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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 Hid Range Energy l-1arket Hodel (MEMM), 
a major component of the Mid Range Energy Forecasting System 
(MEFS). J.l.1.ajor 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 HEMM 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 
enqorse 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 endo~sed 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 
·algorithm. 

Volume ill is a user's guide, describing scenario specification and the operational 
procedures for running the Integrating ModeL 

Volume IV is the main model documentation, describing 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 VI is 9ata 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 VTI 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 19 7 8 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). 

ii 
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I. OVERVIEW 

A. INTRODUCTION 

This volume is a description of the Project In~ependence Evaluation System (PIES) as 

a computer system. It is intended for r.eaders 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 t~ 

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 hardware 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 descriptions that follow. It also provides an historical view of the development of , 
PIES. 

We stress that the perspective used throughout 1this report describes PIES as a 

computer system, not as an analytical model. Although these aspects of PIES overlap 

consi9erably, there are differences, particularly in discussing PIES functional 

~haracteristics, th'e process,ing 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, 

1 A description of the PIES model is contained in Volume lV of this documentation 
series. 

) 
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February 15, 1976. As the FIPS guidelines support ongoing systems design and 

development efforts and this report documents an existing system where development 

issues ~ave already been answered and do not require documentation (e.g., organizational 

impact), some departure from the guidelines do occur. 

B. HISTORICAL BACKGROUNP OF PIES 

The OPEC oil embargo of 1973 established an awareness of the world energy 

situation. One result of this crisis was Project Independence which was established to 

evaluate the prospects of U.S. independence in energy use and provide a framework for 

developing a national energy policy. The analysis involved forecasting future U.S. energy . . 

production and consumption under a number of alternative strategies. A computer model, 

PIES, was developed by the Federal Energy Administration, Supply and Integration 

Analysis Division in 197 4. PIES forecasts for 1977, 1980, and 1985 contributed to the 197 4 

Project Independence Report, published by FEA. 

PIES has become larger and more sophisticated in the intervening years. The 

modeling aspects have been expanded, incre8$ing the volume and detail of the data. As 
\ 

the analyses of energy supply and 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 matrix. 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 rerunning earlier processes. The 

equilibrating mechanism for supply and demand has beEm modularized to increase its 

processing efficiency and ease of maintenance. Evaluations of mathematical software 

packages have ensured that PIES software is efficient, easy-to-use, and oriented to 
~ 

appropriate processing functions. On-line data entry and editing allow PIES analysts 

greater flexibility and efficiency. 

2 . ' 
Demand sectors include residential, commercial, and industrial areas, which are 

within U.S. geographic regions. 

2 



A _9ata base maintenance syste'm has been recently co~pleted 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 an~ tracking files. 

In addition, more efficient programs and system resource .utilization have decreased 
' . 

overall processing time, even though the amount of moaeling 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 to allow on-line 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 fo'r PIES, the staff of the Office of Integrative Analysis' Division of Mid Range 

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 by DOE to forecast energy prices, supplies, demands, and 
\ 

conversion activities. 3 It is also an analytic~! tool for examining the potential impact of 
I I 

changes in Federal policies through the specification 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 mod~ls, 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 produetion of the 

PIES Integrating Model Report. 

PIES initial foreeasting is an analysis of the supply and demand of eaeh primary fuel, 

energy facility type, and energy product (e.g., eleetricity). These analyses are referred to 

as satellite models, whieh are executed manually, by eomputer, or in eombination. ·Many 

of these satellite models are independent energy models that foeus on a partieular energy 

type (e.g., eoal) and provide data to PIES as one of many outputs.' Sinee they are not part 

of the PIES Integrating Model, they are not eonsidered part of the PIES eomputer system 

as deseribed in this report; they are treated as data eolleetion processes supplying inputs 
' 

to PIES. Figure I-2 illustrates the satellite models and their interfaee with the 

PIES Integrating Model, which is described in detail below. 

Some satellite models are eomputerized energy models that provide data to PIES in 

an automated form. The National Coal Model, for example, is a DOE system that provides 

eoal supply input data to PIES in an on-line disk on the DOE eomputer. 4 Other input data 

are generated through DOE analysis of available information. This analysis may involve 

researeh from DOE reports, energy industry data, trade publieations, ete. Input data on 

supply from emerging technologies (shale, solar, ete.) are the result of sueh analyses. 

Other inputs come from eombining outputs from an energy information system (e.g., the 

Federal Energy Data System) with data colleeted through manual analyses. There are five 
I 

satellite models that supply input data to PIES in an automated form and are discussed 

later in this report: demand (for all energy), eoal, refineries, oil, and gas. The rest o~ the 

supply inputs are provided through manual or combined manual and automated processes. 

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

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

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

4The National Coal Model and PIES are proeessed on the same DOE computer. 
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Its outputs ar.e formatted into the demand file that is ready to be entered later in the PIES_ 

processing. The PIES processing flow is discussed below. 

The first PIES Integrating Model function is the processing of supply, or "raw" data. 

These inputs to PIES are called raw data tables.· They are processed by a set of programs 

called preprocessors5 that reformat the raw data into a standardized. for~at and perform 

some modeling functions. The preprocessor .outputs afe called standard tables. 

Standard tables are th.en processe'd in the first step of a two-step process that 

integrates the supply and demand data and calculates an equilibrium between supply and 

demand. Step 1 enters all the supply data (in the form of standard tables) and produces 
) 

the files necessary for the Step 2 functions: the wor~space file, the matrix file, and the 

compileg 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 needed 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 updating 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. · 

6This permits various PIES scenarios to be run using the same matrix file. 
Significant supply data changes require rerunning the appropriate preprocessors and Step 1 
before running Step 2. ' 
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and solve it in the MP8-III Control Program. 7 QUSER cheeks the solution file for 

eon vergence 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 

aeeessed bv the compiled report file to produce the PIES Integrating Model Report. 

The following chapters describe the PIES computer system further. Chapter II 

describes the data files; chapter III, 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. Bee~use this doeumen t is a reference guide, there is some overlap between 

the chapters so that, in most eases, they C!an be read independently of one another. 

7 MPs-lll is a math programming system designed for linear programming problems. 
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II. 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 proper 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, which 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 matri~ 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-ambiguous data access. The file formatting is 
( 

language-dependent, predominately created through MaGen or MPS-III programs.1 Table 

Il-l de_tails language processors generating the file. 

l MaG en and MP8-III 
programming problems. 

are rna the rna tical 

9 
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TABLE II-1. PIES FILE FORMATS 

File Name 

Raw Data Tables 
Standard Tables 
Workspace File 
Matrix File 
Compiled. Report File 
Revise File 
Demand File 
Problem File 
Solution File 
Report File 

Language Processor 

MaGen and Fortran 
MaG en 
MaGen (internal format) 
MaGen (MPS360 format) 
MaGen (internal format) 
MaGen (MPS360 format) 
Fortran 
MPS-III (internal format) 
MP5-III (communications format) 
IBM Print File 

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

B. PIES DATA FILES 

1. Raw Data Tables 

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

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-. 

line file, often in the format of the standard tables. Other raw data tables are created 
/ 

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 

data entry for raw data tables. 

TABLE II-2. RAW DATA TABLES DATA ENTRY 

Energy Material or Facility 

Coal 
Geothermal and Solar 
Imports 
Natural Gas 
Oil 
Refineries 
Shale 
Synthetics 
Transportation 
Nuclear Fuel 
Utilities 
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Data Entry 

National Coal Model and Manual 
Manual 
Manual 
Gas Supply Model and Manual 
Oil Supply Model 
Refinery Model 
Manual 
Manual 
Manual 
Manual 
Manual 



Manual data entry to on-line files and preprocessor programs is done similarly, 

using SUPERWYLBUR, an on-line interactive text editor. SUP_ERWYLBUR is used 

through interactive terminals to enter and modify data. 

Once the raw data tables have been created, they are input to the 

preprocessors. 2 Since they are independent programs~. they need only be run whe~ changes 

are required to the raw data. 

Due to the wide variation in formats _and naming co·nve~tions, raw data tables ' 

are described in detail in chapter m, 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 datat plus additional information from 
' I . 

some modeling performed in specific preprocessors (e.g., utilities, transportation). Except 

for, those standard tables that are initially entered in standard 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. 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 define the data entries in terms c;>f the energy material or 

facility being described~ The row names define the data's use in the model, i.e., objective 

function entry, material balance row entry, activity bound, etc. 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 ta~les and creates a 

workspace file, which is used for creating the matrix file, the· compiled report file, and 

the initial revise file. 

2 ' Raw data tables for imports, shale, and nuclear fuel are not "preprocessed," as they 
11re input in standard table format. · · 

3There are some exceptions to this standardized format, as noted in chapter III. 
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4. Matrix File 

Step 1 of the Integr_ating Model also creates a matrix file with th~ 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 a~ input. 

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 extracts 

required information from the workspace file, creates report header information and 

l partial 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 adding new data. Revise f!les are used in Step 2 of the Integrating Model in two 

ways. First, they provide a means for entering scenario-specific data to run Step 2. They 

permit changes to be made to the LP matrix without regenerating the matrix file. 4 

Second, a ser~es 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 integrated 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, 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 rege~erated, 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-lli file format. 

8. Solution File 

The solution file contains the solution to an LP matrix. The initial creation of 

the solu~ion file is to supply QUSER with information f~om 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 soluti9n produced by the MPS­

III LP routine. QUSER examines the solution file to determine if the present solution 

meets the specified convergence criteria for equilibrium 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 Dema,nd 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 prodU;Ce the PIES Integrating Model Report. 
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III. NAMING CONVENTIONS 

A. INTRODUCTION 

This chapter defines the naming conventions associated with the PIES data now. 

',( Where possible, unique and systematic names have been given to the numerous PIES tables 

apd their data elements for consistency and easy reference. The descriptions of the 

naming conventions are divided according to the three major data groups: raw data 

tables, standard tables, and the linear programming (LP) matrix, as described in 
I 

chapters I and ll. 

Naming conventions for PIES raw data are the least consistent, due to the way the 

data are develop~d. Raw data are generated manually (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 data 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 cqmply with a basic format for the table names, column 

names, and row names. The table name identifies the type of information contained in the 

table, the scenario, and the target year. The row names define the data for use by the LP 

matrix as either part of the objective function, material balance equation, process limit 

equation or constraint, accounting equation, or a bound on a specific 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 names.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 II and· the PIES Primer 
Volume II. 
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supply and demand constraints. The column names describe the activity variables and the 

constraint values. The specific naming conventions are described in section C below. 

The na:ming 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 ffP.De.rally consistent with those uocd by the LP - ' 

matrix. Each standard table 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 ~onventions. 

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 may 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: 

(qq) = energy code (Table III-n) 

(y) = energy type (1,2,3) ' 

In this example, "AX" and "B" are standard characters that are always part of the table 

name. itqq" 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 
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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 standard 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, crude 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. 

1. 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 i'dentification (Table III-1) 

(s) = scenario (Table III-2) 

(yr) = t~rget year (Table III-3) 

A standard. table named. "OL1~5" is a t!l"Ude oil 3tllndard tablP., with 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 from the policy scenario being run, and usually 

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

2The table identif~cation 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 distinct 

types: 

PRC: 

M(mt): 

.D(cp): 

Q(rs): 

RHS: 

BND: 

BFX: 

BLO: 

the cost coefficient which ent~rs the objective function named HOLLY 
in the matrix 

denotes entries for a material balance equation in the matrix; 3 (mt)
1 

is a 
material (Table ill-4) 

denotes entries for a process limit equation,4 (cp) is a c~pacity or 
facility type (Table lli-5) 

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) ' 

a constraint for a process limit equntion enters the right hand side 
columns in the matrix l 

an ·upper !Jow1d on a SpP.cific activity vector which becornes the 
UPBOUND ROW in the matrix 

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

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. 

Figure IIT-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 III-4. 
' 

3
The material balance equations force the total inputs of a material to equal the 

total outputs. 

4
Prooess limits bound the cn.pacity of facilities or restrict the amount of material 

available. 
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FIGURE m-1 
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3. Column Names 

Column names are composed of six characters and fall into two categories: 
I 

facilities and fuel supplies. Facilities tables (utilities, refineries, 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 energy. The naming convention for columns in 

facilities tables takes ~e form: 

(cp) (lo) (md) 

where: 

(cp) = capacity type for build vectors (not necessarily meaningful 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 ITI-1 contains a column named "POUAP2". This describes the 

operation of a new sub-bituminous utility plant ("PO"), 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 ITI~4) 

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

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

Figure III-2 illustrates a standard table for crude oil. The column, "LN0745," 

denotes crude oil production as follows. "LN" indicates that the data refer to Louisiana 

onshore crude oil, "07" 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 

discussed below. 
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There are two types of standard tables for imports: "10(s)(yr)" for oil imports 

and "1M(s)(yr)" for all other imports and exports. These tables follow the above naming 

conventions for fuels, except in the labeling of columns, as illustrated in Figure III-3. The 
' 

fifth and sixth characters. of the column name (ii), ordinarily the supply curve step, are 

used differently for 10(s)(yr) and IM(s)(yr) tables. For most of these tables, there is only 

one price considered and that price is labeled "IL" 

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 one. 5 For instance, IGF121, found on the 

left-hand side of Figure III-3, refers to liquefied natural gas in demand region 2. The 

·amount 'given in the BND row, 241.10, is the contract amount of gas for that demand 
~ 

region. PIES is not forced to send that quantity of gas to the indicatecl ciP.mAnrl r~gion; the 

contract quantity is used for natural gas regulation purposes. The H regions (e.g., IGHIII) 

are for report writer purposes for the IEE8-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, "11," "12,"· and "13" 

was to represent a fixed quantity of imports composed of a specific bundle of crudes 

(indicated by columns ending in "12"), with changes allowed to that quantity and the crudes 

in the bundle by using columns "11" and "13." Specifically, "11" was to "pay back" oil 

imports and ''13" to model an increased quantity of crude. This original structure remains 

but the crude bundles are precisely alike as indicated in Figure 111-3. 

The standard tables for transportation data do not follow tlie naming 

conventions common to the other energy materials and facilities. There are two sets of 

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

5 Actual usage of these gas region prices is set within the LP program and does not 
always coincide with the price-region reflected in the tables. 
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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 tables, 

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 above. 

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 III-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 row names in 

THRUPT. This row in THRUPT has the form (lo)(mt), where (mt) is the material 

transmitted as described in Table III-4. Figure III-6 illustrates THRUPT. 

The entries in the tables are the cost of transportation bet'.veen source and 

destination in standard units (i.e., dollars per thousand cubic feet, barrel, ton, etc.). 

