, perform theAmain functions of PIES: data.input, file creation, modeling, and
report production. Although satellite models are not considered part of the PIES
Integra{ing Model as defined in chapter I, those satellite models that provide data directly
to PIES software are described below. The PIES subsystems are described in this chapter
in terms of their functions and the data they use.

Within each Iogical subsystem are programs that perform the PIES data processing
and modeling. The major programs within each subsystem are described by their fu;lction,
programming 1anguage, and data inputs and outputs.

B. SATELLITE MODELS

PIES raw data come from a variety of sources including energy models, DOE
analyses, energy information systems (e.g., DOE's Respondent Information System), and
energy industry publications. For a particular energy material or facility, these data are
usually integrated into a series of raw data tables by the PIES staff. However, data on
coal, natural gas, oil, and refinerie; are passed directly to the preprocessors from four
energy models, defined here as satellite models. In addition to these satellite supply
models there is a PIES Demand Model, also considered here as a satellite model. The
Demand Model also supplies data to the PIES Integrating Model. Figure IV-2 depicts the
satellite models deseribed in this chapter.

These primary satellite models are described below in terms of function,
organizational responsibility, software used, and relationship to PIES. All of these models

are run on the EIA computer facility described in chapter V.

89



0L

FIGURE

v-i

PIES SUBSYSTEMS 'A"ND DATA FLOW

© DATA BASE
: ™M AINT ENANCE
_ "I sysven® '
" | oeEmanmp
FILE
—
SATELLITE \
MODELS ; .
. WORKSPACE
i PRE: * Nt ¥
DATA =1 6 ROCESS ORS | STANDARD »1 STEP! Mﬂfs'x o I
AN:LOYEQIS TABLES rABLES N
) COMPILED
] ~ .
*+ PIES SUB3YSTEMS _)

REVISE
FILE

:

PROBLEM
FILE

:

SOLUTION

FILE

\

*
AUXILIARY

4

ey -1

3

FINAL
REPORT
FILE

—

INTEGRATING

MODEL
REPORT

AUXILIARY

REPORY
WRITERS

REPORTS




1L

DOE

OFFICE OF ENERGY
SOURCE ANALYSIS

DOE
OFFICE OF
INTEGRATIVE ANALYSIS

— e pm— estt———

DOE
OFFICE OF ENERGY
USE ANALYSIS

- SELECTED PIES SATELLITE

FIGURE

iv-2

MODELS

Y

e pmmvum  aememme  em——— a—— anvweey Gemme ey o e

Y

COAL
RAW DATA
TABLES

REFINERY |
RAW DATA

COAL PREPROCESSOR

3= REFINERY - PREPROCESSOR

TABLES

:

NATURAL GAS|
.RAW DATA
TABLES

i

0lL
RAW DATA
TABLES

(

. IMPORT
STANDARD
TABLES

————= NATURAL GAS PREPROCESSOR

j————— O0lL PREPROCESSOR

SOURCE
RESERVES NATIONAL
COSTS COAL
MINE \an
DESCRIPTIONS MODEL
RAW MATERIALS
HISTORICAL PRODUCT REFINERY
SLATES o DATA
BLENDS > ’
FACILITIES AGGREGATION
RESERVES GAS
LEASING - SUPPLY
PRICES MODEL
RESERVES olL
LEASING »| SsuPPLY
PRICES MODEL
MACRO £
FORECASTS — > IEES
DEMOGRAPHICS
MACROECONOMICS ——pm »
SOLAR 8 GEOTHERMAL P

DEMAND
CONSERVATION IMPACT

Bt

DEMAND

——— STEP 2 /QUSER

FILE

:



1. National Coal Model

The National Coal Model (NCM) forecasts production, consumption, and prices
of coal to support DOE analyses of coal-related policy issues. The model is the
responsibility of the Coal and Electric Power Analysis Division/Office of Energy Source
Analysis/Office of Applied Analysis. The NCM uses LP methodology to produce both
short-range and mid-range coal forecasts. Like PIES, it has a number of sub-modules, one
of which is a coal supply sub-module. This supply module generates coal supply curves by
utilizing a series of resource-allocation and mine costing algorithms. Its output is a set of
coal supply curveé, which when aggregated into PIES coal supply regions by a subroutine
creates a file specifically for use by the PIES coal preprocessor. The NCM uses both
GAMMA and MPS-III progr;mming languages. One of its output is a file of long-range
forecasts, based on PIES coal supply regions, which is geherated specifically for use by the
PIES coal preprocessor. The NCM uses both GAMMA and MPS-III programming languages.

