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DISCLAIMER AND COPYRIGHT 

The American Gas Association’s (AGA) Operations and Engineering Section provides a forum 
for industry experts to bring their collective knowledge together to improve the state of the art in 
the areas of operating, engineering and technological aspects of producing, gathering, 
transporting, storing, distributing, measuring and utilizing natural gas.  

Through its publications, of which this is one, AGA provides for the exchange of information 
within the natural gas industry and scientific, trade and governmental organizations. Many AGA 
publications are prepared or sponsored by an AGA Operations and Engineering Section technical 
committee. While AGA may administer the process, neither AGA nor the technical committee 
independently tests, evaluates or verifies the accuracy of any information or the soundness of any 
judgments contained therein.   

AGA disclaims liability for any personal injury, property or other damages of any nature 
whatsoever, whether special, indirect, consequential or compensatory, directly or indirectly 
resulting from the publication, use of or reliance on AGA publications. AGA makes no guaranty 
or warranty as to the accuracy and completeness of any information published therein. The 
information contained therein is provided on an “as is” basis and AGA makes no representations 
or warranties including any expressed or implied warranty of merchantability or fitness for a 
particular purpose.  

In issuing and making this document available, AGA is not undertaking to render professional or 
other services for or on behalf of any person or entity. Nor is AGA undertaking to perform any 
duty owed by any person or entity to someone else. Anyone using this document should rely on 
his or her own independent judgment or, as appropriate, seek the advice of a competent 
professional in determining the exercise of reasonable care in any given circumstances.  

AGA has no power, nor does it undertake, to police or enforce compliance with the contents of 
this document. Nor does AGA list, certify, test or inspect products, designs or installations for 
compliance with this document. Any certification or other statement of compliance is solely the 
responsibility of the certifier or maker of the statement. 

AGA does not take any position with respect to the validity of any patent rights asserted in 
connection with any items that are mentioned in or are the subject of AGA publications, and 
AGA disclaims liability for the infringement of any patent resulting from the use of or reliance on 
its publications. Users of these publications are expressly advised that determination of the 
validity of any such patent rights, and the risk of infringement of such rights, is entirely their own 
responsibility. 

Users of this publication should consult applicable federal, state and local laws and regulations. 
AGA does not, through its publications intend to urge action that is not in compliance with 
applicable laws, and its publications may not be construed as doing so. 

Changes to this document may become necessary from time to time. If changes are believed 
appropriate by any person or entity, such suggested changes should be communicated to AGA in 
writing and sent to: Operations & Engineering Section, American Gas Association, 400 North 
Capitol Street, NW, 4th Floor, Washington, DC 20001, U.S.A. Suggested changes must 
include: contact information, including name, address and any corporate affiliation; full name 
of the document; suggested revisions to the text of the document; the rationale for the 
suggested revisions; and permission to use the suggested revisions in an amended publication 
of the document. A form to propose changes has been added at the end of the document.  
 
Copyright © 2013, American Gas Association, All Rights Reserved. 
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FOREWORD 

Pipeline natural gas is not just methane, but rather a complex mixture of hydrocarbon and inert gases, 
sulfur compounds, moisture, and other trace constituents and contaminants. These numerous constituents 
form the basis of physical and chemical relationships that further define natural gas as a product. To this 
end, it is important to understand what is implied by the word “quality.” In the traditional sense, “quality” 
implies excellence or superiority. However, when speaking in the context of “natural gas quality,” the 
word “quality” simply means any of the features that describe the chemical or physical characteristics of 
natural gas. 

The subject of natural gas quality has received a great deal of attention by all industry sectors, from the 
wellhead to burner tip. Although many technical and policy references are available, examination of these 
resources revealed an information gap in the area of the practical gas system operating concerns and 
management planning. This manual is intended to bridge that gap. This single-source, easy-to-use 
reference tool provides an overview of the technical considerations for gas quality management planning. 
It combines concepts from several resources to help piece together the gas quality puzzle and enhances 
the understanding of the comprehensive set of dependent and independent variables that define the term 
“gas quality.” 

It is generally recognized that a “one-size-fits-all” solution to gas quality management and planning is 
impractical if we are to balance the concerns of maximizing supply while minimizing impacts on gas 
transportation and end use. This manual highlights the technical considerations to establish reasonable 
and practical gas quality management guidelines to ensure this balance is realized, while continuing the 
natural gas industry’s rich history of providing a safe, reliable, environmentally responsible, and cost-
effective product to our customers. 