Exceptions to this are TRISPLT, TRBSPLT, TRCSPLT, (Figure III-5) and TRGSPLT tables, 

•Nhich contain proportions (from zero to one) and the THRUPT (Figure III-6) table, which 

contains loss factors (also between zero and one). 
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FIGURE m-4 
TRANSPORTATION STANDARD TABLE (EXAMPLE) 

/ 

TA8'-E TliCLLP~C 

T1 T2 T3 T'4 rs T& r7 Ta T9 
C1 Q,JO b,~q S,114 1U,77 t,oq a,oa 3,4~ "·"7 b,08 
ca Cf,2(l ~,. ~3 s,oa 1 1 • 7 2 &,'H a,qq ·U 1 U 0 Cle3l s.7o 
C3 13.&7 11,2& 9,51 9,89 10.73 3. 1 0 7 t 7 b q,&3 7,08 
C'4 12.&~ 10,2(l a,"q 11,&o 5,99 7 t 10 3,02 &,2'5 3,7u 
cs 1S,'i0 l3,U9 11.7~ 1".27 9,18 8,t,15 b,27 7,3w 1.6,79 
Cb 19,3~ l ~ 1 f.J.7 15.22 1'£,55 13,71 8,~7 10,o1J 11.8 7 9,32 
C7 21.1" 16,73 17. 11 t9 1 &U 13.75 1a,22 11eb~ 11. q 1 q,3& 
C8 au,ss 22,1" 20.52 23,05 17.1:, 17.b3 15.05 15,32 12.7 7 
C9 21l,&1 22.20 20,!.l5 22,.,8 17,8" 17.5& 1U,9d lo,CS 13,'JO 
C4 27.71 25,30 23.55 2.3,<;3 21.28 17.20 18,37 lq,uiJ lbedq 

cs 33.~8 31,1l7 29.~5 32,30 2b.~q 2&,q& 2U.38 aa,6S 22.li) 
cc at,19 39,38 37.7tl "0,29 3a,ao 3U,I;7 32.29 32,Sb 30,()1 

TAC!LE TRCLLPRC•CCNTINUED 
TA ra TC TO TE TF TG T~ T I 

C1 f!:,33 9,80 a,sa 8,28 10, H: l1.4,U9 2 3. 7 (J 2 Q. 1l 2b~20 
C2 ~J,07 o.~o &,2b 8.22 11J "1 0 12.23 2 3 ,-o o. :!b,17 2u,80 
C3 5,39 "1,72 7,58 &,76 9,2" 13.55 22.ltS 2&.59 2!:al2 
c~ a.ot &,34 '4,20 s,aa a,3e \0.17 21.30 ia4.11 22.71.1 
cs 3,10 be20 1 • b Cj .~."q o,su 7.bb 20.2b C:l,bO 22.oo 
Cb 1,b3 to.~a 3,117 1e9S 1.12 3,4':l ta.d~ 19.~5 2!.4,7.5 
C7 @,47 s,c4 10.15 13,8c 15.00 9,~8 23.o1 2.2.74 \U,2C4 
ce 11.86 9,os 10,&4 1u,q9 12.31 a,e7 ta,ao 1~.&1 1~.2e 

C9 11.&1 12,50 10.15 14,50 12.0i '£,18 1·2·"o 13.0!:! 1~.55 
c . .\ 15.20 ts.aq 13·5" 11 • q 3 q,ij'5 7 & 57. 1C:e7.S 17 d9 23.34 
CB 21.21 \8,38 aa.ss 2n,60 24,4.2 lba5.S 14,o5 10,44 t,:ta 
cc 2qe12 2b,2~ 30,41, 34,51 32 .3j au,uq 22.7" 18,.35 q,t;"7 

TASLE T~CLL?~C~CONTINUED 

TJ U3 lJ4 us Uc U7 lJ8 T~ il.. 
C1 e,oo ,01 3,44 e.:.s:.s 
Ct2 t~,os ,01 4,00 ~.or 

C3 3,35 1,7(:; St3':l 
C4 2,47 ,01 3,02 2.01 
cs 5,08 • 0 1 o,27 3.1u 
Co 5,3& t,oo 10,80 7,6:5 
C7 10,45 a.oo 1a50 11.6" 6,47 
C! 13,Ae • 01 15,05 11, Bo 
C9 13.79 14,95 ll,ci1 
CA 15,34 1B,:.S7 15,2U 
ca 23,1'7 2~.3a 21.21 
cc 31.10 l2.2ff i q .12 
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FIGURE m-5 

TRANSPORTATION STANDARD TABLE TRCSPLT (EXAMPLE) 

T.18LE lfo(CSPLT 
0 1 D2 03 i.)U 05 oo 07 D~ 09 

T 1 1,00 
T2 1,00 
T.5 ,au 
TU I ,40 

. TS ,20 
T~ ,30 
T7 ,30 
T8 .as 
T9 ,us 
TA .1 0 
TB .10 
'!'C ,35 
TO .35 
Te ,45 
T!o= 1,00 
TG ,o5 
TH .~5 
TI 
TJ .ac 
: IC.. .10 

I ;s I ,o5 
8,00 ~.oo 13,00 8,00 8,00 o,oo 8,00 ~.oc 8,00 

TABL.E TRCSPLT •CONTI~•.JED 
OA U1 ua U3 U4 us uo U7 Li~ 

T4 1,00 
T2 1,00 
T:! .~o 
T4 ,LLO 
TS ,20 
T~ ,30 
T7 .30 ra ,25 
T9 ,45 

. TA .10 
TB • 10 
TC ,35 
TO .~5 
TE ,as 
.TF laOO 
TI 1,00 
TJ .20 
Tl<. • l \) 
TL ,b5 

[!!] a.oo 
r•BLE TkCSPL'T •CONT1114U.t.IJ 

uc; UA i-U 
T3 1,00 
TG ,bS 
TH .:ss 
TI 1,(10 
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FIGURE m-s 
TRANSPORTATION STANDARD TABLE THRUPT (EXAMPLE} 

"' 

Gt:sNG ,qo ,9'5 .. q,_, ,:;b ,q; .q~ ,c;b ,9& ,q'j 

GCNG ,88 ,9& ,r;! ,98 ,9? ,9a ,9" ,'1~ ,"'U 
GONG ,81 .~4 ,9:1 ,95 ,c;a ,9'5 .~s .q~ • :n 
GE~iG ,87 ,97 ,11.1:'1 ,c;c; .~7 ,9& .~.5 .~£.:. ,92 
GPJG ,95 ,9Q ,90 .~1 ,ql.l .92 ,9b ,93 ,914 
G2"1G • 89' 
C PJG ,88 ,9& • c; ., ,c;a ,(;n ,98 ,94 ,c;e ,94 
C2NG .a a .~, ,en ,98 ,q] ,c;a ,c;~ ,96 ,9" 
C3NG ,91 ,91 ,9c ,93 ,9a ,9a ,c;o ,9& ,gs 
CaNG ,c;a ,95 ,9c ,9e, ,en ,c;o ,96 ,9t! ,q:, 
C5NG ,92 ,93 ,93 ,Cf~ ,9& ,en •. 9d ,99 ,97 
CbNG ,91 ,91 ,92 ,93 ,9& ,94 ,9o ,9o ,gs 
C7NG ,95 ,91 ,91 ,91 ,92 ,95 ,c;s .c;~ ,c;e 
C8NG ,9'5 ,91 ,91 ,91 ,92 ,c;s ,c;':) ,9b ,q;, 
C9~G .~5 ,90 ,91j • q 1 .93 ,94 ,91!l ,95 ,c;e 
CANG ,95 ,90 ,c;a ,91 ,9.5 ,c;t.L ,Go ,c;s ,98 
CdNG ,99 ,87 ,FJ7 ,a a ,89 ,91 ,c;a ,Q2 ,94 
CCNG ,89 
GFOG • Qq . 
GGOG ,'ilol 
G!-iDG ,99 
GIDG ,qq 
GJOG ,99 
GI<DG ,99 
GI..DG ,qq 
GMOG ,!79 
GNOG ,qq 

T48LE THPiUPT •CON T I NUEIJ 
09 OA U1 U2 U3 ua us I.Jb U7 

G3NG ,99 ,9& ,87 ,87 ,sa ,89 ,en ,92 ,92 
G4NG ,98 ,CJ/.l ,8b ,87 .as ,90 ,9o ,en ,92 
GSNG ,c;s ,q4 ,90 ,90 .91 ,93 ,c;~a ,c;e, ,95 
(.;bNG ,'15 ,95 ,'H • 91 ,91 ,92 ,95 .9s ,9b 
G7NG .'13 ,90 ,ql ,'12 .92 ,95 ,q~ ,98 ,9& 
G8NG ,91 .e~ ,91 .9a ,93 ,96 ,c;Q ,98 ·"b 
G9NG .'10 ,as .~3 ,94 ,95 ,c;a .9b .98 ·"b 
G1HIG ,<;12 ,91 ,93 ,93 ,9'l ,9~ ,q7 .c;a ,9'7 
G8NG ,90 ,90 ,95 ,9e ,96 ,97 ,90 ,9a ,98 
GCNG .as .B7 .q;, ,97 • 'H~ ,97 ,Qb ,q4 ,'Jb 
GONG ,137 ,8& .94 ,9'5 ,9S ,c:;a ,95 ,qs ,9'4 
GE!"JG ,87 .&7 ,97 ,qa ,qq .97 ,q~ ,c;3 ,94 
G1NG .95 ,95 ,90 .~o ,en ,c;~ ,92 .9b ,93 
G2NG ,89 
ClNG ,88 .iH • 'H:• ,97 ,98 ,97 ,98 .94 ,c;o 
C2NG .ea .87 ,9b ,97 ,9d· ,97 .q~ ,914 ,Yo 
C3NG ,en ,69 ,91 ,92 ,93 ,qe, ,94 .qa .,9b 
C"NG ,QO ,, Ql) .Q5 .<~~ .Qb ~Q7' •CI~ .91, .c.o~ 

C5~1G ,92 • q 1 ,93 ,9] ,94 .'ib ,97 ,98 ,qc; 
CoNG • 91 ,89 .c;l ,92 ,q3 ,9& .q~ ,c;a ·"" C7NG ,95 ,9S • 91 .91 • q l ~92 ,qs ,95 ,qc, 
C8111t; ·"~ .95 ,91 .91 • q 1 ,92 ,c;s .95 .96 
C9NG ·"5 I q ll .• 90 .~a I CJ l .93 ,94 ,96 ,c;s 
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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 equations 

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 demand. The final row contains the activity bounds (limits) 

on the columns in the matrix. 

The columns represent the variables usecf 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 re9resented 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 variabie 

(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 III-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 al)d 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) = 

(mt) · = 
(ds) = 
(i) = 

second character of the demand region code (Table III-7) 

material type (Table III-4) 

demand sector (Table lli-9) 

step on the demand curve approximation 

PRCBND (lo) - Price bound vector for intrastate gas 

where: (lo) = intrastate naturo.l go.s region (Table III-7) 

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

where: (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) = 
(int) = 
(ds) = 

DSG {lo) (ds) 1 -

where: (lo) = 
(ds) = 

R (lo) (md) XX1 -

where: (lo) = 
(md) = 

demand region (Table III-7) 

material type (Table III-4) 

demand sector (Table III-9) 

Substitute fuel bundles vector (natural gas substitutes) 

demand region (Table lll-7) 

demand sector (Table III-9) 

Operate vector (electrical generation.and refining Activity) 

location/region of facility (Table III-7) 

mode of operating facility (Table III-5) 

B (lo) (md) XX1 - Build vectors (facility expansion) 

where: (lo) = 

(md) = 
location/region of facility (Table III-7) 

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

whe·re: (mt) = material type (Table III-4) 

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

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

· (t) (mt) (lo1) (lo2) 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 III-4) 

(lo1) = source (location/region) of material (Table III-7) 

(lo2) = , destination (location/region) of _r:naterial (Table III-7) 

S (mt) (lo1) (lo2) 1 - Split vector for transportation of material 

where: material type (Table III-4) 

source (location/region) of material (Table III-7); if not applicable: 
lo1 ="XX" 

destination (location/region) of material (Table III-7); if not 
applicable: lo2 = "XX" 

In addition to these columns, the last column on the right-hand side of the 

matrix is named "RHSl." 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 entr_ies 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) (cp) XX! - Process limit equation 

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

(cp) = operating capacity of the facility (Table III-5) 

M (lo) (mt) XX! - Material balance equation 
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where: (lo) = location/region (Table Ill-7) 

(mt) = material type (Table Ill-4) 

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

where: (lo) = demand region (Table III-7) 

(mt) = material type (Table III-4) 

(ds) = demand sector (Table III-9) 

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

where: (lo) = location/regjon (Table III-7) 

(md) = 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: (lo) = coal region (Table III-7) 

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

(mt) :: coal type (Table Ill-4) 

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 gas6 (Table Ill-4) 

Other row names not conforming to those above are int~rnal 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 qescribed here in a series of tables referenced throughout the chapter. 

6Natural gas substitutes refer to substitute bundles as described 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 III-2, are 

regularly updated to renect new scenario specifications and are sometimes meaningless 

for a particular run. 

