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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 any 
information or process disclosed in this publication. Neither API 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. API 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
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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.

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 Tx. Is the basic definition of CTL
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, 
relative density at a base temperature of 60 °F
relative density at the observed temperature, 
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/m3) 

A B C, ,
CTL
h2
k1 k2 k3 k4, , ,
TB
TBK
Tc
Tc ref,
TF
Tr x,
Tx
V60 VTx⁄
X
Zc
α β φ, ,
δ
τ
τx
γx
γx high,

γx low,

γx mid,

γx trial,
γTB TB
γ60
γTx Tx
γ60 high,
γ60 low,
γ60 mid,
γ60 trial,
ρc
ρ60
ρ15
ρ20
ρsat

ρ60
sat

ρT
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ρw60
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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 API 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 API 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 (CTL) and pressure (CPL) 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 [1] (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 [5], 
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” [6], 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.

— GPA TP-16 “Composite Pressure and Temperature Volume Correction Factor Tables for Liquefied Petroleum Gas 
(LPG) and Natural Gasoline” [8], 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 XII, Table 33 “Specific Gravity Reduction to 60 °F For 
Liquefied Petroleum Gases and Natural Gasoline” [9].
1
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— API MPMS Chapter 11.1-1980/ASTM D1250-80 Volume XII, Table 34 “Reduction of Volume to 60 °F Against 
Specific Gravity 60/60 °F For Liquefied Petroleum Gases”  [9].

— 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:

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 II” [12] and API/ASTM/GPA Technical Publication, TP-25, September, 1998 [10]. The implementation 

Table 1—MPMS 11.2.4 Correlation Limits

Relative 
Density 

(60 °F/60 °F)

Lower 
Temperature 

Limit (°F)

Upper 
Temperature 

Limit (°F)

Lower 
Temperature 

Limit (°C)

Upper 
Temperature 

Limit (°C)

Lower 
Temperature 

Limit (K)

Upper 
Temperature 

Limit (K)

0.35000 –50.8 87.4 –46.0 30.8 227.15 303.93

0.35599 –50.8 88.9 –46.0 32.2 227.15 305.32

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 93.0 227.15 366.15

0.68800 –50.8 199.4 –46.0 93.0 227.15 366.15
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procedures for Tables 23E and 24E are entirely consistent with those presented in API/ASTM/GPA Technical 
Publication, TP-27. Supporting data can be found in GPA RR-147 “Density Measurements on Natural Gas 
Liquids” [13]. GPA RR-133 “Volume Correction Factors for Natural Gas Liquids—Phase I” [14] should no longer be 
used, as GPA RR-148 completely replaced it.

The implementation procedures describe how to:

1) calculate the CTL given an appropriate density factor at the basis temperature and an observed temperature, 
and

2) calculate the appropriate density factor at basis temperature given a relative density at an observed 
temperature.

The implementation procedures are presented in pairs by base temperature. First the procedures for Tables 23E and 
24E at a 60 °F base temperature are given. The procedure for Table 23E makes use of the procedure described in 
Table 24E thus Table 24E is presented first. These are followed by procedures for Tables 54E and 53E at a base 
temperature of 15 °C which themselves make use of procedures in described in Tables 23E and 24E; these in turn 
are followed by the procedures for Tables 60E and 59E at a base temperature of 20 °C which also make use of 
procedures in described in Tables 23E and 24E.

Figure 1—MPMS 11.2.4 Boundaries
ment details: API MPMS 11.2.4 2019
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3 Significant Digits

It is intended that all future temperature correction factors be used with five decimal digits (e.g., 0.xxxxx or 1.xxxxx). 
As a result, this document contains CTL values with only five decimal digits. This is a departure from both the 1952 
“ASTM-IP Petroleum Measurement Tables” and GPA TP-16, which give either 3 or 4 decimal digits.

4 Comparison to the Previous Standards

As the 1952 ASTM-IP standard is limited to a low-end relative density of 0.50, a comparison can only be made at 
higher relative densities. The following charts show how the standards compare. The calculations are performed at 
10 °F and 5 °C increments. It can be noted that the deviation plots for the 0.50 to 0.59 relative densities (500 to 590 
kg/m3 densities) are “ragged” in appearance, while the deviation plots for the higher relative densities are 
“smooth.” This can mostly be attributed to the 1952 ASTM-IP Standard’s rounding method: CTL values under relative 
density 0.60 contain 3 decimal digits while CTL values greater than 0.600 contain 4 decimal digits. 

