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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 APl 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 any
information or process disclosed in this publication. Neither APl nor any of API's employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to ensure the
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility 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, sound engineering and operating
practices. These publications are not intended to obviate the need for applying sound engineering judgment
regarding when and where these publications should be utilized. The formulation and publication 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 the marking requirements of an API standard
is solely responsible for complying with all the applicable requirements of that standard. APl does not represent,
warrant, or guarantee that such products do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any means,
electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the
Publisher, API Publishing Services, 200 Massachusetts Avenue, NW, Washington, DC 20001.

Copyright © 2019 American Petroleum Institute



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.

The verbal forms used to express the provisions in this document are as follows.
Shall: As used in a standard, “shall” denotes a minimum requirement in order to conform to the standard.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not required in order
to conform to the standard.

May: As used in a standard, “may” denotes a course of action permissible within the limits of a standard.
Can: As used in a standard, “can” denotes a statement of possibility or capability.

This document was produced under API standardization procedures that ensure appropriate notification and
participation in the developmental process and is designated as an API standard. Questions concerning the
interpretation of the content of this publication or comments and questions concerning the procedures under which
this publication was developed should be directed in writing to the Director of Standards, American Petroleum
Institute, 200 Massachusetts Avenue, NW, Washington, DC 20001. Requests for permission to reproduce or translate
all or any part of the material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from the
API Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is published
annually by API, 200 Massachusetts Avenue, NW, Washington, DC 20001.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusetts
Avenue, NW, Washington, DC 20001, standards@api.org.
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Nomenclature

parameters in Section 5.1.2 quadratic equation

temperature correction factor

scaling factor

parameters in saturation density equation

base temperature (60 °F, 15 °C, or 20 °C)

base temperature (288.15 K, or 293.15 K)

fluid critical temperature (K)

reference fluid critical temperature (K)

observed measurement temperature (°F or °C)

reduced observed temperature

observed temperature (K)

ratio of volume at 60 °F to volume at temperature 7. Is the basic definition of Cyy,
interpolating factor

critical compressibility factor

parameters in Section 5.1.2 quadratic equation

interpolation variable

parameter in saturation density equation

parameter in saturation density equation at observed temperature
relative density at observed temperature

relative density at the observed temperature corresponding to the upper boundary for the 60 °F
relative density

relative density at the observed temperature corresponding to the lower boundary for the 60 °F
relative density

relative density at the observed temperature corresponding to the intermediate 60° F relative density
used in Section 5.1.2 iteration procedure

trial relative density at the observed temperature used in Section 5.1.2 iteration procedure
relative density at the base temperature, 7'

relative density at a base temperature of 60 °F

relative density at the observed temperature, T,

upper bound for the observed fluid’'s 60 °F relative density

lower bound for the observed fluid’s 60 °F relative density

intermediate 60 °F relative density value used in Section 5.1.2 iteration procedure
trial 60 °F relative density value used in Section 5.1.2 iteration procedure

critical molar density (kmol/m3)

density at a base temperature of 60 °F (kg/m3)

density at a base temperature of 15 °C (kg/m3)

density at a base temperature of 20 °C (kg/m3)

saturation molar density (kmol/m3)
saturation molar density at 60 °F (kmol/m3)

saturation molar density at observed temperature (kmol/m3)
density of water at 60 °F (kg/m?3)
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Temperature Correction for the Volume of NGL and LPG Tables 23E, 24E, 53E,
54E, 59E, and 60E

Implementation Guidelines

This revised standard is effective upon the date of publication and supersedes the ASTM-IP 1952 Petroleum
Measurement Tables, GPA 2142, GPA TP-16, Tables 33 and 34 of APl MPMS Chapter 11.1-1980 Volumes XI/XII
(Adjuncts to ASTM D1250-80 and IP 200/80), and API/ASTM/GPA TP-27. However, due to the nature of the changes
in this revised standard and the fact that it is or may be incorporated by reference in various regulations, it is recognized
that guidance concerning an implementation period may be needed in order to avoid disruptions within the industry and
ensure proper application. An application, for this purpose, is defined as the point where the calculation is applied.

The actual standard represented by this report consists of the explicit implementation procedures. Sample tables and
other examples created from a computerized version of these implementation procedures are presented within.
However, these are for examples only and do not represent the standard.

Once the revised standard is implemented in a particular application, the previous standard will no longer be used in
that application.

However, the use of APl and GPA standards remains voluntary, and the decision on when to use a standard is an issue
that is subject to the negotiations between the parties involved in the transaction.