TABLE III-1. STANDARD TABLE IDENTIFICATION1 

TABLE 
ID ENTIFIC A TIO N 

CODE (tf) 

Cl 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
CA 
CB 
cc 
GE 
GS 
IM 
IO 
OL 
Rl 
R2 
R3 
R4 
R5 
R6 
R7 
SY 
us 
UT 
uu 
uv 
uw 
ux 
UY 
uz 

·up 

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-Oil Imports 
Oil and Oil Products Imports 
Crude Oil 
Refinery - District PADlA 
Refinery - District PAD2A 
Refinery - District P AD3 
Refinery - District P AD4 
Refinery - District P AD5 
Refinery- District PADlB 
Refinery - District P AD2B 
Syu the tics 
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 

1These 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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TAIJLE Ill<!. SUPPLY SECTOil SCENAHIOS -------

Tnhle lclentiricnlion Sccnnrio Tnhle ldP.ntificntion S•~cnnrio 
Code (tf) _:~<.:_C_!IUij_<?_!!_!'.:!!_~ip~iOI~----- ~cdc<~! --~~J.tf_) -- ---~'::.'~!!~Y~~!.!P~l~-----·-- ~~~~!sl 

Gl Cr.nl JIP.ttion I IInse I 01. Oil [lusc I 
C2 Cent ltcgion 2 IJnsP. 2 01. Oil lligh Supply/Low Cnpllol 2 
C3 Cnnl !legion 3 Uns•~ 3 01. Oil Low Supply/lligh CnpiiHI 3 
C4 Cool Regioi1 " IInse 4 01. Oil Um:l! - 5% Import Price Increase " C5 Cnnl !legion 5 llnsc 5 OJ .• Oil NEA 6 
cr. Co11l !legion 6 llnsc 8 Ill lldinery ll!!gion I IInse I 
C7 C•ml ltegion 7 IInse 7 lt2 Jtefhtr!ry Ht•gion 2 IJnsc I 
C8 Cool ll<'gion 8 IInse 8 It:\ Jterlnery ncgion 3 IInse I 
C!J Coni lkgion 9 IInse 9 ll4 lleri~ry ltegion 4 IInse I 
CA Coni It eglon I 0 rtnse I 115 llerlnery Region 5 IInse I 
CIJ Coni llcgion II IInse I lUi llefin~ry llegion 8 Dose I 
cc Coni ltcgion 12 IInse t R7 llefin~ry llegion 7 Dnsc I 
Cl Con I llngl<m I lligh Supply/l.nw Cnpilnl 2 Itt Jtefln:!ry ltcgion l lligh Supply/l.ow Cnpllnl 2 
C2 Cunl llcgion 2 lligh Supply/Low Copit11l 2 ll2 Rerln:!ry Region 2 lligh Supply/Low Cnpllnl 2 
C3 Cool It eg ion :\ lligh Supply/Low Copi111l 2 113 llefin;!ry Region 3 lligh Supply/Low Cni•llol 2 
C1 Corrl Region 4 High Supply/l.oYI Cnpillll 2 114 Refin::!ry llq~ion 4 lligh Supply/l,ow Cnpll11l 2 
C5 Coni Region 5 lligh Supply/l.ow C11piltJI 2 115 llerln::!ry Region 5 lligh Supply/l .• ow Cnpltnl 2 
cr. Coni llegion 6 lligh Supply/Low CupltRI 2 ll6 ltefin::ry !legion 8 lllgh Supply/Low Cnpllnl 2 
C7 Cool Region 7 lligh Supply/Low Cnpltal 2 ll7 nerhl::!ty llegion 7 lllgh Supply/Low Cnpltnl 2 
C8 COfll Region 8 lligh Supply/Low Cn;>itnl 2 Ill llerln:!ry Region I Low Supply/lligh Cnpllol :\ 

(..) C!l Co!ll RP.gion !I lligh Supply/Low Cnltnl 2 lt2 llefir.-.ry Region 2 Low Supply/lligh Cnpltnl 3 
~ 

CA Co!ll R~gion 10 lligh Supply/Low Cnpitnl 2 ll3 llefln~ry llegion 3 l.ow Supply/lllgh f:npllnl 3 
CB Co!tl ltcgion II lligh Supply/Low •:;opltol 2 Jt4 ltefin~ry Region 4 Low Supply/lligh Copllnl :\ 
cc Co'll ltegion 12 lligh Supply/Ll)W Copilnl 2 ll!i Rerin·~ry llegion 5 Low Supply/lligh Cnpllnl 3 
Cl Co'll Region t Low Supply/lligh Copilnl 3 lt6 Herin·~ry Region 6 Low Supply/lligh Cnpltnl 3 
C2 Co~l ltegion 'Z Low Supply/lllgh Cnpilnl 3 ll7 Reflno:>ry ltegion 7 Low Supply/lligh Cnpltnl 3 
C3 Co1l Region 3 Low Supply/lligh Copilnl 3 Ill Refln~ry llegion I Onsc - 5% lmplltl lncrense 1 
C4 Co.~l llegion " Low Supply/lligh Copitnl ::\ lt2 ltefln"!ry Jtr.gion 2 lluse - 5% Import lncrense " C5 Co.1J Region 5 _Low Supply/lligh Copilnl :3 ll3 ltdhl"!ry Region 3 llnse - 5% Import lnerense 4 
C6 Co•ll ltr.gion 6 Low Supply/lligh Cnpitnl ~1 R4 lle(ht"!ry ltegion t IInse - 5% Import lncrense 4 
C7 Coal II eg ion 7 Low Supply/lligh Cnpllnl 3 R5 lte(htP.ry Region 5 IInse - 5% Import htcrr.nsP. " C8 Coal Region 8 Low Supply/lligh ·:;npltnl J lt6 llerlnP.ry ltegion 6 Dose - 5% Import lncrense " C9 Coni llegion 9 Low Supply/lllgh ·~:opilnl 3 ll7 Rerlnf!ry Region 1 Uose - 5% Import lneren~e " Ci\ Coni ltegion 10 Low Supply/lligh Cn~;tilnl 3 Sll Sho le Linse · I 
en Coni ltcgion t I Low Supply/lligh Cnpltnl 3 Sll Shale lllgh Supply/Low Cnpltol 2 
cc Coni Region 12 Low Supply/lligh Cnpitol 3 Sll Shnle l.ow Supply/lligh Copltnl :\ 
nE Gr.o-Solnr lln~P. 1 SY Syn thf! tics Hose I 
GE Ur.o-Solnr lligh Supply/Low Cnpllal 2 SY Synthf!tlcs lligh Supply/Low Cnpilnl " .. 
m·: Oco-Solor Low Supply/lligh Capital 3 SY Synthetics Low Supply/lllgh Cnpllnl :J 
(:S l.lns Oase I lJF Urnniu1n fuel l 
ns Gns lligh SIIJlJ)Iy/Lnw ·cnpilnl 2 us Utility IInse I 
OS Ons Low Supply/lligh Cupltnl J UT lllilily Unsc I 
<lS flns llma~- 5'¥. Import Price lncreuse ~ uu U til it~' IInse I 
us nns NE/\ ,, uv U til it~- llnsP. I 
IM Imports I uw Ulilit~· llnsc t 
10 Import~ I IJX U lilit~ Onsr. I 
10 llnr·orts l tJY tJiilit:t IInse I 
10 lmpur Is ] IJ7. IJliliiJo IInse I 
10 lluporls ' 



TABLE III-3. TARGET YEAR 

TARGET YEAR 
Code (yr) DESCRIPTION 

85 1985 
90 1990 

TABLE III-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 
CP 
CR 
cs 
CT 
cu 
CV 
CW 
ex 
CY 
cz 
DG 
DS 
EC 
EG 
EL 
ET 
E1 
E2 
E3 
ES 
GA 
GL 
H2 
H3 
II4 
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 
Q.oal 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 
Electricity, Base 
Electricity, Intermediate 
.Electricity, Peak 
Electricity, Cycle 2 
Gasoline, All Grades 
Gas Liquids 
Heavy Crude, PADD2 
Heavy Crude, PADD3 
Heavy Crude, PADD4 
Heavy Crude, P ADDS 
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Table ID-4. ENERGY MATERIALS (TABLE ALLMTLS) (Continued) 

IG 
IH 
UL 
IN 
IR 
I1 
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 
Wl 
W2 

Natural Gas, Industrial 
Iran Heavy 
Iran Light 
Indonesia 
Iraq 
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 
MilitR.I'Y RP.sP.rvP. 
Mexico 
Naptha 
Natura,! 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 Forei2'n 
Natural Gas, Aggregate F01•eign 
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 
Pacific 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) CAPACITY (C) 
tR CAPACITY (cp) CODE OPERATE (0) DESCRIPTION 

OA 0 Shift RS to GA (dual pricing constraint) 
OB 0 Shift RS to NA (dual pricing constraint) 
oc 0 Shift RS to JF (dual pricing constraint) 
OD 0 Shift RS to DS (dual pricing constraint) 
OE 0 Shift RS to OT (dual pricing constraint) 
OF 0 Shift RS to SG (dual pricing constraint) 
OG 0 Shift RS to LR (dual pricing constraint) 
OH 0 Shift OTto GA (dual pricing constraint) 
or 0 Shift OTto NA (dual pricing constraint) 
OJ 0 Shift OTto JF (dmil pricing constraint) 
OK 0 Shift OTto DS (dual pricing constraint) 
OL 0 Shift OTto RS (dual pricing constraint) 
OM 0 Shift OTto SG (dual pricing constraint) 
ON 0 Shift OTto LR (dual pricing constraint) 
00 0 Shift SG to 00 (dual pricing constraint) 
OP 0 Shift SG to NA (dual pricing constraint) 
OQ 0 Shift SG to JF (dual pricing constraint) 
OR 0 Shift SG to DS (dual pricing constraint) 
OS 0 Shift SG to RS (dual pricing constraint) 
OT 0 Shift SG to OT (dual pricing constraint) 
ou 0 Shift SG to LR (dual pricing constraint) 
10 C Oil-Fed Steam Build 
11 0 Oil-Fed Steam Operate New Base 
12 0 Oil-Fed Steam Operate New Intermediate 
13 0 Oil-Fed Steam Operate New Peak 
14 C Oil-Fed Steam Build 
15 0 Oil-Fed Steam Operate New Cycle 2 
16 0 Oil-Fed Steam Operate Existing Cycle 2 
17 0 Oil-Fed Steam Operat~ existing Base 
18 0 Oil-Fed Steam Operate Existing Intermediate 
19 0 Oil-Fed Steam Operate Existing Peak 
20 C Coal With Scrubber Build 
21 0 Coal With Scrubber Operate New Base 
22 0 Coal With Scrubber Operate New Intermediate 
23 0 Coal With Scrubber Operate New Peak 
24 C Coal With Scrubber Existing 
25 0 Coal With Scrubber Operate New Cycle 2 
26 0 Coal With Scrubber Operate Existing Cycle 2 
27 0 Coal With Scrubber Operate Existing Base 
28 0 Coal With Scrubber Operate Existing Intermediate 
29 0 Coal With Scrubber Operate Existing Peak 
30 C Coal.Without Scrubber Build 
31 0 Coal Without Scrubber Operate New Base 
32 0 Coal Without Scrubber Operate New Intermediate 
33 0 Coal Without Srubber Operate New Peak 
34 C Coal Without Scrubber Existing 
35 0 Coal Without Scrubber Operate New Cycle 2 
36 0 Coal Without Scrubber Operate Existing Cycle 
37 0 Coal Without Scrubber Operate Existing Base 
38 0 Coal Without Scrubber Oper~te Existing Intermediate 
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OPERATING MODE (md) 
OR CAPACITY (cp) CODE 

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 

77 

78 

79 

80 
81 
82 
83 
84 
85 
86 

TABLE III-5 (continued, page 2) 

CAPACITY (C) 
OPERATE (0) 

0 
c 
c 
c 
0 
0 
0 

0 
c 
0 
0 
0 
0 
c 
0 
0 

0 
c 
0 
0 
0 
0 

0 
c 
0 
0 

0 
c 
0 

0 

0 

0 

0 

c 
0 
0 
0 
c 
0 
0 

38-

DESCRIPTION 

Coal Without Scrubber Operate Existing Peak 
Coal Without Scrubber 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 ~rbine 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 ~uild · 
Combined With Distillate Operate New 

Cycle 2 
Combined With Djstillate 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 



OPERATING MODE (md) 
OR CAPACITY (cp) CODE 

87 
88 

89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
Al 
A2 
A3 
A4 
AS 
AS 
A7 
AS 
A9 
AA 
AB 
AC 
AG 
AH 
AL 
AN 
AO 
AS 
BC 
BF. 
BN 
BO 
BT 
BU 
cc 
CD 
CE 
CN 
CR 
DO 
Dl 
D2 

D3 

TABLE III-5 (continued, page 3) 

CAPACITY (C) 
OPERATE (0) DESCRIPTION 

0 Gas-Fed Steam Operate Existing Base 
0 Gas-Fed Steam Operate Existing 

Intermediate 
0 Gas-Fed Steam Operate Existing Peak 
C Hydro Build 
0 Hydro Operate New Base 
0 Hydro Operate New Intermediate 
0 Hydro Operate New Peak 
C Hydro Build 
0 Hydro Operate New Cycle 2 
0 Hydro Operate New Cycle 2 
0 Hydro Operate Existing Base 
0 Hydro Operate Existing In'termediate, 
0 Hydro Operate Existing Peak 
C Build Uranium Conversion 
C Uranium Conversion Existing 
0 Uranium Conversion Existing Operate 
0 Uranium Conversion Existing Operate 
0 Uranium Conversion Existing Operate' 
0 Uranium Conversion Existing Operate 
0 Uranium Conversion existing Operate 
0 Uranium Conversion Existing Operate 
0 Uranium Conversion Existing Operate 
0 Uranium Conversion Existing Operate 
0 Uranium Conversion Existing Operate 
0 Uranium Conversion Existing Operate 
0 Operate Algerian 
0 Operate Arabian Heavy 
0 Operate Arabian Light 
0 Operate Alaskan North Slope 
0 Operate Angola/Congo/Zaire 
0 Operate South Alaskan 
C Accumulate Prod Consumption 
C Force CR as Percent of CD 
C Constrain Use of NC 
0 Operate Bolivian/Peruvian 
0 Btu Balance 
0 Shift BU to LG 
0 Capital, Operating, and Maintenance Costs 
C Build Distillation . 
0 Operate Chinese Export 
0 Operate Canadian Mix 
C Build Reforming Unit 
C Distillate-Fed Gas Steam Build 
0 Distillate-Fed Gas Steam Operate New Base 
0 -Distillate-Fed Gas Steam Operate New 

Intermediate 
0 Distillate-Fed Gas Steam Operate New Peak 
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fDPERATING MODE (rnd) 
OR CAPACITY (cp) CODE 

D4 
D7 

DB 

D9 

DG 
El 
E2 
E4 
E5 
E6 
E7 
ES 
.E9 
EA 
EB 
EC 
EE 
EG 
ET. 
EX 
Fl 
F2 
F3 
F4 
F5 
F6 
F7 
FS 
F9 
FA 
FB 
FC 
FD 
FE 
FF 
FG 
FH 
FI 
FJ 
FK 
FL 
FM 
FN 
FO 
FP 

TABLE III-5 (continued, page 4) 

CAPACITY (C) 
OPERATE (0) DESCRIPTION 

C Distillate-Fed Gas Stearn Existing 
0 Distillate-Fed Gas Stearn Operate Existing 

Base 
0 Distillate-Fed Gas Stearn Operate Existing 

Intermediate · 
0 Distillate-Fed Gas Stearn Operate Existing 

Peak 
0 Distillate to Gas 
0 Transmission Old 
0 Transmission New 
0 Convert CM to CB Coal 
b Convert CM to CL Coal 
0 Convert CT to CL Coal 
0 Convert CX to CT Coal 
0 Convert CY to CT Coal 
0 Convert CZ to CL Coal 
0 Convert CU to CT Coal 
0 · Convert CU to CD Coal 

· 0 Operate Ecuadorian 
0 Convert CY to CD Coal 
0 Operate Egyptian/Syrian 
0 Operate East Texas Mix 
0 Utility Retirements 
0 Shift JF to OT 
0 Shift JF to LR 
0 Shift DS toGA 
0 Shift DS to NA 
0 Shift DS to JF 
0 Shift DS to RS 
o Shift ns toOT 
0 Shift DS to SG 
0 Shift DS to LR 
0' Shift LR toGA 
0 Shift LR to NA 
0 Shift LR to JF 
0 · Shift LR to DS 
0 Shift LR to RS 
0 Shift LR to O'I' 
0 Shift LR to SG 
0 Shift GA to NA 
0 Shift GA to JF 
0 Shift GA to DS 
0 Shift GA toRS 
0 Shift GA toOT 
0 Shift GA to SG 
0 Shift GA to LR 
0 Shift NA. toGA 
0 Shift NAto JF 
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TABLE III~5 (continued, page 5) 