NOTE   Negative deviations indicate that the new table CTL is lower than the old (1952) ASTM table CTL. Positive deviations 
indicate that the new table CTL is higher than the old (1952) ASTM table CTL.  
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5  Implementation Procedures

The methods to calculate CTL from Tables 24E, 54E, and 60E and relative density at the base temperature from 
Tables 23E, 53E and 59E follow. These methods are called implementation procedures, which are similar to the 
methods described and found in American Petroleum Institute MPMS Chapter 11.1. 

All calculations are to be performed using double precision (i.e. long floating point, eight byte, or 64-bit) arithmetic. 
This should allow the computer program to recognize the difference between 1.0 and 1.0 + ε for absolute values of ε 
on the order of 10–16. 

Examples are presented for each of the procedures described, they cover the range of the tables. Even though 
double precision was used for these example calculations, only twelve decimal digits are printed here. If one uses 
these examples to test their own computer implementation of these procedures, it is suggested that at least eight of 
the significant digits be matched. The exceptions to this are for the variables α, β, A, B, and C of Table 23E (Section 
5.1.2). These may show greater deviation, but the resulting γ60,trial and γx,trial values should match within eight 
significant digits.

5.1 CTL (Table 24E) and Relative Density (Table 23E) for NGL and LPG using a 60 °F Base 
Temperature

5.1.1 Implementation Procedure for Table 24E (60 °F Basis)

This section presents the implementation procedure T24 for the computation of Temperature Correction Factor, CTL. 
The CTL is used to calculate volumes of fluid at the base temperature from volumes at some known measurement 
temperature. The fluids are characterized by the specification of relative density at the base temperature, 60 °F.
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5.1.1.1 Inputs and Outputs

Inputs: Relative density at 60 °F, γ60
Observed temperature, TF (°F)

Output: Temperature Correction Factor, CTL (from TF to TB)

5.1.1.2 Outline of Calculations

The calculations are performed using an extended two-fluid corresponding states equation. By comparing densities at 
60 °F, two reference fluids are selected so that one is slightly more dense, and one is slightly less dense than the 
observed fluid. The densities of these reference fluids are then scaled to the observed reduced temperature (reduced 
by the critical temperature of the fluid of interest). The Temperature Correction Factor is then computed from the 
reference fluid densities. See Figure 2 for a general flow chart of the calculation procedure.

5.1.1.3 T24 Implementation Procedure

T24/Step Number Operation/Procedure at that step

T24/1: Round the relative density γ60 to the nearest 0.0001 and round the observed temperature TF to 
the nearest 0.1 °F.

Temperature rounding examples: –0.05 rounds to –0.1; –0.049 rounds to 0.0, –0.051 rounds to 
–0.1. Density rounding examples follow: 0.35555 rounds to 0.3556, 0.355549 rounds to 
0.3555, 0.40289 rounds to 0.4029.

T24/2: Convert the rounded observed temperature to units of kelvin, Tx:

T24/3: The resultant temperature Tx and relative density γ60 must fall within the following ranges:

Temperature between 227.15 K and 366.15 K, inclusive (equivalent to –46 °C to 93 °C, or 
–50.8 °F to 199.4 °F)
Relative density between 0.3500 and 0.6880, inclusive.

If these values do not fall in these ranges, then the standard does not apply. Flag this result 
(possibly by returning a –1 for CTL) and exit this procedure.

T24/4: Determine the two adjacent reference fluids to be used for the calculations. The rounded 60 °F 
relative density γ60 will fit between two reference fluids’ 60 °F relative densities as listed in 
Table 2. Choose the lowest density reference fluid that has a density value greater than or 
equal to γ60 and refer to this fluid using the subscript “2.” Also use the next lowest density 
reference fluid and refer to this fluid using the subscript “1.”

