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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local,
state, and federal laws and regulations should be reviewed.

Neither API nor any of API's employees, subcontractors, consultants, committees, or other assignees make any
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of the
information contained herein, or assume any liability or responsibility for any use, or the results of such use, of ar. s
information or process disclosed in this publication. Neither API nor any of API's employees, subcontractoic,
consultants, or other assignees represent that use of this publication would not infringe upon privately ovned rights.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute tc assure the
accuracy and reliability of the data contained in them; however, the Institute makes no represer.*itio. . v arranty, or
guarantee in connection with this publication and hereby expressly disclaims any liability or responsbility for loss or
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may
conflict.

API publications are published to facilitate the broad availability of proven, soind =nyineering and operating
practices. These publications are not intended to obviate the need for appi;ing .ound engineering judgment
regarding when and where these publications should be utilized. The formulation ar. ' ublication of API publications
is not intended in any way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with "he marking requirements of an API standard
is solely responsible for complying with all the applicable requiramunts =7 that standard. APl does not represent,
warrant, or guarantee that such products do in fact conform to the a,nlicable API standard.

Al igi.'s reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any means,
ele ctronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the
Publisher, API Publishing Services, 1220 L Street, NW, Washington, DC 20005.

Copyright © 2014 American Petroleum Institute
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Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

Suggested revisions are invited and should be submitted to the Standards Department, API, 1220 L Street, NW,
Washington, DC 20005, standards@api.org.
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Introduction

This document initiates improving thermally cracked gas (TCG) property calculation methods for measurement
applications. It is a research report on TCG research work in progress. The methods presented here are for example
illustration purposes only. They are not for use at this stage in the development work. Modifications will occur to the
methods presented here and to other industry methods commonly used for TCG measurement once the research
work is completed. The goal is to reduce TCG custody transfer uncertainty. TCG is not a naturally occurring natural
gas mixture. It is produced as a by-product in the refining process of petroleum fluids.

The principal flow measurement method used to measure TCG is orifice measurement as applied ir. Ar' MPMS
Ch. 14.3/AGA Report No. 3/GPA 8185. These documents reference the use of APl MPMS Ch. 14.2/ACA r+ zport
No. 8/GPA 8185 for compressibility factor calculations. The assumption in the current application ot API MPMS
Ch. 14.3/AGA Report No. 3/GPA 8185 is that the fluid sampling, measurement, and calculations ¢ ~adions are in the
single gas phase region and that the fluid components are consistent with API MPMS Ch. 14.2/ACA Report No. 8/
GPA 8185. TCG mixtures contain significant quantities of olefins and hydrogen. These fluid ni'xtures are not natural
gases and fall outside of natural gas measurement and operation practices.

No reference or inference is made in APl MPMS Ch. 14.2/AGA Report No. 8/GPA 685 1o applying natural gas
components as chemical analogs for olefinic compounds, or that high concentratic='s o1 hydrogen can be permitted in
such mixtures. Nor do current industry measurement documents make statements 1-garding the uncertainty of such
practices.

Current orifice measurement standards do not address the metering, operations, or physical properties of TCGs.
Industry practice has been to substitute natural gas component analogs a.-< means to estimate TCG property values
for custody transfer. This practice increases measurement uncertair.‘ies.

In order to address the issues associated with TCGs, API in.i=*2d a four-phase project on TCG measurement.
Phase | evaluated current TCG measurement practices. The results suggested that component substitution methods
produced mass density uncertainties of 0.3 % to 5°% /or 7CG mixtures. The uncertainty depends on operating
conditions. Phase | identified experimental data gans ar. the need for experimental reference data over custody
transfer and common pipeline operating conditic:is. In c.der to initiate filling experimental data gaps for TCG mixture
mixtures, a single gas mixture was prepared a."1 r.easured during Phase Il. The Gas Technology Institute (GTI)
provided the experimental setup and meast reu data to support Phase Il work. The experimental work measured gas
phase measurements of density, sound ¢pee 1, and capacitance for a synthetic TCG mixture over a narrow operating
range. Measured data were compared 1. predicted values from APl MPMS Ch. 14.2/AGA Report No. 8/GPA 8185,
NIST14-DDMIX, GERG 2004/GER.G ~00', and the Soave-Redlich-Kwong equations of state. Subsequent analysis
was also made using ISO 20765-." for extended range applications. This report completes the Phase Il work. The
final phase, Phase 1V, will obtain ‘ata over a broad range of TCG operating conditions. Measured reference data for
many key TCG mixtures are 1.~t.available. The mixture data from the Phase IV lab work may be used to evaluate
TCG mixture data and ~ctermine *he applicability of various measurement equations to TCG mixtures.
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Measurement of Thermally Cracked Gas

1 Scope

This technical report presents a method to compute the density, compressibility factor, and supercompressibility factor
for thermally cracked gas (TCG) for custody transfer using orifice meters. It provides equations, parameters,
computation flow diagrams, and example spreadsheet calculations.

This technical report applies to TCG mixtures after treatment. See Table 2 for more information on the tynes of gaces
covered. It applies for temperature from 90 °F to 120 °F (305 K to 322 K) at pressures up to 300 psi> (2 MPa). It is
limited to a specific operating region. The method is for the single gas phase only.

2 Normative References

The following referenced documents are indispensable for the application of this documunt or provide additional
information pertinent to mass measurement of natural gas liquids. For dated references. or.:,:11e edition cited applies.
For undated references, the latest edition of the referenced document (including any. amendme nts) applies.

API Manual of Petroleum Measurement Standards (MPMS), Chapter 14.2, Cc mpre ssibility Factors of Natural Gas
and Other Related Hydrocarbon Gases (AGA Report No. 8 1) (GPA 8185 2)

3 Terms, Definitions, Abbreviations, and Symbols

3.1 Terms and Definitions

The quantities used in the equations in this document are de finec when they are used.
3.2 Abbreviations and Symbols

For the purposes of this document, the followina b -eviations and symbols apply.

B second virial coefficient

Bmix mixture second virial coe ficient

bn constant in Table '+

C third virial coe™ cien:

Chnix mixture third \v'viai coefficient

cn constantin \=ple 4

d me¢ 3s aunsity (mass per unit volume)
ATy, Pp) mlar density at reference condition 7, P,
Fpy supercompressibility factor

M, molar mass (molecular weight)
M@ molar mass of air

Mri molar mass of ith component

N number of components in gas mixture
n number of moles of gas

1 American Gas Association, 400 N. Capitol Street, NW, Suite 450, Washington, DC 20001, www.aga.org.
2 Gas Processors Association, 6526 E. 60th Street, Tulsa, Oklahoma 74145, www.gasprocessors.com.
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