1 Introduction

For custody transfer purposes, natural gas liquid (NGL) and liquefied petroleum gas (LPG) volumes are generally
stated at a fixed base temperature and saturation pressure. As most volume transfers occur at temperatures and
pressures other than standard conditions, these volumes are adjusted to standard conditions through the use of
correction factors. The document is specifically titled as being suitable for NGL and LPG liquids. Light hydrocarbon
mixtures containing significant quantities of methane, carbon dioxide and nitrogen which have density ranges which
overlap those contained in these tables can be encountered. However, the two-fluid correlation which is the basis of
these tables was not calibrated for such mixtures. Separate factors for temperature (C7;) and pressure (Cp;) are used
to make these corrections. This document presents a new method to calculate temperature correction factors.
Pressure correction factors are not within the scope of this document, but can be calculated using American Petroleum
Institute Manual of Petroleum Measurement Standards (MPMS) Chapter 11.1-2004 [ (which superseded Chapter
11.2.1-1984 [2] and 11.2.1M-1984 [3]), Chapter 11.2.2-1986/GPA 8286-86 [4] or Chapter 11.2.2M-1986/GPA 8286-86 [°],
depending on product type.

Previously, most NGL and LPG temperature correction factors have been obtained from a variety of sources:

— ASTM-IP “Petroleum Measurement Tables” [l published in 1952. This publication is limited to a 60 °F relative
density range of 0.500 and higher.

— GPA Standard 2142, “Standard Factors for Volume Correction and Specific Gravity Conversion of Liquefied
Petroleum Gases” [7], published in 1957, also contains the same correction factors as the 1982 ASTM-IP
document.

— GPATP-16 “Composite Pressure and Temperature Volume Correction Factor Tables for Liquefied Petroleum Gas
(LPG) and Natural Gasoline” [8l, published in 1988. It is limited to the following products: HD-5 Propane with
relative densities of 0.501, 0.505, and 0.510; iso-butane at a relative density of 0.565; normal butane at a relative
density of 0.585; and natural gasoline (12-14 psia RVP) at a relative density of 0.664.

— API MPMS Chapter 11.1-1980/ASTM D1250-80 Volume XIlI, Table 33 “Specific Gravity Reduction to 60 °F For
Liquefied Petroleum Gases and Natural Gasoline” (9],



2 APl MPMS CHAPTER 11.2.4

— APl MPMS Chapter 11.1-1980/ASTM D1250-80 Volume XlI, Table 34 “Reduction of Volume to 60 °F Against
Specific Gravity 60/60 °F For Liquefied Petroleum Gases” [°].

— API/ASTM/GPA 8117 “Temperature Correction for the Volume of Light Hydrocarbons” [10],
— API/ASTM/GPA TP-27 “Temperature Correction for the Volume of NGL and LPG” [11],

With the publication of this document, the above API, ASTM and GPA documents should no longer be used for NGL and
LPG temperature correction factors. Text for GPA 8217 as approved is included without technical change in this present
document. Some edits have been made to align flow charts with examples shown so that they may be consistent.

2 Scope

The actual standard represented by this report consists of the explicit implementation procedures. Sample tables,
flow charts, and specific examples created from a computerized version of these implementation procedures are
presented within. The examples are to provide guides and check points to those who wish to implement a
computerized procedure to represent the Standard, however these are not a part of the actual Standard.

This standard covers a 60 °F relative density range of 0.3500 to 0.6880 which nominally equates to a density at
15 °C of 351.7 kg/m3 to 687.8 kg/m3 and a density at 20 °C of 331.7 kg/m3 to 683.6 kg/m3. The temperature
range of this standard is —50.8 °F to 199.4 °F (46 °C to 93 °C). At all conditions, the pressure is assumed to be
at saturation conditions (also known as bubble point or saturation vapor pressure).

NOTE These are nominal ranges which are further refined within the standard by correlation limits to be the ranges bounded by
the points in Table 1:

Table 1—MPMS 11.2.4 Correlation Limits

Relative Lower Upper Lower Upper Lower Upper
Density Temperature | Temperature | Temperature | Temperature | Temperature | Temperature
(60 °F/60 °F) | Limit (°F) Limit (°F) Limit (°C) Limit (°C) Limit (K) Limit (K)
0.35000 -50.8 87.4 —46.0 30.8 227.15 303.93
0.35599 -50.8 88.9 —46.0 322 227.15 305.32
0.42928 -50.8 140.9 —46.0 60.5 227.15 333.65
0.47038 -50.8 174.8 —46.0 79.3 227.15 352.48
0.49935 -50.8 199.4 -46.0 93.0 22715 366.15
0.68800 -50.8 199.4 -46.0 93.0 22715 366.15

As shown in Figure 1, which follows:

Input range—the box defined in the scope of the standard as a (60 °F/60 °F) relative density of 0.35 to 0.688 and
—46 °C to 93 °C.

Correlation range—the polygon defined by line segments connecting the relative densities and critical temperatures
of the reference fluids in Table 1 of the standard for the upper boundary, —46 °C for the lower temperature boundary,
the relative density of EE (68/32) for the lower relative density boundary and the relative density of n-heptane for the
upper relative density boundary. See Figure 1 in this document for an illustration.

The calculation method was developed from GPA RR-148 “Volume Correction Factors for Natural Gas Liquids—
Phase 1I’['21 and API/ASTM/GPA Technical Publication, TP-25, September, 1998 [0, The implementation