T24/5: Using Table 2, 60 °F relative densities, compute the interpolation variable, δ:

T24/6: From Table 2 critical temperatures, calculate the fluid critical temperature, Tc:

Tx
TF 459.67+

1.8
-----------------------------=

δ
γ60 γ60 1,–

γ60 2, γ60 1,–
------------------------------=

Tc Tc 1, δ Tc 2, Tc 1,–( )+=
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T24/7: Compute the fluid’s reduced observed temperature, :

If the reduced temperature  is greater than 1.0, then the fluid is at supercritical conditions 
and cannot exist as a liquid. Flag this result (possibly by returning a –1 for CTL) and exit this 
procedure.

T24/8: Compute the reduced temperature at 60 °F, :

T24/9: From Table 2 critical compressibility factors, , and critical densities, , calculate the scaling 
factor, :

T24/10: Calculate the saturation density for both reference fluids at 60 °F using the 60 °F reduced 
temperature, . For each fluid, the equations to calculate the saturation density at any 
reduced temperature  are:

  

where the , , , and  parameters are different for each reference fluid and are listed in 
Table 2. Refer to the calculated density for the first reference fluid as  and for the second 
reference fluid as .

T24/11: Calculate the interpolating factor X:

T24/12: Obtain the saturation density for both reference fluids at reduced observed temperature  
using the procedure in Step T24/10. Refer to the calculated density for the first reference fluid as 

 and that for the second reference fluid as .

T24/13: Calculate the Temperature Correction Factor at the observed temperature, CTL:

T24/14: Round the Temperature Correction Factor CTL to the nearest 0.00001. Exit this procedure.

Tr x,

Tr x,
Tx
Tc
-----=

Tr x,

Tr 60,

Tr 60,
519.67
1.8Tc

----------------=

Zc ρc
h2

h2
Zc 1, ρc 1,×
Zc 2, ρc 2,×
--------------------------=

Tr 60,
Tr

τ 1 Tr–=

ρsat ρc 1
k1 τ0.35×( ) k3 τ2×( ) k4 τ3×( )+ +

1 k2 τ0.65×( )+
----------------------------------------------------------------------------------+

 
 
 

=

k1 k2 k3 k4
ρ60 1,
sat

ρ60 2,
sat

X
ρ60 1,
sat

1 δ+
ρ60 1,
sat

h2 ρ60 2,
sat×

------------------------- 1–
 
 
 

---------------------------------------------------=

Tr x,

ρx 1,
sat ρx 2,

sat

CTL
ρx 1,
sat

X 1 δ+
ρx 1,
sat

h2 ρx 2,
sat×

---------------------- 1–
 
 
 

----------------------------------------------------------=
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Figure 2—Flow Chart of Implementation Procedure for Table 24E
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Table 2—Reference Fluid Parameters

No. Fluid Name

1 EE (68/32) a 0.325022 298.11 0.27998 6.250 2.54616855327 –0.058244177754 0.803398090807 –0.745720314137

2 Ethane 0.355994 305.33 0.28220 6.870 1.89113042610 –0.370305782347 –0.544867288720 0.337876634952

3 EP (65/35) b 0.429277 333.67 0.28060 5.615 2.20970078464 –0.294253708172 –0.405754420098 0.319443433421

4 EP (35/65) c 0.470381 352.46 0.27930 5.110 2.25341981320 –0.266542138024 –0.372756711655 0.384734185665

5 Propane 0.507025 369.78 0.27626 5.000 1.96568366933 –0.327662435541 –0.417979702538 0.303271602831

6 i-Butane 0.562827 407.85 0.28326 3.860 2.04748034410 –0.289734363425 –0.330345036434 0.291757103132

7 n-Butane 0.584127 425.16 0.27536 3.920 2.03734743118 –0.299059145695 –0.418883095671 0.380367738748

8 i-Pentane 0.624285 460.44 0.27026 3.247 2.06541640707 –0.238366208840 –0.161440492247 0.258681568613

9 n-Pentane 0.631054 469.65 0.27235 3.200 2.11263474494 –0.261269413560 –0.291923445075 0.308344290017

10 i-Hexane 0.657167 498.05 0.26706 2.727 2.02382197871 –0.423550090067 –1.152810982570 0.950139001678

11 n-Hexane 0.664064 507.35 0.26762 2.704 2.17134547773 –0.232997313405 –0.267019794036 0.378629524102

12 n-Heptane 0.688039 540.15 0.26312 2.315 2.19773533433 –0.275056764147 –0.447144095029 0.493770995799

NOTE 1  is the fluid relative density at 60 °F and saturation pressure.