\
2. Refinery Data Aggregation N

Refineries modeling consists of data from the Refinery and Petrochemical
Modeling System (RPMS),l manual estimations of capaci’sies and costs, and manual Btu
adjustment computations. These are integrated into a set of raw data tables by
customized programs written in GAMMA, a report and matrix generation programming
language simulates MaGen and Fortran. 'fhe analysis and operations of RPMS and the
table generator are performed 'by DOE's Oil and Gas Analysis Division/Office of Energy
Source .Analysis/Office of Applied Analysis. The on-line file containing the regional

LS

representation of refinéry operation is input to the refinery preprocessor.

3. Gas Supply Model

The Gas Supply Model creates natural gas supply eurve data in raw data table
format for PIES input. The tables are passed directly to the natural gas preprocessor in an
on-line file. Reserve estimates, leasing schedules,.and price trajectories for gas and

coproducts are inputs to the model

1RPMS is a data base and matrix generator, written in GAMMA, available on the
DOE/EIA computer facility.-
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The Gas Supply Model is written in Fortran and maintained and operated by the

DOE Oil and Gas Division/Office of Energy Source Analysis/Office of Applied Analysis.

. I
Due to the numerous scenario requests that vary price trajectories, leasing schedules, and

reserve estimates, this model and the Oil Supply Model are run more frequently than other

satellite models.

4. Oil Supply Model

\

The Oil Supply Model is similar to the Gas Supply Model in method and
organizatiorial responsibility. Oil supply curves are created for PIES input in raw data
table format and passed via on-line data files. The model supplies data to the oil
preprocessors. Regression analysis techniques using leasing séhedules, price trajectories,
and reserve estimates to produce the oil supply curves.

The Oil Supply Modej is written in Fortran and maintained and operated by the
- DOE Office of Energy Source Analysis/Office, of Applied Analysis. Like the Gas Supply
Model, the PIES scenario changes affect th{s model more than most satellite models,

causing frequent runs.

S. Demand Model

The Demand Model generates the on-line demand file for input to the LP
matrix in Step 2. 'The Demand Model is dynamie, Bsing historical econometric data,
including fuel prices, demographic; forecasts, conservation impacts, and solar and
geothermal demand replacement. The Demand Model consists of preprocessor programs,
the Regional Demand Forecasting Model (RDFOR), which produces the regional demand
curves, and the Demand Interface Program (DFACE), which integrates all of the demand
foreeasts into the demand file for PIES. The outputs are the parameters of a log-linear -
demand funection to prediet quantity demanded as a function of price by fuel and economic
sector, The key parameters is an elasticit; matrix. The model'is written in Fortran and

maintained and operated by the DOE Division of Demand Analysis/Office of Energy Use

Analysis/Office of Applied Analysis.
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C. PIES PREPROCESSORS

The first step in PIES is to accept raw data.that must be edited, reformatted, and
sometimes used for preliminary calculations. This preprocessing function creates data
files in a standard format, using standard units of measurement for use by the PIES
modeling functions. Inputs to this preprocessing are called raw data tables; outputs are
called standard tables. Due to the nature of the raw data, its varied sources, formats, and
units of measurement, there are separate preprocessors for each energy material and
facility type. Since data on shale oil, nuclear fuel, and imports are provided to PIES in
standard table format, no preprocessors are necessary for such data. - Figure IV-3
illustrates the preprocessor subsystem.

The preprocessors are written and maintained by the PIES staff. The programs,
inputs and outputs are stored on disk files. Data entry (except for inputs produced by
satellite models ) and program changes are transmitted on-line via terminals in the PIES
staff offices.

1. Coal Preprocessor - .

The coal preprocessor accepts raw data tables as input and reformats them
into standard tables. The coal raw data tables are generated by a sub-module of the
National Coal Model and trahs}nitted to the preprocessor via an on-line disk filc: Some
computation is performed to aggregate data and change units of measurement. The coal

preprocessor is written in MaGen.

2. Geothermal and Solar Preprocessor

All raw data are input directly to the source code of the geothermal and solar
preprocessor by the PIES staff. The preprocessor reformats the raw data tables into
standard tables, performing limited computation. ‘This preprocessor is written in MaGen.

