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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 th»
process, neither AGA nor the technical committee independently tests, evaluates or verifies the accurccy 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 whatsoev 2r, whether
special, indirect, consequential or compensatory, directly or indirectly resulting from the pu.:ica’or, use of or
reliance on AGA publications. AGA makes no guaranty or warranty as to the accuracy and comyleteness of any
information published therein. The information contained therein is provided on an “as is” »asis and AGA makes
no representations or warranties including any expressed or implied warranty of mer=hai.:2vility or fitness for a
particular purpose. Nothing contained in this document should be viewed as an endcrsen nt ¢, disapproval of any
particular manufacturer or product.

In issuing and making this document available, AGA is not undertaking to renu>v-professional or other services
for or on behalf of any person or entity. Nor is AGA undertaking to‘per orm any duty owed by any person or
entity to someone else. Anyone using this document should rely on his ¢ ner own independent judgment or, as
appropriate, seek the advice of a competent professional in determ ning the exercise of reasonable care in any
given circumstances.

AGA has no power, nor does it undertake, to police or enfuice cempliance with the contents of this document.
Nor does AGA list, certify, test or inspect products, design. or .nstallations 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 tn e vandity 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 u.:e ucz of or reliance on its publications. Users of these publications are
expressly advised that determination of ti 2 vaiidity of any such patent rights, and the risk of infringement of such
rights, is entirely their own responsizility.

Users of this publication shoulc co.xsiit applicable federal, state and local laws and regulations. AGA does not,
through its publications, intend > urge action that is not in compliance with applicable laws, and its publications
may not be construed as a-ing . 0. Information concerning safety risks, proper installation or use, performance or
fitness or suitability for any \«irpose with respect to particular products or materials should be obtained from the
manufacturer or sunuhct of the material used.

Changes to this accurent may become necessary from time to time. If changes are believed appropriate by any
person or ent’ty, sucn suggested changes should be communicated to AGA in writing and sent to: Operations &
Engincarina Lection, American Gas Association, 400 North Capitol Street, NW, 4™ Floor, Washington, DC
20001 U'S.A. or E-mail to: publications@aga.org. Suggested changes must include: contact information,
includiing name, address and any corporate affiliation; full name of the document; suggested revisions to the
takt of the document; the rationale for the suggested revisions; and permission to use the suggested revisions
.1 1 amended publication of the document.

Copyright © 2017, American Gas Association, All Rights Reserved.
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FOREWORD

AGA Report No. 8, Part 2, provides technical information necessary to compute thermodynamic
properties including compressibility factors, densities, speeds of sound, and dew and bubble points for natural gas
and related gases. It is based on the research performed at the Ruhr University in Bochum, Germany, and published
in 2006 as the doctoral dissertation of Oliver Kunz under the direction of Prof. Dr.-Ing. Wolfgang Wagner. The
equations in the dissertation are commonly referred to as the GERG-2004 and GERG-2008 equations of state in
acknowledgement of partial sponsorship of the research by the Groupe Europeen de Recherches Gazieres
(GERG). Because these equations are used both in this document and the International Standards Organizaticn
document ISO 20765: Natural Gas — Calculation of Thermodynamic Properties, Part 2: Single-Phase Proper..>
(Gas, Liquid, and Dense Fluid) for Extended Ranges of Application, 2015 edition, calculations of properties
should have the same values.

The companion publication, AGA Report No. 8, Part 1, provides calculation methols fur thz DETAIL
and GROSS equations of state as in the 1994 edition of AGA Report No. 8, but the temperatu., pressure, and
composition limits for different levels of uncertainties have been modified.

The documentation of programs for calculating properties from the methods u2scrik2d in this document
is available as supplementary material in Appendix C. Examples are available in “orfran, VB, and C++ code.
The supplementary material also contains a Microsoft Excel spreadsheet for :rop. rty calculations. This can be
used to determine if, for a particular temperature, pressure, and composition, the zioperty values calculated from
the equations in Part 1 are within the desired uncertainty (by comparin with those in Part 2) even though one or
more of these inputs may be outside the ranges given in Part 1. A file ¢ ntaining calculated points at different
compositions (not necessarily related to typical natural gas) is inzludxd, v:hich can be used to verify that programs
or equipment have been implemented or upgraded correctly *o Lroauce values that are in agreement with the
equations in this document.