NOTE 2   is the fluid critical temperature in kelvin.

NOTE 3   is the fluid critical compressibility factor.

NOTE 4   is the fluid critical density (kmol/m3).

NOTE 5  , , , and  are saturation density fitting parameters.

a EE (68/32) denotes a 68 mole % ethane + 32 % ethylene mixture.

b EP (65/35) denotes a 65 mole % ethane + 35 % propane mixture.

c EP (35/65) denotes a 35 mole % ethane + 65 % propane mixture.

γ60 Tc Zc ρc k1 k2 k3 k4

γ60

Tc

Zc

ρc

k1 k2 k3 k4
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5.1.1.4 Examples for Section 5.1.1 (Table 24E)

(See Table 2 for properties of the Reference Fluids)
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5.1.2 Implementation Procedure for Table 23E (60 °F Basis)

This section presents the implementation procedure T23 for calculating the relative densities of NGLs and LPGs at a 
base condition of 60 °F from known temperatures and densities.

In the past, a hydrometer correction option was allowed to correct for the expansion of the glass comprising a 
hydrometer stem. The hydrometer correction previously took the following form:

Observed densities determined by a glass hydrometer require correction for the effect of temperature on the 
instrument. Readings from most density meters do not. If the density was determined with a glass hydrometer, then a 
correction for the expansion or contraction of the glass must be made. Call the rounded observed relative density the 
uncorrected relative density . Calculate the corrected relative density,  from:

The value of  was not rounded prior to use [10].

Density readings must be corrected for the effect of temperature on the instrument prior to entering the density into 
the following implementation procedure.

5.1.2.1 Inputs and Outputs

Inputs: Relative density at observed temperature, 
Observed temperature,  (°F)

Output: Relative density at 60 °F, 

5.1.2.2 Outline of Calculations

The calculations are performed using an extended two-fluid corresponding states equation. Two reference fluids are 
found that are slightly denser and slightly less dense than the observed fluid by comparing their densities at the 
observed temperature. Iteration must be performed to determine the value of the fluid’s relative density at 60 °F such 
that when the Temperature Correction Factor is applied, the observed relative density is obtained. The “guessed” 
value for the fluid’s relative density at 60 °F is constrained to lie between the relative densities at 60 °F of these two 
reference fluids (as upper and lower bounds). As the iterations progress, these upper and lower bounds are “brought 
together” based upon intermediate calculations.

See Figure 3 for a general flow chart of the calculation procedure.

5.1.2.3 T23 Implementation Procedure

T23/Step Number Operation/Procedure at that step

T23/1: Round the relative density  to the nearest 0.0001 and round the observed temperature  
to the nearest 0.1 °F.

Temperature rounding examples follow: –0.05 rounds to –0.1; –0.049 rounds to 0.0, –0.051 
rounds to –0.1. Density rounding examples follow: 0.35555 rounds to 0.3556, 0.355549 rounds 
to 0.3555, 0.40289 rounds to 0.4029.

T23/2: Convert the rounded observed temperature to units of kelvin, :

 

γx
* γx

γx 1 0.00001278 TF 60–( )– 0.0000000062 TF 60–( )2–[ ]γx
*=

γx

γx
TF

γ60

γx TF

Tx

Tx
TF 459.67+

1.8
-----------------------------=
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T23/3: Check the values of temperature and relative density to ensure that they are in the proper 
range. The observed temperature  and relative density  must fall within the following 
ranges:

Temperature between 227.15 K and 366.15 K, inclusive (equivalent to –46 °C to 93 °C, or 
–50.8 °F to 199.4 °F).
Relative density between 0.2100 and 0.7400 inclusive.

If these values do not fall in these ranges, then the standard does not apply. Flag this result 
(possibly by returning a –1 for ) and exit this procedure.

T23/4: Reference fluids must be chosen to perform the density calculations. As written here, this is 
done in two separate steps: T23/4 to compute the density for each reference fluid at the 
observed temperature and T23/5 to determine which two reference fluids are to be used. 
However, Steps 4 and 5 could be combined into a single step (e.g. using a binary search 
technique).