3. Natural Gas Preprocessors

There are two natural gas preprocessors, both written in MaGen. Onc
preprocessor is used to process raw data tables from the Gas Supply Model detailing non-

associated natural gas production. These data are passed from the satellite model to the
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preprocessor in an on-line disk file. This preprocessor produces the natural gas supply
curves in the standard table format.

| The second preprocessor uses both raw data tables and the standard tables
produced by thé first natural gas preprocessor and the oil preprocessor. All inputs to the
second preprocessor are entered via disk files. This preprocessor processes the non-
associated natural gas data with the associated natural gas data (from 'the oil
preprocessor) to produce standard tables containing interstate pipeline shipment
information.

4. Qil Preprocessor

The oil preprocessor accepts the oil raw data tables from the Oil Supply Model
as input. These tables are in on-line disk files. Written lin MaGen,; this preprocessor
performs calculations and conversions of data while reformatting the data into standard

tables.

5. Refinery Preprocessor

Most data are accepted by the Refineries preprocessor as external file inputs
although some tables are built into the MaGen source code. Some computatiohs are
performed during the reformatting of data into standard tables.

!

6. Syntheties Preprocessor

The raw data for syntheties are entered directly into the MaGen source code
for this preprocessor. Limited computation is performed in the preprocessor while the
data are formatted into standard tables.

7. Transportation Preprocessor

Although some raw data are entered directiy into the MaGeh source cbde,
most raw data are entered as file input from raw data tables ecreated by the PIES staff.
Extensive computation is performed in this preprocessor. The transportation network is
modeled here rather than in later PIES Integrating Model programs.

8. Utilities Preprocessors

There are two utilities preprocessors. The first is written in Fortran to

caleulate and produce the capacity and composition factors to be used by the second

\
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preprocessor. The second preprocessor accepts (as input) the output of the first
preprocessor, in addition to raw data tables that are entered directly into the MaGen
source code. This two-step process allows the computation performed in the first step to
be done in Fortran and permits I;IES analysts to review the capacity and composition
tables produced before using them for the second preprocessor.

Like the transportation preprocessor, the utilities preprocessor performs most
of the médeling as the standard tables are created.
D. STEP1

Solving the PIES LP matrix involves two subsystems. The first, Step 1, aggregates
the supply data into the initial LP matrix. The second, Step 2, incorporates demand data
into the matrix and solves it.

Step 1, as illustrated in Figure IV-4, consists of three processes: workspace
generation,‘matrix generation, and report compilation. The main inputs to Step 1 are the
standard tables, most of which are created by the preprocessors described above. Three
outputs are produced: a workspace file, a matrix file, and a compiled report file. All
threé are inputs to Step 2.

The workspace file is an integrated set of standard tables used to create the other
two Step 1 files. It is also input to the REVISE program in Step 2, providiﬁg modifications
to the matrix. The matrix file is the main input to Step 2, containing the supply data in
the required format for the LP routines. The compiled‘report file contains the compiled
MaGen code for PIES Integrating Model Report (values from the LP solution reached
during Step 2 are accessed during the generation of the report at the end of Step-2).

Step 1 is maintained and operated by the DOE Division of Mid-Range
Analysis/Office of Integrative Analysis/Office of Applied Analysis (referred throughout
this volume as the PIES staff). Step 1 is performed in a single bateh run executed
remotely via terminal on the EIA computer facility. All of the code uses the M‘éGen

programming language. The three processes are described below.
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1. Workspace Generator

The workspace generator integrates the standard tables into a single file of all
the supply data. ‘Additionally, all material balance row names are indentified and
combined into a single table. All process limit row names are also identified and
- combined into a'single table. (Material balance and process limit rows are discussed in
chapter 3.) Transportation linkages are established. After the workspace file is prdduced,
it is copied onto tape.

2. Matrix Generator

The matrix generator uses workspace file data to create the matrix file. The

matrix file is copied onto tape after it is produced.

3. Report Compiler

The report corﬁpiler‘contains the bulk of thc\e\ program code in Step 1. Vaﬁous
tables generated specifically for the report are maintained in the program. These tables
include: the table of contents for the report, historical data, and descriptive codes,
headings, and abbreviations added to the numerical data in the report (e.g., units of
measurement). | |

~

k The output from the report compiler, the compiled report file, contains the
skeleton report /emd the proper pointers to the solution file to facilitate the production of
the Integrating Model Report upon completion of Step 2. The compiled report file is
copied onto tape at the completion of Step 1.