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

FQ 0 Shift NA to DS 
FR 0 Shift N A to RS 
FS 0 Shift N A to OT 
FT 0 Shift N A to SG 
FU 0 Shift N A to LR 
FV 0 Shift JF to G A 
FW 0 Shift JF to DS 
FX 0 Shift JF to RS 
FY 0 Shift JF to N A 
FZ 0 Shift JF to SG 
GO c Operate Logical Build 
GI 0 Operate Geothermal 
G2 c Build Geothermal 
GD 0 Operate Wind 
GE .c Build Wind 
GF '0 Operate Thermal 
GG c Build Thermal 
GJ 0 Operate Photoelectric 
GK c Build Photoelectric 
GL 0 Shift GL toGA 
GN 0 Gas to Oil Interchange New 
GO 0 Gas to Oil Interchange 
GS 0 Gas Turbine to Distillate 
H2 0 Operate PAD II Heavy Crude 
H3 0 Operate PAD III Heavy Crude 
H4 0 Operate PAD IV Heavy Crude 
H5 0 Operate PAD V Heavy Crude 
HL c Hydro Limit 
HR c Build De-Sulfurization Unit 
11 0 Operate PAD I Indigenous 
I2 ,0 Operate PAD II Indigenous 
IH 0 Operate Iranian Heavy 
IL 0 Operate Iranian Light 
IN 0 Operate Indonesian 
IR 0 ' Operate Iraqi · 
KO c Pump Storage Build 
K2 0 Pump Storage Operate 

New Intermediate 
K3 0 Pump Storage Operate 

New York 
K4 c Pump Storage Existing 
K5 0 Pump Storage Operate 

New Cycle 2 
K6 0 Pump StorR.ge 0I;)erate 

Existing Cycle 2 
KS 0 Pump Storage Operate 

Existing Intermediate 
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OPERATING MODE (md) 
OR CAPACITY (cp) CODE 

K9 

KU 
Ll 
L2 
L3 
L4 
L5 
L6 
17 
L8 
LN 
LO 
LP 
LY 
ME 
MX 
Nl 
N2 
N3 
N5 
N6 
N7 
NC 
ND 
NI 
NO 
NP 
NU 
NY 
oc 
OG 
OK 
ON 
PO 
Pl 
P2 
P3 
P4 
P5 
P6 
P7 
P8 

P9 
PC 

TABLE III-5 (continued, page 6) 

CAPACITY (C) 
OPERATE (0) DESCRIPTION 

0 Pump Storage Operate 
Existing Peak 

0 Operate Kuwaiti Export 
C Build Syncrude 
0 Operate' Syncrude 
C Build Syngas 
0 Operate Syngas 
C Build Fuel Gas 
0 Operate Fuel Gas 
C Build Other to Syngas 
0 Operate Other to Syngas 
0 Operate Louisiana Onshore 
0 Operate Louisiana Offshore 
0 Shift LR to LG 
0 Operate Libyan 
0 Operate Mid-Eastern Mix 
0 Operate Mexican 
0 Operate New Nuclear 
C Build Existing Nuclear 
0 Operate Existing Nuclear 
0 Operate New Nuclear-Cycling 
0 Operate FY Nuclear-~ycling 
C Build New Nuclear 
0 Production Consumption-New Distillate 
0 Interstate to Intrastate Gas 

· 0 Operate Nigerian&: Gabon 
0 Operate Norwegian 
0 Operate Naval Reserve #1 Crude 
C Build New Nuclear 
C Build New Nuclear 
0 Oil to Coal conversion 
0 Oil to Gas Interchange 
0 Operate Oklahoma Mix 
0 Oil to Gas Interchange New 
C Sub-Bituminous Build 
0 Sub-Bituminous Operate New Base 
0 Sub-Bituminous Operate New Intermediate 
0 Sub-Bituminous Operate New Peak 
C Sub-Bituminous Existing, 
0 Sub-Bituminous Operate New Cycle 2 
0 Sub-Bituminous Operate E~isting Cycle 
0 Sub-Bituminous Operate Existing Base 
0 Sub-Bituminous Operate Existing 

Intermediate 
0 Sub-Bituminous Operate Existing Peak 
0 Production Consumption-Oils 
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OPERATING MODE (md) 
OR CAPACITY (cp) CODE 

PG 
py 
PZ 
QQ 

RC 
RE 
so 
Sl 
S2 
S3 
S4 
ss 
S6 
SA 
sc 
so 
SY 
TO 
Tl 
T2 
T3 
T4 
TS 
T6 
T7 
T8 
T9 
TD 
TG 
TR 
TY 
TZ 
Ul 
U4 
us 
us 
us 
U9 
UA 
uc 
UK 
Vl 
V2 
V3 
V4 
vs 

TABLE III-5 (continued, page 7) 

CAPACITY (C) 
OPERATE (0) DESCRIPTION 

0 Production Consumption-Gas 
C Sub-Bituminous Build 
C Sub-Bituminous Build 
0 Old Capital (Generation, Transmission, 

and Distribution) 
C Build Catalytic Cracker 
0 Operate Russian Export 
C Operate Logical Build 
C Build Shale 
C Build Shale 
C Build ShBle 
0 Operate Shale 
0 Operate Shale 
0 Operate Shale 
0 Operate South Asian 
0 Gas to Coal Conversion 
0 Operate Shale Oil 
0 . Operate Synthetic Crude 
C Lignite Build 
0 · Lignite Operate New -Base 
0 Lignite Oper~te New Intermediate 
0 Lignite Operate New Peak 
C Lignite Existing 
0 Lignite Operate New Cycle 2 
0 Lignite Operate Existing Cycle 2 
0 Lignite Operate Existing Base 
0 Lignite Operate Existing Intermediate 
0 Lignite Operate New Peak · 
C Transmit Electricity New 
0 Operate Texas Gulf Coast 
0 Operate Trinidad 
C Lignite Build 
C Lignite Build 
0 Convert Electricity 
0 Convert CH to CB Coal 
0 Convert CW to CB Coal 
0 Convert CZ to CB Coal 
0 Convert CS to CB Coal 
0 Convert CI to CB Coal 
0 Convert CR to CB Coal 

Utility Capital 
0 Operate United Kingdom 
0 Convert CZ to CP Coal 
0 Convert CI to CP Coal 
0 Convert CM to CP Coal 
0 Convert CH to CA Coal 
0 Convert CW to CA Coal 
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OPERATING MODE (md) 
OR CAPACITY (cp) CODE 

VS 
V8 
V9 
VA 
VM 
Wl 
W2 
WM 
wo 
WT 
XD 
XG 
XJ 
XN 
.xo 
XR 
zc 
ZD 
ZG 
ZL 
ZN 
ZP 
ZR 
ZT 

TABLE III-5 (continued, page 8) 

CAPACITY (C) 
OPERATE (0) DESCRIPTION 

0 Convert CZ to CA Coal 
0 Convert CB to CA Coal 
0 Convert CI to CA Coal 
0 Convert CR to CA Coal 
0 · Operate Venezuelan Mix 
0 Operate West Coast Light 
0 Operate West Coast Heavy 
0 Operate Wyoming Mix 
0 Operate Pacific Offshore 
0 Operate West Texas Mix 
0 Convert XD to Distillate 
0 Convert XG to Gasoline 
0 Convert XJ to Jet Fuel 
0 Convert XN to Naphtha 
0 Convert XO to Other 
0 Convert XR to Residential 
0 Standard Coal Used 
0 Distillate Used 
0 Natural Gas Used 
0 Low-Sulfur Coal Used 
0 Utility Fuel Used. 
0 Sub-Bituminous Fuel Used 
0 Residual Fuel Used 
0 Lignite Fuel Used 
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TABLE Ill-6. RESOURCE ACCUMULATION CODES 

RESOURCE 
ACCUMULATION· 

CODE Q(rs) 

QYT 

QCF 

QS(t) 

QD(t) 

QUC 

DESCRIPTION 

Cumulative capital investment 
in millions of dollars per 
standard units (e.g., thousand 
'barrelS per calendar day) 

Cumulative drilling in millions 
of feet per standard unit 

Percent of surface mines (coal) . 
where (t) = coal type, representing· 
the second character of 
coal types (mt) in Table II1-f 

Percent of deep mines (coal) 
where (t) = coal type, representing 
the second character of 
coal types (mt) in Table ll-4 

Annual capital investment for 
utility facilities 
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TABLE III-7. LOCATION/GEOGRAPHIC REGION (-TABLE ALLLOCS) 

DESCRIPTION 

Uranium Conversion 
Foreign Crude Locations 

Other Foreign' Sites 
Canada 
Caribbean 
Landed East Coast 
Landed Gulf Coast 
Landed West Coast 
Mexico 

. Other Foreign Sites/lEES Link 
Canana/IEES Link 
Caribbean/lEES Link 
Landed East Coast/lEES Link 
Landed West Coast/lEES Link 
Landed West Coast/lEES Link 
Mexico/lEES Link 

Coal Regions 
Northern Appalachian 
Central Appalachian 
Southern Appalachian 
Midwest 
Central West 
Gulf 
Northeastern Great Plains 
Northwestern Great Plains 

> Rockies 
Southwest 
Northwest 
Alaska 

Refining Districts (Source: Modified Petroleum 
Administration for Defense Districts (PADDs) 
Company Definitions) 

PADlA 
PAD2A 
PAD3 ( 
PAD4 
PADS 
PADlB 
PAD2B 

Utility Regions (Includes NuclP.~tr~ and Geothermal) 
(DOE Regions) · 

New, England 
New York/New Jersey l 

Mid-Atlantic 
South Atlantic 
Midwest· 
Southwest 
Central 

46 

/ 

LOCATION/REGION (lo) 
CODE 

NF 

FO 
FC 
FV 
Fl 
F3 
FS 
FM 
HO 
HC 
HV 
Hl 
H3 
HS 
HM 

Cl 
C2 
C3. -
C4 
CS 
C6 
C7 
C8 
C9 
CA 
CB 
cc 

Rl 
R2 
R3 
R4 
RS 
R6 
R7 

Ul 
U2 
03 
U4 
us 
U6 
U7 



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

North Central 
West 
Northwest 

DESCRIPTION 

Demand Regions (DOE regions) 
New England . 
New York/New Jersey 
Mid-Atlantic 
South Atlantic 
Midwest 
Southwest 
Central 
North Central 
West 
Northwest 

Crude Oil and Natural Gas (NPC Regions and DOE regions) 
1S South Alaska t 

2 Pacific Coast 
2A Pacific Ocean 
3 West Rocky Mountains 
5 West Texas and East New Mexico 
S West Gulf Basin 
SA Gulf of Mexico 
7 Midcon tin en t 
8-9-10 Michigan Basin, Eastern Interior, and Appalachians 
11 Atlantic Coast 
llA Atlantic Ocean 
1N North Slope 
1N North Slope 
1S South Alaska 
2 Pacific Coast 
2A Pacific Ocean 
3 West Rocky Mountains 
4 East Rocky Mountains 
5 West Texas and East New Mexico 
s West Gulf Basin 
SA Gulf of Mexico 
7 Midcontinent 
8-9 Michigan Basin, Eas.tem Interior· 
10 Appalachians 
11 Atlantic Coast 
11A Atlantic Ocean 
New England 
New York/New Jersey 
Mid-Atlantic· 
South Atlantic 
Midwest 
Southwest 
Central 
North Central 
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LOCATION/REGION (lo) 
CODE 

us 
U9 
UA 

D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
DA 

01 
02 ' 
03 
04 
06 
07 
08 
09 
OA 
OB 
oc 
OD 
G1 
G2 
G3 
G4 
G5 
GS 
G7 
G8 
G9 
GA 
GB 
GC 
GD 
GE 
GF 
GG 
GH 
GI 
GJ 
GK 
GL 
GM 



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

' 

DESCRIPTION 

w_est 
Northwest 

Shale Regions 
Shale Region 1 

Transshipment Cities 
Boston; Rail 
New York; Rail 
Baltimore-Philadelphia; Rail 
Miami; Rail 
Pittsburgh; Rail 
Atlanta; Rail 
Cincinnati, SQuth; Rail 
Detroit; Rail 
Chicago; Rail 
St. Louis, East; Rail 
St. Paul-Minneapolis; Rail 
Kansas City; Rail 
Houston; Rail 
Dallas;, Rail 
Denver; Rail 
Los Angeles; Rail 
San Francisco; Rail 
Seattle; Rail 
New Orleans; Rail 
Cincinnati, North 
St. Louis, West 
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LOCATION/REGION (lo) 
CODE 

GN 
GO 

Sl 

Tl 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 
TA 
TB 
TC 
TD 
TE 
TF 
TG 
TH 
TI 
TJ 
TK 
TL 

I 



TABLE III-8. SUPPLY CURVE STEPS 

MATERIAL · 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 Oil 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 (-596, -396, 
-196, 196, 296, 396, 596, respec-
tively) 

Naturill first digit = 1,2 Gas field vintage (1 = new, 
G~ 2 = old) 

second digit = 1-9 Price trajectory for the natural 
gas price ramp table (-1.596, 
-196", 096, 196, 296, 396, 496, 596, 
796, respectively) 
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TABLE III-9. DEMAND SECTORS 

DEMAND SECTOR 
CODE (ds) 

CM 
FS 
HC 
IN 
RM 
RS 
TR 

DESCRIPTION 

Commercial 
Feedstock 
Residential and Commercial 
Industrial 
Raw Material 
Residential 
Transportation 

' 

TABLE ill-10. ENERGY MATERIAL/TRANSPORTATION MOnE COMBINATIONS 

COMBINATIONS 

Oil Products-Barge or Tanker 
Residual-Barge or Tanker 
Crude Oil-Barge or Tanker 
Natural Gas-Pipeline 
Oil Products-Pipeline 
Crude Oil-Pipeline 
Coal-Train or Barge 
Electricity Transmission 
Nuclear Fuel Transport 
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MATERIAL/MODE 
CODE (mm). 

PB 
RB 
OB 
NP 
PP 
OP 
CL 
EL 
UP 



/ 

E. RAW DATA FORMATS 

Due to the variety of the sources of· PIES raw data, there are few naming 

conventions that universally apply to all the raw data. However, within each energy 

material or facility type, there are often standard formats used for raw data table names, 

' codes, etc. This section explains the formats, for each energy material and facility type. 

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

referenced in the raw data table descriptions. 