Some material described in Part 2 also applies to Par.Z, and vice versa, and is not repeated in both parts.
For example, Part 1 describes an algorithm for obtairing densities through an iterative procedure that can also be
used with the equations in Part 2 (and which is & ;pliod for this purpose to the GROSS, DETAIL, and GERG-
2008 equations of state in the programs in the sugnlomentary material). Similarly, Part 2 outlines the method for
reporting calculated results and uncertainties rein.the equations in both parts, and also describes the experimental
database available for natural gas mixturec (but ninary and multicomponent systems), much of which was used
in the development of the equations in Fort 10 Some information, however, is repeated in both parts, such as the
material in Sections 2 and 3. The cembia: tion of Parts 1 & 2 gives a wider overview of the equations of state
and their appropriate applicatic /0o natural gas.

Although Part 2 ma;,-he vsed to calculate thermodynamic properties for pressures, temperatures, and gas
compositions applicable fc: Par . 1 (within the uncertainty limits of each equation), the decision to upgrade existing
installations to use Part 2 is It to the discretion of the parties involved.
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1 INTRODUCTION

1.1 Scope

Part 2 presents information for computation of thermodynamic properties, including compressibility
factors, densities, and speeds of sound, of natural gas and related gases, for gaseous states, vapor-liquid
equilibrium states, and liquid states, based on the GERG-2008 equation of state [1,2]. It also improves upon the
performance of the AGA 8 DETAIL equation [3] for gas-phase properties, especially at high pressures and low
temperatures. The ranges of temperature, pressure, and composition for which the GERG-2008 equation of state
applies are much wider than the AGA 8 DETAIL equation. Uncertainty estimations for different compositior s,
pressures, and temperatures are given. With the availability of vapor-liquid equilibrium and liquid swt
calculations, Part 2 enables the calculation of dew points, bubble points, and the critical point.

1.2 Background

Work began in the 1990’s at the Ruhr University in Bochum, Germany, under the direct. n of Wolfgang
Wagner to develop even more sophisticated models to represent not only the gas phase, as in the case of AGA 8,
1994 edition, but also the liquid phase and retrograde region. The first version of the.new 2 1uation was released
in 2004 for 18 components, and then an updated version was released in 2008 with:thre.> adeitional components.
These 21 components, listed at the end of this section, are the same as the comoe..onts i AGA 8, Part 1. Because
the calculation of dew points requires knowledge of the liquid phase as well as 1. < ga ; phase, the DETAIL method
presented in Part 1 is not able to determine the state where liquids will condense 1.0m a natural gas stream. With
the addition of accurate liquid calculations in the GERG-2008 equation, i+ noints, as well as bubble points and
saturated states in the retrograde region, can now be calculated fui any temperature or pressure input. The
equations required for these calculations are covered in Part 2

The GERG-2008 equation is explicit in the Helmiiultz cnergy, which is a fundamental property that
allows the calculation of all other thermodynamic propertics through analytical derivatives with respect to the
independent properties, which are temperature and density. For example, pressure is proportional to the first
derivative of the Helmholtz energy with respect to dencity (at constant temperature). This equation is also
applicable in the calculation of two-phase propertie: (v :por-liquid equilibria). Through the use of a fundamental
equation of state, numerical differentiation or-r;2gia.ion to obtain thermodynamic properties is not necessary, as
was done in AGA 10.

AGA Report No. 8, Part 2, zvav des all pertinent information required to implement the GERG-2008
mixture model for the calculation &t ¥ olumetric and caloric properties of natural gases, manufactured fuel gases,
and similar mixtures. The mod:l i1_alzo applicable to each of the pure natural gas components and to numerous
binary and multi-component mi.tures not related to natural gas. It is valid at conditions where the mixture may
be in the single-phase gas; 'iqu.1, or retrograde region, as well as saturation and 2-phase states.

The uncertainu»s of caiculated properties in the gas phase, including both volumetric properties (density)
and caloric propertiea (enthalpy, entropy, heat capacity, speed of sound, etc.) are the same or lower in most cases
than those for the 1.2ethods described in Part 1 over the full ranges of validity of the DETAIL equation of state.
This is partic.'larly true at lower temperatures, such as the temperature region from —10 °F to 35 °F (250 K to
275 K). As ' h Part 1, the uncertainties in density and speed of sound are generally within 0.1 % or less, where
uncer.:intics are given in this document with a 95 % level of confidence (k=2). Through the use of a more complex
meanl tan that in Part 1, single-phase liquid states, 2-phase states, and dew and bubble points can now be
Ca'culaied with the Part 2 equations (which was not possible in Part 1).

With the more complex model, the regions of validity increase to cover the full pressure, temperature, and
composition ranges for most of the 21 components available. For example, Part 1 is limited to 25 mole percent
ethane, 6 mole percent propane, non-hydrogen-rich natural gases, and to very small amounts of the heavier
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