Step 2 takes the LP matrix created in Step 1, z:adds derﬁand data, solves the matrix
and produces the report. This step is designed to permit PIES runs for different scenarios
without reprocessing previous preprocessor and Step 1 runs. The LP matrix is temporarily

)

‘modified via REVISE to reflect the scenario changes, significantly reducing the time and

cost of the runs.

Like Step 1, Step 2 is a single bateh run executed remotely via terminal. The PIES
staff maintains and operates these runs. As illustrated in Figure IV-5, Step 2 is a complex

iterative process, using numerous [iles.

79



08

STEP | —»

WORKSPACE
FILE

FIGURE

IV-5

STEP 2

)

REV|SE

D

>

-

/

\&_‘_/

STEP | ————

\\‘____,,/
STEP | ———3t -~
MATRIX REVISE DEMAND
FILE FILE FILE
N N~
D .
' MPS - III - ,
REVISE CONTROL SOLUTION QUSER
PROGRAM
FILE - FILE
! o
END
PROBLEM SOLUTION
FILE FILE
- - -
COMPILED -~ =» RepoRT FINAL
REPORT »1 WRITER REPORT
FILE - ; FILE
N

% THIS PRCTESS OCCURS AFTER MGOUEL CONVERGENCE OR MAXIMUM ITERATIONS.

’

INTEGRATING
MODEL
> REPORT




The initial step is REVISE, providing all scenario-specific changes to the matrix
through the revise file. The néxt steps involve an iteration between solving the LP
matrix, determining whether an equilibrium between supply and demand is reached, and
adjusting the matrix to be re-solved. Once an equiiibrium is reached, the results are
merged with the compiled report file from Step 1, and the Integra\ting Mo'dei Report is
produced. Each of the Step 2 processes are deseribed below.

1. REVISE

REVISE is a MaGen program that takes the workspace file as input‘and‘
produces a revise file, which is used to update the matrix file. The scenario specifications
and changes input to REVISE are coded in the MaGen program using SUPERWYLBUR for
on-line interactive data entry.. The output revise file is in MPS360 format as required by
the LP routines that follow.

Where feasible, REVISE is used to modify the matrix as required to specify
alternate scenarios. At times, the changes needed are either too voluminous or too
complex to compute manually. In such cases, PIES must be run beginning from ne'w raw
data. For example, this occurs when oil or gas supplies are affected by scenario
specifications. In thése cases the Oil and/or Gas Supply Mbdel must be run to generate
new raw data. Next, the appropriate preprocessors and Step 1 must be rerun before Step 2

can be initiated.

2. MPS-III Control Program

Once the initial revise file is produced, the iterative processing begins.
Control%ng this processing is a program written in the Control Language‘ for MPS-III, the
LP systém used to solve the LP matrix. This program creates the problem file from the
matrix and revise files; solves the LP matrix (using the- MPS-III optimizer WHIZARD),
producing the solution file; and calls QUSER to check the solution for supply and demand
convergence. If the model has not con.verged, a new revise file is produced by QUSER,

starting the process over again. When either the convergence criteria are met on a
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specific number of iterations reached, the processing is automatically ended ahd the final
solution file created. Figure IV-6 illustrates the process flow of the MPS-III control
pr'og'ram.2 |

The solution file is saved on tape for use by various auxiliary report generators
desecribed in section G below.

3. QUSER

QUSER equilibrates supply and demand by interfacing the LP supply model
with the Demand Model. Additionally, it represents policy and regulatory structure. As |
illustrated in Figure IV-7, the first time that QUSER is called is not an actual iteration
like those that follow, but an initialization of the program, including interfacing with the
Demand Model. Regional elasticities, demands, and price estimates are used to
incorporate an approximation of the demand function into the LP matrix (via the revise
file).

QUSER is invoked by the MPS~III control program after each LP solution is
reached. QUSER performé scenario-specific and price calculations and then determines
whether the model has converged. If it has not converged, the demand function is re~
ap[:n'oximated.3

QUSER is written in Fortran and consists of numerous sub-routines,

4, Report Writer

Once the MPS-III control program has completed its functions, Step 2 control
goes to the report writer process. The report execution phase of fhe report writer
consists of a few lines of MaGen code, which initiate the merging of the compiled report
file with the necessary data in the solution file. The result of this process is an IBM print

format file with the PIES Integrating Model Report.

-,

2As noted in Figure IV-6, the initial. "iteration" is different from subsequent
iterations. The first creation of the solution file does not actually eontain a solution, but
is merely used to pass data for the initial call to QUSER.