1. Coal Raw Data ,Tables 

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

in Table III-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 III-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 contained 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" (no pipeline), "A" 
\ . 

(Arctic pipeline), ,; J::il (El Paso-Alaskan-pipeline), or "N" (Alcan pipeline). 

5.. Oil 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 ill-15. Each set of tables represents the target years 1985 and 1990. 
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7. Shale Oil Raw Data Tables 

Shale oil data are ,entered in standard table format;. therefore, there are no 

raw data. to be preprocessed. 

8. Synthetics Raw Data Tables 

Synthetics data are entered directly into tables in the preprocessor described 

in Table ill-16. 

9. Transportation Raw Data Tables 

Transportation data, in general, follow the first format described in 

Table m-17 •. Exceptions are noted later in the same table. Tables PIP ERA TE, TNKRA TE, 

and BARGE are from the transportation preprocessor. All other tables are fUe int>uts. 

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 raw 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: 

(c) = capital expenditure (where: 0 = new plant, Y = committed plant, 
Z = defP.rr8ble 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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C(u) 

TAIII.E NAME 

I!Oill ,l;upply r•~g·;nu 
(Tnl>h! Ill 7) 

TAIILE NAME 

<JE(s) (yr)ll 

(sl -= "''I!IHlrio (Tnble 111-2) 
(yr) lllrj(PI yl'ur 

tT!thiL' Ill·]) 

TAilLE 111-Ll. COAL HAW DATI\ TAALES 

llt:SCIIII'TION 

Coul pro•hu~li•'u, pri1:rs, 
nu•l c•tpilni invPslmcnl 

t~OI.UMN IIE/\IIINI::·; 110\V IIEI\IliiH:f> 

I' n Oil, PIll!" ,:lll it F, II! A I', IIi. ',\1' I :(x) (li) 

l'llOII " mn~ltlllllll lt:VI!I o( 
pnuhu: I inu 

l'II.IC ·~ mini•num •u:•~cplnhiP. 
prit~c 

SUI! I'= &•roporlii>lllif pr•~<luc·· 
lion from surf111:1! lltinPs 

lt~AI' .,. pr(!sr:ul vnh•" of 
inilinl cr:pilnl 
hi\'I!Slllll'lll fl!· 

fJIIirc<liH•I ''JI't~ll 
: !1'/G lltHI lnq(cl yeur 
lo opt!ll III!W llliiiP.S 

IICAP: l'rnPiiOII nf oiPio!Hml 
l'npilnl spent. oa 
new mi11rs 

C(x) "' P.onl lyp1: 
(Tnhlc 111-tl) 

(ii) c· t:onl !lltjlply ·~urve slql 
ITuhle 111-8) 

TABLE 111-12. GEOTHEH.MAL ANH SOLAit HAW DATA TAIJLES 

l'urti11l :>lnudnnl lnhle luput 

I :upm:ily fn•:l••rs f•)l P.:11:h 
phm I IYI'I' 

COLlll\lN IIEI\lliNWl 

II Nil, 1'111 :, qY'I'; us IIP.fiu,,£1 
for st!'ll•hll'tl lnltle rows 
(:<P.P. flt!t:li<Ht II) 

1\lFI 

llOW IIEAfllNUS 

(md) (lo) 

(nul) .~ 111111IP. .. r fnt·ilily 
(Tnl•l•! Ill ·f•) 

llo) =- uti 1i I'/ I'"P: ion 
ITnhiP Ill··'/) 

(111•1) 

lntd) ~ 11101k of l(l:olh<!rmnl/ 
solnr fudlily 
l'i'n'•lc lll··f•) 

Ti\III.E Eln IllES 

C.:uhunn l'llOih pr·•tl"~lion h, 
•nilli•lll'l of l<nt:< Jl•'f /Cur 

(;ohunn I'IIIC: pri.-·P. pPr l••n 
Cuh•:nn Sllllt-': r>tl io 
Column II: 1\1': lnv.-·~; tn•·nl lu 

dnllur'i per lllllllull t• •n 
Column UCAI'; in' ~!:lnl(:lll lu 

•lollnrs Jl''r nnnunl l~'!l 

TAIIJ.I-. ENliiiES 

Shllt<htr<l lnhl·~ P.nlrit•:: for ·~nhtullt 
hcndiiiJ\!' us dd in<!• I f ,.,. I It~! 
slntHinrcl luloll' ruw:• 
(!>ec S~<'liun II) 



Thl.li.E NAME 

c :~(lo) (s}P!II 

(In) ~ ""·~·•li•m/l{n~ suppl,v 
rr•v,;on ('l'nhle 111-1) 

(~) ·a~r~nnrh•/r,ns supply 
enn\'~11 lion 
(Tnhlc 111-?.) 

Wi(lo) (s)CO 

(II)) ::: lorulion/r,•a!:l Sl!l'(•l V 
rc,~u>n (Tuhlc Ill-'~! 

(s) .,. sccnnrio/gns s!lppl~ 
1!011\ll'll(iQII 
(Tnblc 111--2) 

f:S(Io) (s)l.l' 

(lo) '" lm~alion/r:ns suppiJ 

n·r:ion ( l'nhlc 111-71 

h) .., sct:nn rio/r,ns suppl:,o 
I~OIIVCIItiUil (Tnhlc Ill-?.) 

I :s(lo) (s)t :r, 

TABLE lll-13. NATURAL GAS RAW DATA TABLES 

UESC llii'TION 

Mnximum qunntilir:s or 
nntnrul gus nvnllnhh: ul 
the spcdrle•l price 

Cmuulnlivt! qurmfltir.s o~. 
co111IP.n:-:nlr~ produr:crl ns " 
r:u-produl!l r.r nulurul r,us 

Cmnulnl.ivr.· qunnlitics .. r 
hulnne produc·~d ns n co­
prorlud or nnlurnl gus 

(cumulnlivc over prh~c 
slr.ps hut nutovt:r tim!!) 

Cunmlntivr. qnnntilies ."r 
!{liS I iqui<ls prorhccc•l ns n 
1~1•-prorlllel or lllllllrlll ~A!': 

(t.:unmlutive ovr.r prier. 
str.1•s hut uol over tirnel 

COI.lii\1N IIEi\IJINilS 

I !17 thro11r,h I !1!11 

1977 lhwugh 1!1!11 

I f-•77 thronr,h Ill !II 

I !:77 lhrnu~h I !I !II 

lt.OW IIEi\lliNilS 

l(ii) 

(ii) = s~•~t•ly I!Urve 
s't<1l (Tnhle 111-R) 

1(11) 

(ii) " s•iii•I'IY -~urvc 
step (Tnblc 111-8) 

'!Iii) 

Ill) = SIJjJI>Iy ~urvc 
step (T11ble 111-8) 

l(ii) 

(iil = snoply ··•wvc 
Rlcp.(T'lhle 111-8) 

Ti\IIJ.E ENTitiES 

Nnlunall~"~ supply :n hlllinns 
or r.nhic rr.d per yrnr 

Conrlcusnlc prur.lut:~~·l •n thou .. 
!lllll'ls or hnrrr.ls per r:lll"t~~lur 
tiny 

llutnne produee•l in lhousnurls 
nf hnrrr.ls per cnlcculor rl11y 

(ln,; llttui,Js produr!e•l in lhou­
snnrls rJ( hnrrP.l,; per ct•lenrlnr 
dny 



(Jl 
(Jl 

TABLE NAME 

(lo) = locution /gns supply 
region (Tnblc 111-7) 

(s) scennrio/gos supply 
convention (Table lll-2) 

GS(lo) (s)C I' 

(to) = locnllon/gns supply 
region (Tobie lll-7) 

(s) = scennrlo/gos supply 
convention (Table 111-2) 

OS(Io) (s)C F 

INTlNT 

" I 

{jSI\1'01' 

TABLE lll-13. NATURAL GAS HAW DATA TAllLES 
(Con tinucd) 

-------·--------------·<---
UESClllPTlON COLUMN llEAlHNGS 

------------< 

Cumulntive CBpital Investment I !J77 through 1 !J!J I 
required for n.c production 
level in the eorespondlng 
"I'll" toblcs 

(Cumultltivc over both time 
ond price steps) 

Cumulative d-illing require­
ments for the produ<!llon 
level In the colrrcsponding 
"Pit" tnbles 

<---------------------
Used to :;1111l production 
of old onshore gos hct ween 
lnterslnte ancllntrustnle 
markets 

Used to sha1·e Intrastate gus 
from lnterstnle to 
lntmslute recions 

JNTtm 
INTRA 

UO-ON 
Jntrnstotc 
gns regions 
(UOF. regions) 

llOW llEADINllS 

l(ii) 

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

OJ-01) 

03-UU 
inter9lnle 
gns rcgions 
( N l'C regions) 

TAIII.E ENTlllt~S 
----···-----

-----------
Cumulative investment in 
millions of dollars 

Cumulative drilling In 
millions or feet 

frncllon or old gos 
produced In Interstate 
region sold in interslnlc 
(intrnstole) mnrkcl 

frncllon or gns producflll 
In on interslole region 
which lies in overlnpplng 
lntrostote region 



TAIII.J-: Nf\1\·IE 

TABLE 111-13. NATURAl .. GAS ltAW D.!\TA TABLES 
--·-rcontinecl) 

IIES(:Ilii'TION COI.IJI\1N IIE/\IliNl.:S I ItO w II El\lll N<lS TAIII.E ENTIIIES 
. - ··--·-··--. ----· --- ·- -··· . ------------·· ----------- ·-·-·- ·--- ---------------- ---------·- -- ---·- ······---- -----·····-- -------------- ·- ----------·· ---- -·--·- ---------·-·-- ----------------- -- --· 

Will' It 

Oltllll 

1\ w ,, n ns 

Nurth Sl•>(ll! ~RS rrndur:tior• 
nnoler vnrinnl': piJII~Iilll! 
rrnt•n::u Is 

WO!II-111~••1 pri<!c uf North 
SlnpP gn!; ll!~hrg re~si•hrnl 
pric.iiiJ~ 

Split nf ll!:S•H~Inl"olflll!l 
fnun oil ro·~ln11 OJ\ In gns 
n!glou C:ll nrul • a· 

Split nf Jn·whu:li!ln from 
grrs ff!l{ir.llls to rlr.rnn111l 
r•!ginus 

(p) pi111'1iu!! Jll"llJ•nsnl 
4:;!!1! lr!X I) 

(yr) 

(:1r) = lnrgo~l y:-!nr 
(Tr.hlc 111-2) 

( 1d = ln -gel y~nr 
(Trololr. 111-2) . 

Millinn~ nf c•uhic fcl'l pr.r 
cnlcuclnr elny 

l'rko! per rnilli•ms ol 1.1111 
nl 111:11. Jltu/d 

---------------------- ·- --------- ---~-·---····---··· ···--·-··-·-. --···-·-·-- -- ... -·-···--
(lu) 

( hl) gns r~g ion 
(TnbiP. 111--7) 

(lu) 

(lo) rlen111nd I"<'!Jiem 
(Tnlolc 111-·7) 

( ,o) =-· oil region 
(Toole 111:-7) 

( 'n) 

(In) gn~ rc~ti<:>n 
(Tohle 111-7) 

( >) "' piprlinr. J:tropnsnl 
(scoe lex~) 

ltntln rmm oil fl'glon In t:ns 
r«'r,lnn 

llnllu rrorn go~ r~J:In;• to 
dcmnnol re!r,lnn 

-·-- -- .. -· ..... -·- ··-·-·-·---·-- ------·-- ......... ·- --------·-- -·-------·-- ·-·-· ··-·----·-···-·- ···--· -·· -·-··-·- --- -·------· -·- -···--·-·-·- -------·-··--··· ----·-·--··· ·----·--- .. ·--···i· --

1\ t.I'T 

A I. I'll 

Thr'llll{l,nrt rnl'tor!l 
rur Alu~'kun p;ros 

l.ink prices for 
A In •:lwn gw; 

(In) 

(lo) " elcmnml re~ion 
(Tuhle Ill· 7) 

(In) 

Cln) ·c •lr.mnnd rq: inn 
fl'nhlr• Ill ·'I) 

(In) (p) 

(lo) = gn~ region 
(Tnhh~ 111-7) 

bl = piJK!Iinc propnsnl 
(so'f! lex I) 

(Ia) (p) (yr) 

(lu) = gn" '""It'"" 
fT•Iolc 111-7) 

f1•l piprlinf! prnpn~n I 
(SI!r. (o!X t) 

(vr) =- tm1~"' Y'l'"~" 
('I nhlc Ill· Z) 

Throughput fnelor~ 

llo.llnrs Jll'f thoiiSIIIIII O!Uhi•! r~f!l 



TABLE Ill-H. OIL HAW DATA TABLES 

TAIILE NI\ME IJ ES(; IIII'TIO N COLUMN IIEAiliNOS IIOW IIEAIIItHlS TAIII.E EN'IIIIES 
----- -·-··-----------·------ -------- ···--------· ·-- __ ... -------------------- -------· ----·------ -----.--------- -···-----· ---------------- ------------------- ···-------····--- --:-· -----

Ol.(lo) (s)CF 

(ho) ·-= lm!nlion/oil supply 
rer~lon (Tnhle 111--'1) 

(s) -= so:eunrio/uil supply 
I!OIIVCIIIion (TnhiP. IJI-2) 

Ot.(Jo) (s)l'll 

(Jo) .: l<u:nl ion/oil ~npply 
rt!i~ion (Tnhlc 111-7) 

(s) SCI!IIIIrio/oiJ SUpjlJy 
COIIV(!IIIion 
(Tuhlo! 111-2) 

OL(Io) b)C5 

(lo) -= locntiou/oil supply 
n:gii111 (Tnhle 111-7) 

(:l) = SI!P.IIIIrin/oil SUj'ply 
I'IIIIVCIIIion (Tnhle 111-2) 

Ol.(lo) Csii.P 

(In) = lol!lll iou/nil supply 
rqtion (Tnhle 111·-7) 

(!;) " SI!CIIIIriO/oil SUPply 
t:ouvtiulion (Tnhlc Ill·-?.) 