The reference fluids’ densities are to be calculated at the observed temperature, . Use the 
reference fluids’ parameter values from Table 2. First, use each reference fluid’s critical 
temperature, , to compute its reduced observed temperature, :

 

If , calculate the saturation density for this reference fluid at this reduced temperature 
. Use the procedure as described in Section 5.1.1.3 Step T24/10. Refer to this calculated 

density for the reference fluid as . Repeat this for 60 °F using the reduced temperature 
:

 

Refer to this calculated density as . Finally, calculate its relative density at the 
observation temperature, , as:

 

where  is the reference fluid’s relative density at 60 °F.

If , this reference fluid will not be a liquid at this observed temperature and no value of 
 can be calculated. It is suggested that this type of “no value” case be flagged by 

returning any negative value for , such as the additive inverse of  (by multiplying 
 by –1).

T23/5: Determine the two adjacent reference fluids to be used for the calculations. Choose the lowest 
density reference fluid that has a density value greater than  and refer to this fluid using the 
subscript “2.” Also, use the next lowest density reference fluid and refer to this fluid using the 
subscript “1” (even though this reference fluid may not exist as a liquid at the observation 
temperature). If  is below that for “EE 68/32” (the least dense reference fluid), then set “EE 68/
32” as fluid “1” and “ethane” as fluid “2.” If  is above that for “n-heptane” (the most dense 
reference fluid), then set “n-hexane” as fluid “1” and “n-heptane” as fluid “2.”

Tx γx

γ60

Tx

Tc ref, Tr x,

Tr x,
Tx
Tc ref,
--------------=

Tr x, 1≤
Tr x,

ρx ref,
sat

Tr 60,

Tr 60,
519.67

1.8Tc ref,
---------------------=

ρ60 ref,
sat

γx ref,

γx ref, γ60 ref,
ρx ref,
sat

ρ60 ref,
sat

----------------
 
 
 

=

γ60 ref,

Tr x, 1>
γx ref,

γx ref, γ60 ref,
γ60 ref,

γx

γx
γx
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T23/6: Initialize the boundaries on the iteration for the observed fluid’s 60 °F relative density. For most 
cases, the observed fluid’s 60 °F relative density should be between the two reference fluids 
“1” and “2,”  and .

Initialize the upper boundary for the observed fluid’s 60 °F relative density, , as:

and the corresponding relative density at the observed temperature, , as:

However, if the relative density  is greater than the reference fluid “2” relative density at the 
observed temperature , then no answer exists. If this is the case, then  should be 
flagged (perhaps by being set to –1) and exit this procedure.

Initialize the lower boundary for the observed fluid’s 60 °F relative density, , as:

and the corresponding relative density at the observed temperature, , as:

However, if reference fluid “1” is not a liquid at the observed temperature (i.e.  for the 
reference fluid), then set the lower boundary convergence 60 °F relative density by the 
following equation:

 

This equation was derived from equations in Section 5.1 at a reduced temperature of 1.0.

If  is less than 0.3500, then set it equal to 0.3500.

If  has been reset using the preceding technique then recalculate the corresponding 
 value. Use the procedure in Section 5.1.1.3 Steps T24/4 through T24/13 to calculate its 

Temperature Correction Factor, CTL. Skip Step 24/14 to avoid rounding the output CTL. The 
relative density at the observed temperature will be:

At this point, upper and lower convergence boundaries have been set. After one more check, 
the iterative process to determine a 60 °F relative density  can begin. If the observed 
relative density  is less than the lower limit , then no answer exists. If this is the case, 
then  should be flagged (perhaps by being set to –1) and exit this procedure.

T23/7: Calculate an intermediate 60 °F relative density value, . If a value for  exists, 
then calculate  from:

 

γ60 1, γ60 2,

γ60 high,

γ60 high, γ60 2,=

γx high,

γx high, γx 2,=

γx
γx 2, γx 60,

γ60 low,

γ60 low, γ60 1,=

γx low,

γx low, γx 1,=

Tr x, 1>

γ60 low,
Tx Tc 1,–
Tc 2, Tc 1,–
-------------------------- γ60 2, γ60 1,–( ) γ60 1,+=

γ60 low,

γ60 low,
γx low,

γx low, CTL γ60 low,×=

γ60
γx γx low,

γ60

γ60 mid, γ60 low,
γ60 mid,

δ
γx γx low,–

γx high, γx low,–
-------------------------------------=
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If δ is less than 0.001 then set it equal to 0.001; if δ is greater than 0.999 then set it equal to 
0.999. Calculate the intermediate 60 °F relative density value:

However, if a value for  does not exist, then calculate  from:

 

Calculate the Temperature Correction Factor, , using this value of  and , 
unrounded, and the procedure from Section 5.1.1.3 Steps T24/5 to T24/13. (Do not round this 

 value.) The relative density,  at observed temperature, , will be:

T23/8: Check for convergence of the 60 °F relative density. The calculations will be considered 
converged if either occurs:

— If  is between  and  and the difference between  and  is 
less than 0.00000001 (10 –8).