3See Chapter II of Volume IV in this documentation series for a fuller description of
these iterations.
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F. AUXILIARY REPORT GENERATORS

In addition to the PIES Integrating Model Report, produced during Step 2 of the
. Integrating Model run, there are other reporting mechanisms available to the PIES staff.
Two of these, PERUSE and Matrix Peruse offer on-line interactive information retrieval.
The Coal Transportation Report and the Capital Report writer are special-purpose,
remote batch report generators. A series of automated data documentation reports
provide documentation for data used in generating all standard tables. Each of these are
~ described below.
1. PERUSE .
PERUSE is a customized Fortran program maintained by the PIES staff.
PERUSE is used for on-line and batch inquiry of the PIES solution file. It permits analysts

to retrieve specific data values from the results of a PIES Integrating Model run.

2. Matrix PERUSE

Matrix PERUSE is a new addition to th@ on-line and batch inquiry programs
available to the PIES staff. Like PERUSE, Matrix PERUSE is a Fortran program written
by the PIES staff. It is available for on-line or batch reporting of the matrix file, to allow
the retrieval of specific data values.

3. Coal Transportation Report

The Coal Transportation Report is a MaGen report generator that accesses the
PIES solution file to select specific data to report in a f ixeq format. Quantities, prices,
and transportation costs of coal are reported by coal type and region. ‘This report
generator is maintained by the PIES staff and operated in remote batch mode.

4, Capital Report Writer

The Capital Report writer is a MaGen report generator that accesses the PIES
workspace and solution files. Capital investment requirements are feported by energy
material type in a fixed report format via remote batch mode. The Capital Report writer

is maintained and operated by the PIES staff.
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5. Automated Data Documentation Reports

The Automated Data Documentation Reports provide documentation of PIES
data, primarily standard data, but in some cases raw data. For example, the automated
data documentation report for utilities includes some raw data long with the standard

table data. The programs which provide these reports are written in MaGen.

®
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V. SYSTEM HARDWARE DESCRIPTION

A. INTRODUCTION

This- chapter des/cribes - the computer facility on which PIES operates. This
description may be used as either an overview of the present PIES computer system, or as
a guid\e' for determining the hardware requirements necessary to utilize PIES on another
computer 'facility. The following sections detail the PIES computer faciiity, support
software, and security and privacy restrictions. |

B. ° PIES COMPUTER FACILITY

All PIES software operates on the DOE/EIA computer facility operated by Optimum
Systems Incorporated, Rockville, Md. This facility provides a timesharing service for EIA
offering remote batch.(and interactive processing. The EIA hardware facilities aré
summarized in Table V-1.

1. Central Computer

PIES programs are run on the EIA central computer system, two 370/168 CPUs
configured as a multiprocessor under CS/MVS. There are eight‘ million byteé of
addressable core available; 1.2 megabytes comprise the nucleus and other resident
software, 6.8 megabytes are for Ashared paging.

\
2. User/System Interface

Access to the EIA facility is via remote batch terminals or on-line interactive
terminals. Remote batch terminals (high-speed) are located at two DOE offices in
Washington, D.C.: 12th and Pennsylvania Avenue, N.W., and 2000 M Street, N.W. On-line
terminals are available in the PIES staff offices. Terminals are used for both on-line

interactive processing and initiating bateh processes.

3. Data Storage
Both disk and tape units are used for PIES data storage. IBM 3350 disk drives

(317 megabytes per pack) are used for on-line data storage. Raw data tables, standard
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TABLE V-1. EJA SERVICE FACILITY HARDWARE (MARCH 1978)

IBM 370/168 Model 3 CPUs (eight-million total bytes)

IBM 3068 Multisystem Communication Unit

IBM 3066~2 Consoles

IBM 2880-2 Block Multiplexor Channel Pairs

IBM 2880-1 Block Multiplexor Channels

IBM 2870 Byte Multiplexor Channels

IBM 2860-2 Selector Channel Pairs

IBM 3272-2 Control Units

IBM 3277-2 CRT Terminals

IBM 3288-1 160~CPS Printer

IBM 3284-2 40-CPS Printer

IBM 2821-1 Control Unit

IBM 2540-1 Card Reader Punch Unit

IBM 1403-N1 High-Speed Line Printer (850 LPM)

IBM 3211 High-Speed Line Printer (2000 LPM)

IBM 3811 Control Unit '

IBM 2835-2 Control Units

IBM 2305-2 Fixed-Head Disk Storage Facilities

IBM 3830 Disk Control Units

IBM 3330-11 Spindles (200 megabytes each)