Much of the information contained in this manual is found in a variety of existing technical resources. A 
list of these resources, although not complete, is included in this document. This manual is a compilation 
of publicly available technical literature, Internet information, and opinions of researchers and other 
experts in the industry. The industry as a whole is still learning about gas quality and its effects on 
pipeline infrastructure and end use. It is in the industry’s best interests to continue research and 
dissemination of available history and experience. Even though attempts were made to gather information 
from reliable sources and correctly interpret it, this information should be used only for educational 
purposes. More in-depth analysis may be required to address specific situations within your company. 

 

 

iv 
 



ACKNOWLEDGEMENTS 

The Gas Quality Management Manual was developed by a Task Group of the American Gas 
Association’s Transmission Measurement Committee under the joint chairmanship of Henry W. (Hank) 
Poellnitz III, P.E., Kinder Morgan (formerly El Paso Pipeline) and Robert D. (Bob) Wilson, National 
Grid, with substantial contributions from Edgar B. Bowles, Jr., Southwest Research Institute. 

Individuals who made considerable contributions to this document are –  

Joe Bronner, Pacific Gas & Electric 

Cary Carter, Boardwalk Pipeline Partners 

Robert Fallwell, TransCanada 

Thanh Phan, Spectra Energy 

Other individuals who also contributed to the document are –  

Craig Chester, Williams Gas Pipeline 

Angela Floyd, ConocoPhillips 

William Haddad, Elster Instromet 

Rosemarie Halchuk, Xcel Energy 

Shane Hale, Emerson Process Management 

John Hand, Spectra Energy 

Daniel Harris, NiSource 

Jim Keating, Consultant 

Kimberly Kemp, Pacific Gas & Electric 

Allen Knack, Consumers Power 

Paul LaNasa, CPL & Associates/CEESI Measurement Solutions 

Brad Massey, Williams Midstream Gathering and Processing 

Gary McCargar, Oneok 

Dannie Mercer, Atmos Energy 

Bill Morrow, Telvent 

Chris Overgaard, Nicor Gas 

Mark Pelkey, National Fuel Gas 

Warren Peterson, TransCanada 

Reese Platzer, Questar Pipeline 

King Poon, Thermo Fisher Scientific 

Dan Rebman, Universal Pegasus International 

Daniel Rudroff, Welker Flow Measurement Systems 

v 
 



Diane Saber, Previously with Gas Technology Institute 

Janet Schirm, AGA Summer Intern 2013 

Tushar Shah, Eagle Research Corp. 

 

The following individuals from the Supplemental Gas Committee also deserve recognition for their 
contributions on sections related to LNG Liquefaction and Propane-Air Peak-Shaving considerations. 
AGA acknowledges the contributions of the above individuals plus the many others whose names are not 
listed here and thanks them for the time and effort they made to help develop this document. 

Jeff Brightwell – Trunkline LNG Company 

James Goodchild - Xcel Energy 

John Hoch – Standby Systems, Inc. 

Pieter Ouwerkerk – PECO Energy 

Kevin Ritz – Baltimore Gas & Electric Company 

Christina Sames     Ali Quraishi 
Vice President     Engineering Services Director 
Operations and Engineering   Operations and Engineering 

vi 
 



TABLE OF CONTENTS 

DISCLAIMER AND COPYRIGHT iii 

FOREWORD iv 

ACKNOWLEDGEMENTS v 

TABLE OF CONTENTS vii 

1 Overview 1 
1.1 Introduction 1 
1.2 Scope 2 

2 Understanding Natural Gas Constituents and Properties 3 
2.1 Defining Pipeline-Quality Gas 4 
2.2 Hydrocarbon Gases 5 
2.3 Non-hydrocarbon Gases 7 
2.4 Sulfur Compounds and Black Powder 7 
2.5 Contaminants and Other Trace Constituents 9 
2.6 Water Vapor 10 
2.7 Natural Gas Properties 12 

2.7.1 Specific Gravity or Relative Density 12 
2.7.2 Ideal Gases 12 
2.7.3 Real Gases 13 
2.7.4 Compressibility Factor 14 
2.7.5 Heating Value 14 
2.7.6 Methane Number and Motor Octane Number 15 
2.7.7 Hydrocarbon Dew Point and Liquid Dropout 16 
2.7.8 Combustion and Interchangeability Parameters 18 

3 Understanding Pipeline System Impacts 21 
3.1 System Considerations 21 
3.2 Contract and Tariff Considerations 21 
3.3 Supply Source Considerations 22 
3.4 Gas Processing Operations and Economics 24 

3.4.1 Gas Processing Plants 25 
3.4.2 Operating Economics 25 

3.5 Pipeline Facilities 26 
3.5.1 Condensation in Pipeline Facilities 26 
3.5.2 Pipeline Problems Resulting From Reduction or Elimination of Processing 27 
3.5.3 Methods for Limiting Condensation 28 