I :umulnl ivf! drilling rc­
'luircmculs {over I i 10c 
nnol prio!f! slo!ps) 

Mnxim1110 cunu•lnilvc 
qunulily or oil nvnilnlole 
(ove•· price sleps) 

I :umnlnlive fllllllllilie~ or 
1:ns li<111ids prntlUCI'II liS co­
protlncls olo!nule oil (uvo!r 
prio!P. slepsl 

l.'umulnlive fllllllllilies or 
llulnnc pro:lu•~eolns 11 I!O­
pnulud ur ·~nulc oil (ouo~r 
pri•~e sll~ps) 

I !17 7 I hrour:h I !1!11 

1!177 lhroul{h I !1!11 

I !177 lhronr:h I !1!11 

I !177 llu·out:h 19!11 

l(ii) 

(ill 

l(ii) 

supply curve 
step (Tulllt~ 111-8) 

(ii) = supply curve 
step (Tuhle 111-8) 

J(ii) 

(ii) = supply <mrve 
sl•~(l (Tnble 111-8) 

l(ii) 

(ij) "" supply t~III'YC 
sleJI (Tnl•le 111--8) 

CumulnlivP. olrilli111~ iu 111illion~ 
or fco!l 

Cumulnlive •l•umlii:V in thou­
snnds or hnrrt•ls pel <~OI(,IIthlr 

tiny 

Cumulnl ive qunnlily In llulu­
smarls of hnrrds pe•· <.·nlewlnr 
doy 

Cumulnl h•r. fJllnnlil :v in lh1Ju·· 
simols or hnffl!ls per cnh~n•lnr 
dny 



(J1 
00 

Ti\III,E Ni\1\tE 

OJ.(Io)·(~)l :I' 

(lo) = locnl inn/oil supply 
rcv.iun (Tnhle 111-7) 

(:;) "' !;cf!nnrio/nil supjlly 
l'flllVCIIIinn (Tohh~ Ill-!) 

fll .(lo) (s) 1\ D 

(1.,) = lcwnllnn/oil !~:Upply 
n~v,lon (Tnhlc 111-7) 

I!;) sr:cnnrlu/nil supply 
('tlfiVI'IlliOII ('J'ohle Ill-~) 

TABLE 111-14. OIL UA\V DATA 'll'ABLES 
(Continued) 

lli'.SCilii'TION COL,UMtl IIEI\111NOS 

Cumulnlivc cnpilnllnvcnln·.cnt 1!177 lhrouch 1!1!11 
requirements (over lime on·J 
prit~·~ slcps) 

Cumulullvr. !llllllllitics or 
nssn•1iulcr.ln111l 1lissolvr.d 
unlurnl r,ns pruduet••l ns 
cn-pnuluets n[ crude oil 

_(over pl'iC'c slr.ps) 

1!177 lhrou~h I !19 I 

lt0'/1 IIEAOINOS 

l(i i) 

(ii) = supply curve 
slr.p (Tnl>le 111-8) 

l(j I) 

(lj) " supr-ty curve 
step {Tnhli! 111-8) 

' 
l:umulntivr. invcstmr.nl In 
millions ur llnllors 

Cumulntlve •1unnltilJ k hllll•.ms 
or cuhlc h~(·l Jl(~r ycnr 

-•R --~- ••-••••• -· • ----- -----·--·- --- •••• ''- ----- -----·- ____ i _________________ --·-·--·------------·-----·-----------·-·-··----·-·-•••• --···--• 

OLI'IIC 

nsi'HC 

1\IH'ItC 

Oil price rump lnblc 

Ncm-•J!I:;ndntc•l nnlurnl v.ns 
prier. r1111111 lnhl<' 

1\~:-.•willlcd nnluru: r,ns 
prio:r. 1'1111'1' t->hl<' 

197'1 lhrough I !J!ll 

1977 I hruugh I !J!ll 

I !177 through I !J!JI 

I (I) 

(II = 1•rlt!e rnmp slcp (1--9) 

l(i) 

(I) = prier. rnmp step (1-!J) 

1(11) 

(I) = price mmp sic&' (1-9) 

1!175 llollnrs per bnrrcl 

1!175 •lullnrs per lhnmm:ul 
cuhir. rr.ct 

1!175 tlollnrs per lhuusnml 
cubic reel 

-·------ ------- ---·--- -- ·--· ·--------~- ·---·-·-·--···-·-- ···------·-·· ··---·------·---- ·---·-·-·-- ----"--·---------------------·--··------··- ---·---·· 

' 



Gl.l'llC 

i:OI. (s) (yr) 

(.<;) = spccinl region sccnnrio 

lyr) = tnrgt!l ycnr 
(85 = 1!18~1, 
!Ill = I !1!10) 

r11.sl' I.T 

TABLE lll-14. OIL ltAW DATA TAULES 
(Continued) 

. Clns lictuifls pricc! rump 
tnhle 

Cnulc oil Sllll•ly frum nou­
lnulilionnl sc:·urccs 

lint in of crwlc oil types 
hy rc!gion 

1!1'17 lhruuKh I !1!11 

(MI) (lo) (ii) 

(MI) = mntcrinl lypH 
(Tnhle IIH) 

(lo) h•c!nl ion/rt!(~ion 
(Tnhlc 111-·7) 

(il) -- supply step used to 
diHcrcnlinlc locl.wecu 
purchnsf! Vt!clors (lhu 
slf'JIS •In not follow 
normnl c!cmvenl ions) 

(lo) 

(lo) oil rf'l{ion 
(Tnhlc 111--7) 

l(i) 

(I) ~ price romp step (-1-!1) 

Nnrmnl conventions for 
slnndnrd lnhlc rows (s.~e 
scdion II) 

(MI) 

( 1\11) cnulc oil type~ 
(Tuhlc 111-4) 

I !115 clollnrs pl'r hm..-•~1 

Normul convention for 
cnlriP.:I in !llnmlnrcl tnhlc 
rows·(:;;,!c l'Cdion 1H 

llulio nf c:nule ni't ty1 es 

-. ---------------------·---·--------·-·-----··-----------·-·----·-- -·- --------------------------------------- ----------·-· -··---·-·-····· 
' SI'J.IT l'roporlion u1 interslnlc 

nntl inlrn!ltul.c nnlurnl gus 
(lo) 

(In) = oil rcgion 

M(mt) 

(mt) = nnlurul g11s lypHs 
(Tnhle IIH) 

TABLE 111-15. flEFIN EIUES- IlAW DATA TABLES 

rrupor!ion of lntcn;t•.lc Hllll 
lnlrnsln te nnlurnl g••·· 

-~-- -·- ---- ------- ·--·--· ·----- -··--·- ------------·-·-·------------- --------·---- ----·----·-··--·-·--·· -----------------·--------------- ----- .. ·------ --·-·--· . ······ -- --·--·. 

flo) 

flo) 

TI\III.E I~AME 

rcfi1wry l'f!t(icm 
(Tuhl<! 111-7) 

D ESC ltii'TIO N 

1\llth•tn iu sliuulnrrlluhl:'! 
l'ormnl 

COJ.IIMN IIFI\IiiNC:S 

Slnuclurcl lnh!l: C.!nlumu c~on­
vcul iou:; (sc:c! S<'t! I inn II) 

ltO\V IIEAIIINUS 

Slcuulnrtl tnhlc row c!ou­
vr.nt ic-us (sr.c s"ction II) 

T!\III.E EIHIIJ;~S 

Slnuclnnl l•ihle t!OIIVt'Hiiou'i 
wa!tl feu· entries (sec 
Sl'dillll II) 



en 
0 

T.o\111.1.-: NAME 

BTU< :ot\ I, 

-------··-~---

UMITS 

SY NGt\S 

-·--------------
llAW(s) (yr) 

(s) = SC'.!IIOI'io ('fuhle 111-2) 

· (yr) = target yeor· 
(Tobie 111-:n 

---·-----·---- ·---

TABLE lll-16. SYNTIIETICS ltAW DATA TABLES 

I) ESC llii'TIO N COJ.UMN IIEAiliNflS llOW IIEALHNOS 
--------------·-------··------ ------------

C:onver·slon toble for physlcol 
conllltu to stnrulard coni lltu 

SCAI.E (lilt) 

(ml) -= coul type 
(Table 111-4) 

TAilLE ENTitiES 

Cunversion foetor 

---- -------·------ --------------------·-----------------
SynOtctics plant cupocltles 

Con\·crslon foetor f1·orn 
nupl•ho to synthetic 

llow <luto in reverse slnndnrd 
tnhl<' formut. Consists of 
qnnn Lilies, prices, unci con­
vcr·si:>ri factors for 
syntl:etlcs from cool 

IJNU,DFX,IliiS (md) All cnpnl!illes In rnillious 
or cuhlc reel per duy 

ONO upper bound cnpncity (md) :: pluut mode 

IJFX = fixed cnpocily 

lUIS = existing cnpocity 

M(ml), PllC 

M(ml) = malcriul 
(Table 111-4) 

Starulord tnhle row hcttding 
convr.ntions used 
(see section ll) 

(Tallie 111-5) 

llow 

Slondr.-d luble column 
hcudin( 
(sec~ se~lion II) 

In c!ohrrnns M(mt): conversion 
factor 

In column l'llC:: prh!u or con­
version per unit 

Stonrlord table row entries 
(sec section [1) 

-----------------------------·-----



.. 

TAIILE Nt\ME 

(lrl (nun) (II) (<II) 

(lr) " trnnspl)rtnliun type 
(Tit = II'UIL<>porllllion 
suh-uelwork, I'T " 
impnrll'!•l f••cl trous­
porlnlion) 

(mm) mnlcl'inl/mode 
(TnlJie 111-111) 

(tt) lnhl•~ type (1.1' = price 
lnhle, J.M = milengc) 

(til) 1111111 type (£or Ll' 
I nlllcs: Tf = lorifrs 
llfintl, II C = r.eneric 
prkes; for J.M lohles: 
I'(: = shippin!( vin 
l'nnnmn ~uuul, TA = nol 
viti l'nnn1r.n Cnunl, 
1111 " IIP.W lllllllrRI g11s 

pi1wlines, t:X :: exlstinlt 
gus pipeliues 

TS (tr) (II) 

(I r) = lnlllfipur l-1t ion I ype 
(HII r11il, 
WW o hrxge 

(II) " lnhl!! lyp~ (MI 
milt:ujtc, I' II = pricl!s) 

TABLE 111-17. THANSPOltTATION RAW DATA TABLES 

IJE'if:JIII'TION 

Tt"IIIIS(IOrlnlion r11w dnln lnhlc!S (Jo) 
eoulnlniug b•ricefi nnd milenge 
lwl ween moc,cs or I he trnns·· (Jo) 
portnlion nelworl< 

Trnusshipmcnl lnhlcs (lo) 

(Jo) 

C:OJ.UMN IIEI\IIINU~ 

In en I iou/rc~tlnn 
(TuiJie 111-··7) (I' Fl\ I, 
......... 2, etc. = Ill, 
1>2, etc.) 

(Jo) 

(lo) 

110\V IIEI\IIINW1 

locn I iun/r•:glon 
(Tuhle IJJ-7) (l'l~A I, 
I'EI\2, etc. = IH, 
U2, chd 

---·-·------ ---

l•:culion/r•:t~ion 
(TaiJir: IJI-7) 

(lo) 

(lu) loentinn/rcgiuu 
(Tnble 111-7) 

TI\III.E ENTI~IES 

l'ur (II) " 1.1': prif'•::< nrc in 
•k•llors pm· slnllflnnlttnil 
(e.g., burrel, lholiSIIII<I C!llhk [r:cl) 

For (II) = 1.1\1: •llsln1u:•!s ore In 
slnlule mih:s or uuulienl miles 
(shippinr, only) 

for (II) = Ml: tnih:n~e hcl wt:mt 
lucn I ious 
l'or (tt) ,. I'll: prlt·es In •lollnrs 
per slnllllnrd units (··-1:- hnrrels, 
lhousnncls cuhic f•:c:) 



Thlll.E NAME 

T5CCSI'TU 

TUNI'I'IX 

TIIISI'I.'I' 

-
TIIIISI'I.T 

I>IIICU 

TAl'S 

TABLE 111-17.·. THANSPOrtTATION HAW DATA TABLES 

U ESC IIII'TIO N 

Fixo:!d proportion~ rnr (!0111 

su,>pllcd by roil trnw;shirmcnl 
nodes 

1\drlilionnl gnlherlul( dmrgc!l 
ror orrshon! gns 

lnlrn:•luiP-, hSS<Jclntcd 
nnlurn I gns; rn tins by 
region 

Co-produds prothu:ctl with 
inll·n~lnlc r,ns; r111in hy 
rl'!f:intl 

llii'!'P.I link prh!t!!l ro1· r.nnl 
rellhms lo utility n~r,ion!'l; 
mincmoulh nml lil(llilc 

Trnns-1\lnskn pil>dill!' 
chnrgP.s 

· (Continued) 

cor .. lfi\1N IIEI\I!INUS 

llo) 

(In) -= clcmnntl rct~icms 
(TniJIP. 111-7) 

I' IX 

(lo) 

(to) glls region -
(Tnhlc 111-7) 

(lu) 

(lo) "' oil rcgioH 
(Tnhlr 111·7) 

(lo) 

(1,,, = utility rcr.io11s 
(Tnhlc 111-7) 

(yr) I'HC 

(yrl "' lnrgt!l ycnr 
fl'nhl•! 111-:11 

IIOW IIJ::AUINOS 

(lu) 

(lu) = rnil trnnsshlpmcnl 
nodes (Tnhlc 111-7) 

(lo) 

(In) = gns rq~lon 
(Tnhlc m--7) 

(lo) 

(lu) = oil rcgl'on 
(Tnhle 111-7) 

(In) 

(lo) = gns rcr,l.-,.. _ 
ITnbl!' 01-7) 

(lu) 

(lo) = coal rcJ;ions 
(Tnble 111-7) 

011 ""cl or 
on Step I l!lrlrr r.npndty 

01' fllt:>p 2 t.ulrr cnpndty 

T/\111.1\ ENTitiES 

l'ropnrlion or coni :;hippr.ll 

Cnsl pcr lholl!'l111HI t~nhl·~ r cf'l 

l'erct!lllngc ur gn~ nlloc!nl cd 
to region 

I'CI'C!P.III ror.e or r.o-.,ro\1111' Is 
by region 

l,lnk prices p!'r I 1111 



-TAIII.E NAME 

A I.ASI<OII. 

TllOI'I.t IAT 

I'll' Ell ATE 

... 