IBM 3350 Spindles (317 megabytes each)

STC 3800-III Tape Control Units

STC 3470 Tape Drives (nine tracks, 1600/6250 bpi, 160/320 kb/s)
STC 3450 Tape Drive (nine tracks, 800/1600 bpi, 100/200 kb/s)
STC 3430 Tape Drive (seven tracks, 556/800 bpi, 42/60 kb/s)
IBM 3705 Communication Control Unit

Cpmten 3670 Communications Control Units

IBM 2914 Manual Switching Unit

88



tables and the report file aré maintained on-line. A packed version of the solution file for
use with PERUSE and matrix Peruse is also maintained on-line. The other data files,
matrix file, problem file, ete. are stored on tape-and copied to on-line disk files when
needed for processing. Nine-track tapes'with a density of 6250 bits per inch are used.
Table V-2 lists the data storage requirements."

TABLE V-2. PIES DATA STORAGE

Approximate Storage Approximate Storage
‘ Requirements on Requirements in

File. IBM 3350 Disk Millions of 8-Bit Bytes
Raw Data Tables 150 ‘tracks 2.9 megabytes
Standard Tables ) 170 tracks 3.2 megabytes
Workspace File L 300 tracks 5.7 megabytes
Matrix File 150 tracks 2.9 megabytes
Revise File ' 25 tracks .5 megabytes
Solution File 100 tracks 1.7 megabytes
Solution File (packed 17 tracks .3 megabytes
Problem File 160 tracks 3.0 megabytes
Demand File 20 tracks .4 megabytes
Integrating Model Report File 22 tracks .4 megabytes

C. PIES SOFTWARE REQUIREMENTS

PIES uses-a number of special-purpose software syétems in addition to the system
software under which it runs.. PIES JCL is written for the MVS (release 3) and JES2
,ope-rating system on the EIA computer facility. JES2 is the MVS equivalent of HASP, It
permits remote job entry from numer.ous'peripheral stations. ,

Two options are available for interactive use. IBM's TSO (timesharing option) is used
when interactive cbmpiling, linkediting, executing, or debugging is necessary.
SUPERWYLBUR is used for text editing and remote job entry.1

As a text editor, SUPERWYLBUR is used to update files (e.g., raw data tables) and
programs. Since data are contained in many PIES programs, SUPERWYLBUR is used to
alte.r data stored directly in the code (e.g. REVISE). In remote job entry, SUPERWYLBUR

is used to initiate PIES batch runs via terminals and to route outputs to the proper

facility. !

1Although TSO can perform these functions, SUPERWYLBUR is often easier and
better than TSO for these purposes.
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PIES uses three programming languages. Fortran (Gl) is used for much of the
computation performed (QUSER). Most programs ére written in MaGen, which is a special
purpose software system for linear programming matrix and report generation. It is
especially flexible and easy to use for matrix creation, matrix manipulation report and
generation. MPS-III is one of the linear programming systems offered on the EIA facility.
While MaGen is lused for matrix creation and solution reporting, MPS-III is used to solve
the LP matrix. Step 2 employs an MPS-III Control Program using the MPS-III optimizer,

[}

WHIZARD.
D. PRIVACY AND SECURITY

PIES does not contain confidential data and does not employ procedures for privacy
and security. The EIA facility does, however, offer security to guard against inadvertent
loss or destruction of PIES programs and data. Site security is striet, with 24-hour
security guards and other necessary restrictions required by its SECRET facility

clearance. 2

2The SECRET clearance is in accordance with the Department of Defense Industrial
Security Manual.



) VI. OPERATIONAL DESCRIPTION

A. INTRODUCTION

PIES processing is a sequential series of programs. The éatellite models, DOE
analyses, and the Demand Model, create the necessary- input data that drive the
Integrating Model. The preprocessors are run first, then Step 1, and lastly Step 2.
Because of the flexibility of Step. 2 (the PIES matrix may be altered without rerunning
Step 1)‘ many PIES runs begin with it. For example, in 1976, 500 Step 1l's were run,
compared to 3000 Step .2's. Likewise, running Step 1 to create a new matrix does not
necessarily require running all the preprocessors. If data affectihg only one preprocessor
are altered, only that preprocessor need be run béfore Step 1 to recreate the matrix file.

The PIES staff maintain and operate all of the PIES subsystems. This chapter
describes the operational procedures carried out by each staff analy;st responsible for a
particular program. Procedural flow, frequency of runs, mode of operation (on-
line/batch), and run times are discussed for each subsystem.