3.6 Storage Facilities and Operations 29 
3.6.1 Gas Quality Impact on Underground Storage Operations 30 
3.6.2 Storage Accounting 32 

3.7 Peak-Shaving & Baseload Operations (LNG and Propane-Air) 33 

vii 
 



3.7.1 Import Terminal Operations 33 
3.7.2 Considerations for Peak-Shaving Operations 34 

3.8 LDC and Direct-Connect Issues with Delivery, Infrastructure and Utilization 34 
3.8.1 Problems of Hydrocarbon Liquid Fallout in Transmission and Distribution Systems 35 
3.8.2 Odorization Problems Related to Gas Quality 35 
3.8.3 Effects of Gas Quality on Plastic Pipes and Elastomers 36 
3.8.4 Powders 36 
3.8.5 Corrosive Constituents 36 
3.8.6 End-Use Issues: Heating Value/Wobbe Number and Interchangeability 37 
3.8.7 Therm Billing Issues: Heating Value 39 

3.9 Measurement and Gas Quality Analysis 39 
3.9.1 Impacts on Gas Quality Sampling and Analysis 40 

3.10 Effect of Gas Quality Changes on Compressor Facilities and Operations 41 
3.10.1 Gas Quality Impact on Combustion 41 
3.10.2 Gas Quality Impact on Compression 42 
3.10.3 Gas Quality Impact on Ancillary Equipment 43 
3.10.4 Compressor Station Impact on Gas Quality 43 

3.11 Regulation and Flow Control 44 
3.11.1 Impact of Contaminants and Liquids 44 
3.11.2 Mitigation Techniques 45 
3.11.3 Elemental Sulfur 45 

4 Monitoring Gas Quality 47 
4.1 General Considerations 47 
4.2 Remote and Local Monitoring 47 

4.2.1 Supervisory Control and Data Acquisition 47 
4.2.2 Communications between SCADA and Field Devices 48 
4.2.3 Polled Data Types 48 
4.2.4 Site Location 49 
4.2.5 Local Monitoring 49 
4.2.6 Pipeline Dynamics 49 

4.3 Sampling and Monitoring 50 
4.3.1 Sampling Methods 50 
4.3.2 Compositional Analysis for Heating Value 52 
4.3.3 Sulfur and H2S Analyzers 58 
4.3.4 Water Vapor Measurement 60 
4.3.5 HDP Determination 60 
4.3.6 Continuous CO2 Monitors 62 
4.3.7 O2 Monitors 62 
4.3.8 Other Constituents and Monitoring Concerns 62 

5 Determining and Maintaining Historical Gas Quality Data 64 
5.1 Necessary Gas Quality Information 64 

viii 
 



5.2 Pipeline System Operational Data 65 
5.3 Data Retention Interval 66 

6 Developing a Gas Quality Management Plan 67 
6.1 Establishing Gas Quality Goals 67 

6.1.1 Balancing Supply Flexibility with Good Science and Operating Experience 67 
6.2 Application of Specifications 68 

6.2.1 Receipt Point Specifications 68 
6.2.2 Delivery Point Specifications 68 
6.2.3 Specifications Designed To Promote Fungibility 68 
6.2.4 Tariff, Contract, and Measurement Considerations 69 

6.3 Understand the History, System Constraints, and End-Use Limitations 69 
6.3.1 Assessing the Past to Build the Future 70 
6.3.2 System and Equipment Requirements 70 

6.4 Establishing an Ongoing Monitoring and Corrective Action Program 70 
6.4.1 Additional Gas Quality Management Planning Considerations for New Supply          

Projects or Significant Expansion of Existing Supplies 71 
6.5 Summary and Recommendations 72 
6.6 Gas Quality Management Plan Checklist 73 

Appendices 76 
Appendix A: Definitions of Terms, Industry Publications, Standards and References 77 
Appendix B: Fundamentals of Hydrocarbon Chemistry — Structure and Properties                               

of Hydrocarbon Molecules 95 
Appendix C: NGC+ White Paper on Natural Gas Interchangeability and Non-Combustion                 

End Use: Typical Gas Composition Data by Region and State 101 
Appendix D: Chemical and Physical Properties of Natural Gas Constituents 107 
Appendix E: Moisture Correction and Saturation Tables 109 
Appendix F: The Gas Laws 117 
Appendix G:  Hydrocarbon Dew Point and Natural Gas Sample Distortion 119 
Appendix H: Stoichiometric Combustion and Calculation of Volumetric Heating Value                  