TNI<IIATI~ 

IIAIUIE 

TABLE lll-17. THANSPOHTATION HAW DATA TAilLES 

llESC Ill I'TION 

Oil shipped from Alnsku 
for truu~~hillllltml in P.itl•c•· 
tlortherr Tier or El l'oso 
l•ipdino~s 

t iulhcriJ~ ehnrgcs for 
cnulo: oil 

Pipeline rut.-s for crude 
nil 

I lnln on oil nnd pctrnlcnm 
t•roducl lnnkt:rs 

Ntuuho:r ol lwrrds Jl<'l' lou , 
o:ot~vo:r~ion fnl!lurs 

------\Continued · 

COLUMN IIEAIJINIIS 

(to) OP unol (lo) 011 

(lo) ro:fiuo:ry rf!r,iom 
(Tnhlc 111-7) 

01' El l'nso-Sohio Pipeline 
Oil Northern Tier l'ip<:linc 

Cos I 

1111, EX, nnol I'E 

IJU new pipo!lincs 
EX = cxistin~ pipl"!line~ 
I' E o•lolit lonul liuks I o 

Insure f cnsihle 
solutions 

llWT, I.WT, SEA, I'OIIT, 
TIJitN, I'CC, I<NOTS, i>CALE 

llWT = tuolkl"!l' Clllllleily in 
olcnolwcir,ht loms 

I.WT = lnuko:r enpndly in 
long tons 

SEA = <:osl nt sen 
I'OitT cost in port 
TUHU ~ turnnr<iuuoltimc 

In port 
I'CC =- pnylnuol curgo 

(!fllllldly 
I( NOTS spP.C'<I 
SCALE = conversion fuo:lor 

In .viclol ol•>llnrs IWI" 
IIIIITP.I 

SCALE 

(In) 

(lu) 

(lo) 

HOlY IIEAilltiiiS 

oil regions 
(TniJic 111-7) 

(lo) nil regions 
(Tnhll~ Ill-'/) 

( 111111) 

(mm) 1110 lerlnl/moolc 
<Tnhlc 111-lll) 

(mm) (lr) (uuu) 

TAIII.E ENTitiES 

llollnrs pl"!r burrel 

t :os I per hnJTI'I 

llollnn; per bnnel r·<!r IIIII 
miles 

Column ll WT: dcndwd1~hl ton:< 

(mm) '"' mulel'iol/nuulc, Culumu I.WT: loug tons 
(Tnhle 111·1 II) 

(tr) "' trnnsporlulion routP. Column SI~A: olnllnrs pP.r hour 

(mm) 

(nun) 

( I'C = shiped vin 
l'unnnJn Cnnol, Column I'OHT: dol~nr!l per hour 
TA = nnt vin l'nnnntn 
Cnnnl) Column Tllll N: hr><ors 

Junlt!rinl/mo<lo! 
(Tnbl<:! 111-111) 

Column I'CC: lous 

Columu I< NOTS: :;pe1:ol in knols 

Column Sl: A 1.1:: P.Pn'JP.I"'iiou 
fno:l11r 

Numlu-:r of hnrrcls per Inn 



/ -

TAIJI.E NAME 

A VEil AGE 

III.UFAC 

11LUFACNV 

OLOLIMiyr) 

(yr) = tuget yenr 
('l.oble 111-3) 

IJLJ>NUC(yr) 

(yr) = turgct ycor 
(Tobie 111-3) 

·IJUMI' 

TABLE lH·-18. UTILITIES RAW DATA TADLES 

J>I\SCIUPTION 

Average system load hctor 

C~pllal yet to be spent. 
on o project 

Capital yet to be spent 
on o nuclear plant 

Copoclty lhnitntlons 
(build limits) for plant 
types 

Nuclear plant build limits 

Regional heat rote diU:Crences 
for scrubtJing new bltunlnous 
and sutJ-tJituminous piiiDIS 

COLUMN III!AIHN<lS 

(s) (yr) 

(s) = secnnrio 
yr) = turget yeur 

(Table 111-:J) 

(c) 

(c) = cupllal expenditure 
(see text) 

----
(c) 

(c) = eupitol expenditure 
(see text) 

(md) 

(md) utility plant types 
(TatJie 111-5) 

(mdl 

(mdl = plant type 
(Tuhle 111-5) 

(lo) 

(lo) = utility region 
(Tohle 111-7) 

llOW IIEAOINOS TAIILE ENTitiES 

(lo) = utlllly regions 0 overage lood foetor 2_ 1.0 
(Tnhle 111-7) 

("US'' = tolol for all regions) 

Row and now 2 
(sec text) 

Row, -Row 2·, DEF (not 
used) (sec text) 

(lo)aoolm 

(lo) = utility region 
lTobl:! 111-7) 

nn = bound 

t(lo) oml UM 

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

UM = bound (sec text) 

(md) 

(md) plonl lype and 
motl! (Table 111-5) 

Percent of capitol not spent 

Percent of capitol not !.pent 

Plant capacities In mcgowntts 

lluild limitations In meguwotts 

lleot rates In ntu per million 



'1'1\lli.E Nl\1\tE 

r-1\J'COST 

Cl\1'1-lliC(yr) 

(yr) = tnq:·c:t yenr 
(Tnhh~ 111-3) 

COI\I.CONU 

TADl.E 111-18. UTILITIES RAW DATA TABLES 
-(Continued) 

ltESCIIII'TION 

lle~ionnl c:upilal c:osts for 
plnnls 

Cnpilnl cusls for llltt!lcnr 
plnnt!l 

(lu) 

(lo) 

(In) 

COJ.llMN IIEI\UINCJS 

utility rc:ginn 
(Tuhlc 111-7) 

(lo) utility region· 
(Tnhlc 111-7) 

ltOW JIEI\UINfiS 

(m)(yr) 

(m) = firsl r.hnrnelcr or 
. plnnt lypc (md) 
(Tul.Jlc 111-3) 

NO I, NY l, NZl, OJ.l 

NOI 
NVI 

NZI 

OJ. I 

new nuc:lenr plants 
c:ommlt lcclnuclenr 
plnnts 
dcferrnhle nuclenr 
plants , 
dc~fcrrecl plonls 

Tl\lll.F. F.NTltiES 

Cust:; in cklllnrs per k w 

I 

Co~1ts in clollnrs pet J. w 

------·------------- -----------· ---· ·-·--------
Cnpilnl cosl for convct·ting 
to co••l slcnm plnnl 

COl. It OW Cos Is in dollnrs per k w 

-------·----·---·-·-------·----------·---------------·---------------·--------------·------·---------··-----···-·-
C:O~TNEW 

IICF 

Opc:rnting nnd mnintennnl!e 
c:osts for new equipmcnl 

(lo) 

(lo) = utility rc"ion 
· (Tohlc 111-7) 

lkr,il)lllll Cixr.cl chnrge fnclo>rs (m) 
fur powf:r plnnl investment 
IISP.cl in CCIIII Jut I ing Ctapilnl (m) first dtornc:let· uf 

.pl•111t type (nul) 
(TniJic: IIHi) 

c:hnrgcs 

ll•:((iulonlc:apilnl ehnrp;c 
fndors rm· determining 
I"P.VI!IIIIC reCjllii'CIIH~IIIS n( 

IIPW plnnl u•l•litions 

(In) 

(lo) '· utility r~Ki<>n 
(Tnlolc! 111-7) 

( m) 

(m) 

(yr) 

first r.hnrocler of 
plnnl lyp"e (mel) 
(Tuble 111-5) 

(yr) = tnrgr.t yenr 
(Tnble 111-l) 

Cosl'lln .0111 dnllllrs per kwh 

Hxecl dmrgr. fnctn• s 

Cnpilnl dtnrge fnctors 



-· 

T/\I.ILE NAME 

EXIST 

TAOJ.,E 111-18. UTILITIES HAW DATA TABLES 
(Continued) 

IJ ESC HII'TIIJ N 

Existiut: n:glnunl plnnt 
eupnc it ics 

COLUMN IIE/\IIINW) 

(nul) 

(md) = plrml lVI'" 
('lnhlc Ill ·!i) 

11.0\Y IIEAIIINOS 

(lo) 

Ito) ~ loco I iorJreg ion 
(Tnhle 111-7) 

T/\III.E ENTIIIE[; 

Cnpnr.il ics ill IIICf(I!Wnll:; 

---------·----··---·-----------·--··------·------------L-------------··---·-----------------------------·------------- --·-- ·--- ···-···· 

FlfEI.C(INV 

IIE/\Titi\T 

IlEA TV 

1\ II 1Jinn l c~nnvcrsinn 
tnhlc!t 

llq~ionnl hc:11t rntr.s for 
r.xi~li111~ plunts 

ltl.!~ionnJ hen! CClll(clll of 
fossil fuel~ 

1111, (lo), 'fC, A I. 

Ill I 
(In) 

TC 

"I. 

(In) 

houncl (s.:c: I c xI) 
ulilily rt.'gion~ 
(Tolllc IIH) 
t!Oil I COIIVl'rSioll 
cost hulicu tor 
lnclienlor for nil 
tnrgl!l yenrs 

(lo) ~ nlilily rel(ion 
(Tnhle 111-7) 

SC 1\ I.E, flU M I' 

SCALI~ 

IHIMI' 

vnluc!-l 

tuhlc revision 
imlicnlor 

(m•t1 I = ccmvnsion mocle 
(Tnhlc 111-5) 

(mel~) 

(u•d:ll 

(yr) 

" orlttlnnl plnnl 
ly(•C ITnii!P. 111-5) 

,., rr.snltnnt t•lnnt 
type ('l'nhlc 111-5) 

lu.rgel Jienr (Tnhlc 111-J) 
or nil tnrgel yenrs if 
"AI.'' 

lnul) = plnnl type 
(Tnhle 111-5) 

lmtl 

(mt) = fuel lypr:s 
(Tnble IIH) 

------·-·-··---··--·--···-----··---·----·-··- -----···------·--·---·-·--·--·-·--------·-------------

IIYIJC/\I'FC tler,ionnl eupnclly fnctnrs 
r or 'hycl•·o plnnls' 

(lo) 

(lo) "' nlilily rc~ion 
(Tuhle 111-7) 

(yr) 

(yr) ,., ln•wH yenr 
(TNhiP. 111-J) 

In ·~olumn IJI 1: I = rix~'<l 
limit, hlunk -= 111.•1wr hocuul 

In column (lo) ·= (!o••vcrsif)n 
ill IIH'J!IIWIIliS 

In column TC: I inclit"nlrd 11 

coni •·nnvcrsion c!ost Is ineurrcd 

In coh111111 1\ 1.: I lmlicul cs I Ire 
vnhws npply to nil lnr~tcl ycnrs 

llcnt rnlcs in millions per 111-J 
slnndnrcl units (l'llrrr.l, thom:nmts 
cuhic ff'r.l, ton) 

In c~olnmn SCALE: •!lllori{ic 
vnlur>.s In millions pc·r I II ' 
per struulnrc1 unit (hnrrd, 
lhnusnncl (!Uiole feel, ton) 
In column IIUMI': I ln•licuh:s lhnt 
the vnlvc Is revised l•y Tnhlc llliMI'. 

Cnpnclty fne!lor 

··----- ------ --·---- .. ·---- ··-----------·------·-···--- -------··---------·---- ------ ·--·-· ___ .:.._ ·------ -~---- --·----- ------ -· -·---- --··-

NEWilTE(yr) 

(yr) " tnrgct yenr 
(Tnhle lll<l) 

lkn t rnlr.s for ucw 
Clllli(llnl'lll 

(d) 

(cl) second c:h11r1wl(~r In 
1•lnnt lypr: (rn•ll, 
•.:IN! lrh! f:l!lu:ru Uon 
mnd•: (Tnbln 111-!i) 

C.nl 

(m) rir.;t ch,.-uclcr 
in plnnl. !;ypn ( mcl) 
('l'uhle 111-5) 

llnnl rnt•:s in millious pr.r 
stnnclrn·•l uniis (hnrrel, th•msumls 
ruhh! feel, ton) 



,..,. 

TABLE Illd8. UTILITIES HAW DATA,TAOLES 
(Con tinuectl 

·-------------------- --------·--·-----·- -------------·-·---- ------ ··-··------·--·- ----·---·-· ··------····- ···--- -·--···--·--···--·-·- -·---··-··-·- ...... ,- ··--- --
Ti\111.1: NI\M,E IH;SCitii'TION COLUMN IIEt\DINll!l IIOW IIE/\IJINUS Tt\III.E ENTitiES 

--------- ·- -----··· ·- ----·--·- :-·----- -------------------------'":"'-----------------·---------------------- -----------------------------. ·.-------- --·- ----. -- ---· --

Ol.llCOST Op~rnling nrul mninl•~nnru:c 
costs (or cxis"tinr, plnnts 

SCi\ I.E 

SCi\ I.E 

( m) 

Cll'it (uctor (rn) rirst ~hnnu: I er o( 
plnnt t yrc ( rn•l) 
(Tnlllc 111-5) 

Cost (udnr In .IIIII •lullurs 
pt•r kwh 

--------------------------------------------------------------------------------------------------------------,------
OI.I)MtlNEY 

HESEIIVE 

llcvenur. rc•1uired hy nssets 
cxisling on Jruuuiry I, 1976 

llcscrve mnr~tin rc•lnircrncnls 

(lo) 

(to) = utility r~r,inn 
(Tuhlc 111-7) 

(lo) 

(lo) utility rcr,iun 
(Tuhlc 111-7) 

(yr) 

(yr) = lnrgct ycnr 
(Tnhlc 111-J) 

now 

ltcv~mrc In billions .. r •lollnrs 

llcsnrve nlnrgin 

--·-·--·---- ·- ----------·----------·- ·----------- ---------------------------------------
II ETIIlE llclircrucnt r·ntcs rur rossil 

(111:1 plnnls 
(to) 

(lu) = utility .-.~gion 
(Tnhlc Ill 7) 

. (yr) 

(yr) = tnrgc t ycnr 
CT1Lble 111-J) 

----- ---------. ·--·-- -·--· ----·---- ------------------- ·-- ------ ------ -------
IIETIIO lll'gionnl nthhm cosl.o; (nr 

rc~lrorllling cxi~tiug t.ilu­
·minous i•lnnls using h'igh 

(yr) 

(yr) = tnrg~t Y•~nr 
(Tnhlc 111-J) 

now nnd (lo)(x) 

now = (see text) 
(lo) = utility region 

(Tnhlc 111-7) 
(x) upper ("U") or 

lower· ("L") houud 

--·---- ---·- ·----- -------------·--·------------------------------------------ ··- ---------~- ------

TIII.OSS llcgioulll trnnsrnission nncl 
•listrihulion dril'icu•~Y 
rnlcs 

COl. 
' 

(lo) 

(lo) = ullllty region 
(TIIhlc 111-7) 

' 

llclircrucnl rnles 

111 row llOW: ntl.-l·ou e .. sts 
In dollnrs pl"!r k w 

In row (ln)(JI): cnpn!:hy buUiuls 
·(or retro(illc•lplnnls 

EHici~ney ratf!s 



.... 
0> 
00 

1"/\111.1·: NAME 

Til IllS 

Tlli.IM 

TABLE lll·-18. UTILITIES RAW D.\TA TADL.ES 
-{Continued) 
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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 the main functions of PIES: data .input, file creation, modeling, and 

report production. Although satellite models are not considered part of the PIES 
/ . 

Integrating 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 logical subsystem are programs that perform the PIES data processing 

and modeling. The major programs within each s.ubsystem are described by their function, 

programming language, and data inputs and outputs. 