B. PREPROCESSORS

The preprocessors are separate programs that are run independ'ently (in most cases).
The running frequency depends on the avéilability of raw data and the scenario
requirements. Some preprocessor.s'are run infrequently to correspond to raw data updates.
Others are run more often to meet tﬁe requirements of changing PIES scenarios. Each of
the preprocessors is di;cussed below. |

1. Coal Preprocessor

The coal preprocessor is run periodically, when new data are available from
the National éoal Model. It is independent of other preprocessors, and one run produces
the necessary standard tables for all target years and one scenario. It is aléo run when
new scenarios dictate changes to the input raw data. These require rerunning the National

Coal Model pi'ior to the coal preprocessor.
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The coal preprocessor is run in remote batch mode using SUPERWYLBUR to
initiate the run. CPU time is approximately 4 minutes per run.

2. Geothermal and Solar Preprocessor

The geothermal and solar preprocessor is an independent program that is run
infrequently. The raw input data are developed through DOE analyses and do not
frequently change. Scenario specifications rarely have an impact on the input data.

The raw data tables are part of the preprocessor so that the actual processing
only requires remote batch initiation using SUPERWYLBUR from a terminal. One run
produces tables for two scenarios and two target years, requiring about 5 seconds 'CPU
time.

3. Natural Gas Preprocessors

There are two natural gas preprocessors that are not totally independent as are
most other preprocessors. The first preprocessor (labeled "GS") uses the raw data tables
produced by the Gas Supply Model to produce standard tables. These standard tables
contain data on non-associated natural gas. The second preprocessor (labeled "AL") uses
both the standard tables created by the first natural gas preprocessor and the oil standard
tables (containing data on associated natural gas) as inputs. It also uses raw data tables
created by the PIES staff in an on-line file. This produces standard tables for gas
pipelines.

These preprocessors are run frequently, since scenario changes often affect
the gas supply data. Each new run of the Gas Supply Model requires rﬁns of both
" preprocessors. Some data changes may also require changing the raw data tables created
by the PIES staff, necessitating a rerun of the AL preprocessor. This is done using
SUPERWYLBUR as a text-editor in an on-line interactive mode from a terminal.

Both preprocessors are run in an remote batech mode using SUPERWYLBUR

from an on-line terminal to initiate the run. The first preprocessor is normally run for one
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scenario and two target years, requiring 25 seconds of CPU time. The second
preprocessor is run once for all scenarios and years, with léss then 5 seconds of CPU time.

4, Qil Preprocessor

The oil preprocessor is independent of other preprocessors, but uses raw data
output from the Oil Supply Model. Like the natural gas preprocessor, the oil preprocessor
is run frequently, since scenario specifications often affect oil supply data. Each time it
is run, the Oil Supply Model is run to produce raw data tables; then the oil preprocessor is
run, with those tables as input.

The oil preprocessor is run in remote batch mode from a terminal, using
SUPERWYLBUR to initiate the run. This preprocessor produces one scenario for two

target years in a run that uses 25 seconds of CPU time.

' 5.  Refinery Preprocessor

| The refinery preprocessor uses raw data tables from the Aggregation of the
RPMS Data Base for inputs. Although minor adjustments to the supply data may be made
for specific scenarios, in general, major revisions to the refinery data occur two or three
times a year. The refinery preprocessor batch run is then initiated using SUPERWYLBUR
from a terminal.

6. Syntheties Preprocessor

The synthetics preprocessor requires DOE analysts to create its raw data
inputs. These inputs are entered in the preprocessor code using SU?ERWYLBUR as an on-
line interactive text-editor. Like the geothermal and solar data, the synthetics data do
not change frequently, nor do scenario specifications require frequeﬁt changes. Thds, the

batch run of the synthetics preprocessor is not executed often.

A single run creates tables for two scenarios and two target years. The run is
initiated using SUPERWYLBUR for remote job entry and requires about 10 seconds of

CPU time.
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7. Transportation Preprocessor

The transportation preprocessor is also independent of other preprocessors,
requiring only changes to:its raw data inputs to produce new standard tables. The raw
data tableé are stored in an on-line file and in the préprocessor code. Either the file or
the code can be updated, using SUPERWYLBUR as an on-line interactive text-editor.

7 . .
The transportation preprocessor is run in remote batch mode using

SUPERWYLBUR from a on-line terminal. It is run separately for each target year (there

is only one scenario for transportation). Each run requires 5 seconds of CPU time.