Based on AGA Report No. 5, 2009. 132 
Appendix I: Interchangeability Parameters and First Principles of Combustion 139 
Appendix J: Development of Weaver and AGA Bulletin No. 36                                     

Interchangeability Indices and Limits 157 
Appendix K: Mercaptan and Sulfur Compound Measurement and Conversion Table 179 
Appendix L: Sample Calculations 181 
Appendix M: Biogas or Biomethane 187 
Appendix N: LNG Liquefaction and Propane-Air Peak-Shaving Gas Quality Considerations 189 
Index                                                                                                                                                        195 

Form to Propose Changes 199 
 
  

ix 
 



 
 
 

REQUEST FOR SUGGESTIONS 
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send your suggestions, using the form at the end of the 
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1 Overview 

1.1 Introduction 

The subject of natural gas quality resurfaced in the mid-2000s as an industry imperative due to an 
expected increase in imports of liquefied natural gas (LNG) and the associated immediate need to 
address pipeline tariff and Federal Energy Regulatory Commission (FERC) issues regarding 
interchangeability and hydrocarbon liquid dropout. However, the subject of gas quality goes 
beyond these two specific concerns. It also includes accurate energy measurement and addresses 
issues of impurities and contaminants, including trace higher hydrocarbon species, volatile metal 
compounds, moisture (water vapor) content, oxygen (O2), inerts (e.g., carbon dioxide (CO2) and 
nitrogen (N2)), sulfur compounds, bacteria, and other particulate matter. Publicly-available data 
regarding the variability of gas supplies are limited and have typically focused on a particular 
end-use issue, such as natural gas vehicles. Other studies have examined, in a broad sense, the 
practical aspects of national specifications and recommended language to be incorporated into 
pipeline tariffs. 

This document pulls together much of the currently available information and is intended as a 
“tool” for the gas operator, providing a collection of technical information necessary to assess, 
monitor, and manage aspects of gas quality that could impact pipeline operations and end-user 
applications. 

An understanding of fundamental gas quality management parameters is necessary to manage 
changes in existing supplies and to ensure new supplies can be safely accepted and are 
interchangeable with historical supplies. This understanding includes knowledge of the following 
parameters and constituents: 

• hydrocarbon gas composition constituents, at least through C6, with a valid C6+ split 
assumption 

• inerts concentrations, including nitrogen, carbon dioxide, noble gases 

• total sulfur, mercaptans, and hydrogen sulfide content 

• oxygen 

• moisture (water vapor) 

• flowing gas temperature 

• heating value 

• relative density, cricondentherm hydrocarbon dew point (CHDP) or hydrocarbon dew 
point (HDP) at operating pressure 

• Methane Number (MN) 

• Wobbe Number (WN) and/or other interchangeability parameters 

• trace constituents and other contaminants 

Much of this information is available or can be calculated from existing gas monitoring 
equipment installations (e.g., gas chromatographs). The challenge in managing gas quality 
involves defining these parameters and constituents for a range of acceptability, so that supply is 
maximized while problems within the gas transportation, delivery, and end-use sectors are 
minimized. In many cases, these parameters and constituents are established in tariffs and 
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monitored by pipelines and local distribution companies (LDCs). Suppliers inevitably need 
certainty to assess options to provide the most economical supply selections to customers. A gas 
quality management plan is a critical tool in facilitating development of supply options needed in 
the future. 

The challenge in managing gas quality requires definition of criteria for a range of acceptability 
such that supply is maximized. In many cases, specifications for gas quality limits are established 
in tariffs. 

1.2 Scope 

The scope of this manual is to provide the reference information necessary for gas system 
operators to assess, monitor, and manage variables that define the gas quality management plan. 
This includes: 

• understanding the fundamental constituents and properties of natural gas 

• understanding the basis of historical pipeline receipt and market area delivery data 

• understanding pipeline and delivery system design and market area end-use 
requirements, including specific limitations at potentially sensitive points within the 
pipeline system 

• understanding the gas constituents of concern and resulting properties and 
parameters, potential effects on delivery and end use 

• conducting the ongoing data collection and retention necessary to define gas quality 
for a system 

• managing gas quality changes 

The gas supply picture in the United States is evolving to meet projected current and long-term 
demand. As a result, stakeholders across the value chain must understand that gas compositions 
change as new supplies are introduced to the pipeline system. It is this change that drives the 
industry to understand and define the acceptable ranges of variability without compromising 
transportation and end-use reliability and safety. In summary, this manual provides the gas 
operator with a practical set of guidelines and information necessary for developing a gas quality 
management plan and recognizes that what is in the pipe is as important as the pipe itself. 
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