— If  is between  and  and the difference between  and  is 
less than 0.00000001 (10 –8).

If convergence has been achieved, set:

and skip to Step T23/12.

T23/9: There are three pairs of relative density values: ,  and 
. A quadratic equation can be fit through these three points. This quadratic 

equation should be a good approximation to the actual relationship between  and . Using 
the value of the observed relative density  in the quadratic equation should give a very good 
estimate to .

Calculate the parameters for the quadratic equation by:

 

γ60 mid, γ60 low, δ γ60 high, γ60 low,–( )+=

γx low, γ60 mid,

γ60 mid,
γ60 high, γ60 low,+

2
-------------------------------------------=

CTL γ60 mid, Tx

CTL γx mid, Tx

γx mid, CTL γ60 mid,×=

γx γx low, γx mid, γ60 low, γ60 mid,

γx γx high, γx mid, γ60 high, γ60 mid,

γ60 γ60 mid,=

γx low, γ60 low,,( ) γx mid, γ60 mid,,( )
γx high, γ60 high,,( )

γx γ60
γx

γ60

α γ60 high, γ60 low,–( )=

β γx high,
2 γx low,

2–=

φ
γx high, γx low,–
γx mid, γx low,–
-------------------------------------=

A
α φ– γ60 mid, γ60 low,–( )

β φ– γx mid,
2 γx low,

2–( )
----------------------------------------------------------=
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Using these values of A, B, and C, calculate the associated value  using:

 

This value of  may have to be adjusted if it goes outside of the range of  or 
. If , then reset the value as:

 

If  then reset the value as:

 

Finally, calculate the Temperature Correction Factor, , using the value of  and the 
procedure from Section 5.1.1.3 Steps T24/4 to T24/13. Skip Step 24/14 to avoid rounding the 
output . The relative density at observed temperature, , will be:

T23/10: Check for convergence of the 60 °F relative density. The calculations will be considered 
converged if the absolute difference between  and  is less than 0.00000001 (10–8). If 
converged, set:

and skip to Step T23/12.

T23/11: The calculation has not yet converged, so the iteration boundaries must be updated.

If  then reset the upper boundaries to:

Also, if  then reset the lower boundaries to:

Or if  then reset the lower boundaries to:

B α A– β
γx high, γx low,–
-------------------------------------=

C γ60 low, Bγx low,– Aγx low,
2–=

γ60 trial,

γ60 trial, Aγx
2 Bγx C+ +=
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γx mid, γx low,–( )
----------------------------------------------------------------------------+=
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------------------------------------------------------------------------------+=

CTL γ60 trial,

CTL γx trial,

γx trial, CTL γ60 trial,×=

γx trial, γx

γ60 γ60 trial,=

γx trial, γx>
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Also, if  then reset the upper boundaries to:

Return to Step T23/7 and continue iterations. Do at most 10 iterations. If 10 iterations are 
reached, then no solution can be found. Flag this result (possibly by returning a –1 for ) and 
exit this procedure.

NOTE   At this time, all known cases have been found to require less than 10 iterations.

T23/12: Round the 60 °F relative density value  to the nearest 0.0001. If the value is less than 
0.3500 or greater than 0.6880, then the result is outside the scope of this standard. Flag result 
(possibly by returning a –1 for ). Exit this procedure. 

γx mid, γx>

γx high, γx mid,=

γ60 high, γ60 mid,=

γ60

γ60

γ60
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Figure 3—Flow Chart of Implementation Procedure for Table 23E
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Figure 3—Flow Chart of Implementation Procedure for Table 23E (Continued)
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5.1.2.4 Examples for Section 5.1.2 (Table 23E)

(See Table 2 for properties of the Reference Fluids)
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