8. Utilities Preprocessor

The utilities preprocessor is a two-step process. Tables of capacity and
composition factors are entered in the first préprocessor from an on-line file. This
preprocessor produces a table of these factqrs that is reviewed before running the second
preprocessor. The first preprocessor also creates an on-line file with this output data.

The majority of utilities raw data tab.les are entered directly in the second
preprocessor code. This data can be updated by using SUPERWYLBUR as an on-line text-
editor. The second preprocessor is run using the on-line file created by the first
preprocessor as input, aﬁd creating the utilities standard tables. Although these
preprocessors are run in sequence, if scenario-specific charges only affect data in the raw
data tables, only the second preprocessor must be run to produce new standard tables.

Both preprocessors are run remote batch, using SUPERWYLBUR from an on-

line terminal. Each preprocessor is run once for each scenario for two target years. The
first preprocessor requires only a few seconds of CPU time. The second uses less than 80

seconds of CPU time.
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C. STEP1
. The creation of the PIES matrix in Step 1 is dependent on the completed processing
of all the preprocessors discussed earlier. A Step 1 run is made when one of the following
occurs:
- New raw data are available (e.g., a new run of the National Coal Model).

- Scenario requirements necessitate a change in the matrix that cannot be
handled by REVISE. :

- Changes to PIES methodology are made that require a new- matrix to be
generated.

As a general rule, there is a matrix file produced for each scenario and each target
year. When runs require slight variations in the assumptions (i.e., prices of specific energy
materials), Step 1 is not processed, since Step 2 provides capabilities for temporary matrix
modifications. When major changes to the data occur, the preproc;aséors affected are run,
and Step 1 must be run to recreate the matrix file. |

. In addition to the preprocessor-created inputs to Step 1, three other sets of data in
standard table format are required. Nueclear. fuel, shale, and import raw data are not
preprocessed and are in standard table format. These tables zire direct inputs to Step 1.
All the standard tables are in on-line files.

‘The Step 1 run is a single process of four OS/MVS JCL "steps."1 The first creates
the workspace file. The second creates the matrix file. The third and fourth JCL stébs
create the compiled report file. All three files are on-line disk files that are copied onto
tape for storage until they are needed by Step 2 runs.

The Step 1 run is a remote batch run initiated from a terminal in the PIES staff

offices using SUPERWYLBUR. Step 1 resource consumption is detailed in Table VI-1.

1Additional steps are performed throughout the run for auxiliary processes, i.e.,
tape-to-disk copying.
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TABLE VI-1. STEP 1 RESOURCE UTILIZATION (APPROXIMATE)

- Step 1 Work Space Matrix Report

Total Generator Generator Generator Other®
‘CPU Minutes 11.5 5.0 1.5 4.0 1.0
Core (bytes) 1000K
Disk Space (IBM
3350 Cylinqet's) 130 130 230
Tape Drives (at >
one time) . 1 ,

aT&lpe and disk handling

To run Step 2 requires the availability of the workspace file, the matrix file, the
compiled report file, and the demand file for the given scenario.
D. STEP2 4

Step 2 contains the LP optimization and equilbrating mechanism. This is run for
every scenario, although the previous subsystems may not be. Like the other subsystems,
Step 2 is run in a remote batch mode, initiatea with SUPERWYLBUR from an on-line
terminal. |

Data changes areamadg to Step 2 tables (in REVISE) to specify scenarios and modify
matrix entries based on the scenario requirements. These changes are done in an on-line
interactive mode, using SUPERWYLBUR as a text-editor (to change tables in the REVISE
code). | | .

The resource requirements for Step 2 are listed in Table VI-2.
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TABLE VI-2. STEP 2 RESOURCE UTILIZATION APPROXIMATE

Input Initial Iteration® | Report
Total Processing Solution Time Writing = Other

CPU - ; .
Minutes 19-57 1.2 5.0 8.5 to 47.5 2.0 2.3

Core
(bytes) 1500K

Disk

Space

(IBM

3350

Cylin=- ' ~ ,

. ders) ! 181 31 31 93

Tape

Drives

(at one 1
time)

aPr‘imarily dependent upon the number of iterations, which varies from 8 to 40,
depending on the scenario.

Ppile and tape handling. ' : s

97

b .



THIS PAGE
WAS INTENTIONALLY
LEFT BLANK

98

*U,S. GOVERNMENT PRINTING OFFICE 1979 0-620-~309/2379