B. SATELLITE MODELS 

PIES raw data come from a variety of sources including energy mod~ls, DOE 

analyses, energy information systems (e.g., DOE's Respondent Information System), and 

energy industry publications. For a particular energy materi8J. 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 refineries 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. PTE,S Demand Model, also considered here as a satellite model. The 

Deman~ Model also supplies data to the PIES Integrating Model. Figure IV-2 depicts the 

satellite models described 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. 

69 



FIG.URE IV-I 

;""" PIES SUBSYSTEMS A•ND DATA FLOW 
"'-... _./ DATA BASE ~ 

''"'\IN TEN ANCE ,-.. . SYSTEM* ' 

DE M AftD 
FILE 

' ....... ..-/ 

SATELLUE I 

MODELS 1 I 

,..- ........ , ~ 

T 
r ........ 

.... ___ __..... 
~ __.,I ~ ....-' 

/'"" ........, 

- I-- * 
WORKSPACE 

........ ../ 

RAW * , PREr ~ FILE _.,I * 
DAU P'flOCESSORS STANDARD STEP I STEP 2· FINAL 

....... MATRIX 

DOE 
""" 

ANALYSIS 
TABLES TABUS 

FILE REPORT 
~ ....-' 

CO .. PILED 
FILE 

"'-... ....,. _.,. REPORT FILE 
~ ....-' 

' ~ 

' . 
"* PIES SUB3YSTEMS I'--- ..,./ 

REVISE INTEGRATING 
~FILE_.../ 

MODEL 
PROBLEM REPORT 

' FILE ......._ ../ .... 
' SOLUTION 

FILE 

: , 
~ 

* -
AUXILIARY AUXILIARY 

' ~-REPORT REPORTS 
WRITERS 
~ 



··' 

DOE 
OFFICE OF ENERGY 
SOURCE ANALYSIS 

DOE 
OFFICE OF 

INTEGRATIVE ANALYSIS 

DOE 
OFFICE OF ENERGY 
USE ANALYSIS 

FIGURE IV-2 

SELECTED PIES SATELLITE MODELS 

SOURCE 

RESERVES 
COSTS 
MINE 
DESCRIPTIO NS 

RIALS RAW MATE 
HISTORICAL 
SLATES 
BLE NOS 
FACILITIE 

PRODUCT 

s 

RESERVES 
LEASING 
PRICES 

RESERVES 
LEASING 
PRICES 

MACRO 
FORECASTS 

' 

DEMOGRAPHICS 
MACROECONOMICS -.­
SOLAR 8. GEOTHERMAL 

DEMAND 
CONSERVATION IMPACT 

NATIONAL 
COAL 

MODEL 

REFINERY 

DATA 
AGGREGATION 

GAS 
SUPPLY 
MODEL 

OIL 
SUPPLY 
MODEL 

IE E S 

DEMAN 0 
MODEL 

-

r-
I'-- _./ 

COAL 
RAW DATA 

COAL PREPROCESSOR 

TABLES 

'- _../ 

. RE Fl NERY 
RAW DATA 

REFINERY· PRf:PROCESSOR 

TABLES 

/ .......... 

~ ............ 

NATURAL GAS NATURAL GAS PREPROCESSOR 
.RAW DATA 

TABLES....,.... 

-..... 
r-......... .-/ 

OIL OIL PREPROCESSOR 
RAW DATA 

....._TABLES.....,..... 

----..-...-~-----

... 

-...... 
~ _.....,., 

DEMAND 
FILE .......... 

J------.-.STEP 2 /OUSER 



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 curves, which when aggregated into PIES coal supply regions by a subroutine 

creates a file specifically for use by the PIES coal pr~processor. The NCM uses both .. 
GAMMA and MP~lli programming languages. One of its output is a file of long-range 

forecasts, based on PIES coal supply regions, which is generated specifically for u'se by the 

PIES coal preprocessor. The NCM uses both GAMMA and MP5-III programming languages. 
\ 

2. Refinery Data Aggregation 

Refineries modeling consists of data from the Refinery and Petrochemical 

Modeling System (RPMS), 1 manual estimations of capacities 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. The 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 

representation of refinery operation is input to the refinery preprocessor. 

3. Gas Supply Model 

The Gas SUPI?lY Mogel creates natural gas surply ~urve 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 

organizational 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 th~ oil 

preprocessors. Regression analysis techniques using leasing schedules, price .trajectories, 

and reserve estimates to produce the oil supply curves. 

The Oil Supply Model is written in Fortran and maintained and operated by the 

DOE Office of Energy Source Analysis/Office, of Applied Analysi~. Like the Gas Supply 
.I 

Model, the PIES scenario changes affect this model more than most satellite models, 

causing frequent runs. 

5. Demand Model 

The Demand Model generates the on-line ·demand file for input to the LP 

matrix in Step 2. The Demand Model is dynamic, using 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 (DF ACE), which integrates all of the demand 

fore~asts into the demand file for PIES. The outputs are the parameters _of a log-linear 

demAnd function to predict quantity demanded as a function of price by fuel and economic 
-" 

sector. The key parameters is an elasticity 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 cha·nges are transmitted on-line via terminals in the PIES 

staff offices. 

1. Coal Preprocessor 

The coal preprocessor a~cepts 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 transmitted to the preprocessor vis. an on-line disk file. 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. One 

preprocessor is useci 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 the 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. Oil 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 in 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 computations are 

performed during the reformatting of data into standard tables. 

6. Synthetics Preprocessor 

The raw data for synthetics 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 directly into the MaGen source code, 

most raw data are entered a8 file input from raw data tahles ~reRteci by the PIES staff. 

Extensive computation is performed in this preprocessor. The transportation network is 

modeled here rather than in later PI.ES Integrating Model programs. 

8. Utilities Preprocessors 

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

calculate 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 PIES 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 modeling as the standard tables are created. 

D. STEP 1 

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 

three 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, providing 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 f.or 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 batch run executed 

' remotely via terminal on the EIA comQuter facility. All of the code uses the MaG en 

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 produced, 

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 compiler contains the bulk of th~ program cpde in Step 1. Various 

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). 

The output from the report compiler, the compiled report file, contains the 

skeleton report and 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. 

E. STF.P 2 
/ 

Step 2 takes the LP matrix created in Step 1, adds demand 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 l 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 batch run executed remotely via terminal. The PIES 

staff maintains and operates these runs. As illustrated in Figure IV-5, Step 2 is a complex 

iterativ~ prn~ess, using numerous file:s. 
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The initial step is REVISE, providing all scenario-specific changes to the matrix 

through the revise file. The next 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 equilibrium is reached, the results are 

merged with the compiled report file from Step 1, and the Integrating Model Report is 
\ 

produced. Each of the Step 2 processes are described 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 SUPER WYLBUR 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 new raw 

data. For example, this occurs when oil or gas supplies are affected by scenario 

specifications. In th~se cases the Oil and/or Gas Supply M~del 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. 

Controling this processing is a program written in the Control Language for MPS-III, the 
\ 

LP system used to solve the LP matrix. This program creates the problem file from the 

matrix and revisP. 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 converged, 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 and the final 

solution file created. Figure IV-6 illustrates the process flow of the MPS-111 control 

program. 2 

The solution file is saved on tape for use by various auxiliary report generators 

described 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 interfacine- with thP 

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-111 control program after each LP solution is 

reached. QUSER performs scenariO-specific and price calculations and then determines 

whether the model has converged. If it has not converged, the demand function is re­

approximated. 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 the 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 lntegrRting Model Report. . 

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

3
see 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 Int~grating Model run. 

2. Matrix PERUSE 

. (i) . . . 
Matrix PERUSE is a new addition to the on-lme and batch mqu1ry 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 f.ile, 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 fixed format. Quantities, prices, 
I 

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 reported 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 

da~a 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. INTRODUGTION 

This chapter describes 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 guide for determining the hardware requirements necessary to utilize PIES on another . 

computer' facility. The following sections detail the PIES computer facility, support 

software, and security and privacy restrictions. 

B. . PIES COMPUTER FACILITY 

All PIES software operates on the DOE/EIA computer facility operated by Opti~um 

Systems Incorporated, Rockville, Md. This facility provides a timesharing service for EIA 

offering remote batch, and interactive processing. The EIA hardware facilities are 

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 OS/MVS. There are eight million bytes of 

addressable core available; 1.2 megabytes comprise the nucleus and· other resident 

software, 6.8 megabytes are for shared 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 batch 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. EIA SERVICE FACILITY HARDWARE (MARCH 1978) 

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

1 IBM 3068 Multisystem <?ommunication Unit 

2 IBM 3066-2 Consoles 

4 IBM 2880-2 Block Multiplexor Channel Pairs 

2 IBM 2880:...1 Block Multiplexor Channels 

2 IBM 2870 Byte Multiplexor Channels 

2 IBM 2860-2 Selector Channel Pairs 
I 

2 IBM 3272-2 Control Units 

2 ' IBM 3277-2 CRT Term'inals 

1 IBM 3288-1 160-CPS Printer 

1 IBM 3284-2 40-CPS Printer 

1 IBM 2821-1 Control .Unit 

1 IBM 2540-1 Card Reader Punch Unit 

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

j 1 IBM 3211 High-Speed Line Printer (2000 LPM) 

1 IBM 3811 Control Unit 

2 IBM 2835-2 Control Units 

2 IBM 2305-2 Fixed-Head Disk Storage Facilities 

6 IBM 3830 Disk Control Units 

24 IBM 3330-11 Spindles (200 megabytes each) 

48 IBM 3350 Spindles (317 megabytes each) 

2 STC 3800-m Tape Control Units 

10 STC 3470 Tape Drives (nine tracks, 1600/6250 bpi, 160/320 kb/s) 

1 STC 34.50 Tape Drive (nine tracks, 800/1600 bpi, 100/200 kb/s) 

1 STC 3430 Tape Drive (seven tracks, 556/800 bpi, 42/60 kb/s) 

1 IBM 3705 Communication Control Unit 

2 Comten 3670 Communications Control Units 
I 

1 IBM 2914 Manual Switching Unit 
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tables and the report file are 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, etc. 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 

File. 

Raw Data Tables 
Standard Tables 
Workspace File 
Matrix File 
Revise File 
Solution File 
Solution File (packed 
Problem File 
Demand File 
Integrating Model Report File 

Approximate Storage 
Requirements on 

IBM 3350 Disk 

150 ~tracks 
170 tracks 
300 tracks 
150 tracks 

25 tracks 
100 tracks 
17 tracks 

160 tracks 
20 tracks 
22 tracks 

C. PIES SOFTWARE REQUIREM.ENTS 

Approximate Storage 
Requirements in 

Millions of 8-Bit Bytes 

2,. 9 megabytes 
3. 2 megabytes 
5. 7 megabytes 
2. 9 megabytes 

• 5 megabytes 
1. 7 megabytes 

. 3 megabytes 
3.0 megabytes 

• 4 megabytes 
• 4 megabytes 

PIES uses· a number of special-purpose software systems in addition to the system 

software. under which it runs •. PIES JCL is written for the MVS (release 3) and JES2 

...1 operating system on the EIA computer facility. JES2 is the MVS equivalent of HASP. It 

' 
permits remote job entry from numerous peripheral stations. 

Two options are available for interactive use. IBM's TSO (timesharing option) is used 

when interactive compiling, lipkediting, 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 tablesr and 

programs. Since data are contained in many PIES programs, SUPERWYLBUR is used to 

alter 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. 

1 Although TSO can perform these functions, SUPER WYLBUR 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 are 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. MP8-III is one of the linear programming systems offered on the EIA facility. 

While MaGen is used for matrix creation and solution reporting, MP8-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 strict, 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. 
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VI. OPERATIONAL DESCRIPTION 

A. INTRODUCTION 

PIES processing is a sequential series of programs. The satellite 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 1'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 affecting only one preprocessor 

are altered, only that preprocessor need be run before Step 1 to recreate the matrix file. 

The PIES staff maintain and operate all of the PIES subsystems. This chapter 

describes the op.erational procedures carried out by each staff analyst 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 independently (in most cases). 

The running frequency depends on the availability of raw data and the scenario 

requirements. Some preprocessors'are run infrequently to .correspond to raw data updates. 

Others are run more often to meet the requirements of changing PIES scenarios. Each of 

the preprocessors is discussed below. 

1. Coal Preprocessor 

The coal preprocessor is' run periodically, when new data are available from 

the National Coal Model. It is independent of other pr,-eprocessors, and one run produces 

the necessary standard tables for all target years and one scenario. It is also run when 

new scenarios dictate changes to the input raw data. These require rerunning the National 

Coal Model prior 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 ind~pendent 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 da,ta tables are part of the preprocessor so that the actual processing 

only requires remote batch initiation using SUPERWYLBUR fro~ 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 runs 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 batch 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, w.ith less then 5 seconds of CPU time. 

4. Oil 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 suppfy 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 

SUPER WYLBUR to initiate the run. This preprocessor produces one scenario for two 

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

5. Refinerv 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 SUPER WYLBUR 

from a terminal. 

6. Synthetics Preprocessor 

The synthetics preprocessor requires DOE analysts to create its raw data 

inputs. These inputs are entered in the preprocessor code using SUPER WYLBUR 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 frequent changes. Thus, 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 

GPU time. 
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7. Transportation Preprocessor 

The transportation preprocessor is also independent of other preprocessors, 

requir.ing only changes to· its raw data inputs to produce new standard tables. The raw 

data tables are stored in an on-line file and in the preprocessor code. Either the file or , 

the code can be updated, using SUPERWYLBUR as an on-line interactive text-editor. 

The transportation preprocessor is run in remote batch mode using 

SUPER WYLBUR 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 preprocessor from an on-line file. This 

preprocessor produces a table of these factors 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 tables are entered directly in the second 

preprocessor code. This data can be updated by using SUPER WYLBUR as an on-line text­

editor. The second preprocessor is run using the on-line file created by the first 

preprocessor as input, and creating the utilities standard tables. Although these 

preprocessors are ru!l·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 SUPER WYLBUR from an on­

line terminat 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. STEP 1 

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., pri_ces 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 preprocessors 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. Nuclear. fuel, shale, and import raw data are not 

preprocessed and are in standard table format. These tables are direct inputs to Step 1. 

All the standard tables are in on-line files. 

The Step 1 run is ~ 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 steps 

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 Vl-1. 

1 Additional 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 ·othera 

CPU Minutes 11.5 5.0 1~5 4.0 1.0 

Core (bytes) 1000K 

Disk Space (IBM 
3350 Cylinders) 130 130 ~30 

Tape Drives (at 
one time) 1 

aTape 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. STEP 2 

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, initiated with SUPER WYLBPR from an on-line 

terminal. 

Data changes are<. made to Step 2 tables (in REVISE) to specify scenarios and modify 

matrix entries based on th~ 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 a Report 
b 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 I 

Drives 
(at one 1 
time) 

aPrimarily dependent upon. the number of iterations, which varies from 8 to 40, 
depending on the scenario. 1 

· 

bFile and tape handling. 
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