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FOREWORD

This publication provides tables to correct hydrocarbon volumes metered under pressure
to corresponding volumes at the equilibrium pressure for the metered temperature. The
paralle]l publication in customary units is the Manual of Petroleum Measurement Stan-
dards, Chapter 11.2.2.

The table presented in this volume is also available from API as a computer tape,
along with a manual containing the text information in this publication.

Suggested revisions are invited and should be submitted to the director, Measurement
Coordination Department, American Petroleum Institute, 1220 L Street, N.W., Wash-
ington, D.C. 20005.
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SECTION 2—VOLUME CORRECTION FACTORS FOR METER PROVING AND
HYDROCARBON COMPRESSIBILITY

11.2.2M Compressibility Factors for
Hydrocarbons: 350-637
Kilograms per Cubic Metre
Density (15°C) and —46°C to
60°C Metering Temperature

11.2.2.1M SCOPE

The purpose of this standard is to correct hydrocarbon
volumes metered under pressure to the corresponding vol-
umes at the equilibrium pressure for the metered tempera-
ture. This standard contains compressibility factors related
to the meter temperature and density at 15°C of the metered
material. The corresponding customary version is Chapter
11.2.2.

11.2.2.2M HISTORY AND DEVELOPMENT

The previous API standard for hydrocarbon compressi-
bility, Standard 1101, Measurement of Petroleum Liquid
Hydrocarbons by Positive Displacement Meter, was devel-
oped from graphical correlations prepared in 1945. This
standard was based on limited data with only a few points
for pure fluids in the range from propane to pentane. No
lighter mixtures and no effect of pressure on the compress-
ibility factor were considered. In addition, no metric (SI)
version was available.

In 1981, the Committee on Static Petroleum Measurement
formed a subcommittee, the Hydrocarbon Compressibility
-Group, to revise the compressibility tables of Standard 1101.
As a result of an extensive literature survey, the data base
found for the relative density portion of the table covers a
broader range than that used in Standard 1101 but is lacking
in data for unsaturated hydrocarbons. The data base was
used to develop a mathematical model that includes the
effect of pressure on the compressibility factor. The printed
table produced from the model is the standard. This standard
replaces the discontinued Standard 1101 and the first edition
of Chapter 11.2.2, Compressibility Factors for Hydrocar-
bons: 0.500-0.611 Relative Density Range and 20-128°F.

11.2.2.3M TYPE OF STANDARD AND LIMITS

The actual standard is the printed table of 251 pages that
follows this text. The increments used in the table are 0.25°C
and 2 kilograms per cubic metre. Interpolation to 1 kilogram
per cubic metre in density is allowed. Compressibilities are
in the usual units of reciprocal kilopascals but are calculated
from two terms, A and B, and the pressure difference from

equilibrium, D,. This is necessary to obtain the desired
accuracy in volume because of the important effect of pres-
sure on the compressibility factor for light hydrocarbons.
The range of the table is from —46°C to 60°C and from
350 to 637 kilograms per cubic metre density (15°C), for
use with pressure differences above equilibrium from 0 to
15,200 kilopascals.

The equation used to generate the table is given for those
who wish to duplicate the table using their specific computer
and language. Identical table information is available on a
computer tape. The use of this computer tape to verify
individually developed computer subroutines is highly rec-
ommended.

11.2.24M EXAMPLE USE OF THE STANDARD

In this standard, the compressibility factor () is used in
the normal manner for volume correction (* denotes mul-
tiplication):

Co = Vo/Vy, = Ul — F % Dy)
Where:

= correction factor for pressure.

= volume at the equilibrium (bubble point)
pressure, P..

Vi = volume at the meter pressure, P,.
D, =P, — P,

p!

=
|

P, and P, may be in either kilopascals gage or kilopascals
absolute, but both must be in the same units.

As an example, calculate the volume at equilibrium pres-
sure of 1000 cubic metres (V) of a material with a density
(15°C) of 530.4 kilograms per cubic metre metered under
a pressure of 5000 kilopascals at a temperature of 5.1°C.
The equilibrium pressure (P,) for this material at 5.1°C is
450 kilopascals. The rounded density and temperature val-
ues of 530 kilograms per cubic metre and 5.0°C yield an A
factor of 281,093 and a B factor of 5.504. The compress-
ibility factor (F) is calculated as follows:

F = /(A + D, % B)
1/[281,093 + (5000 — 450) * 5.504]
0.000003267

The value for F is rounded to the ninth decimal place, to
the maximum of four significant digits. ’

Il
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Then,

Cp = U[1.0 — 0.000003267 * (5000 — 450)]
= 1.0151
The value for Cy, is rounded to the maximum of four decimal
places.
Ve = Vm * Cpl
1000 = 1.0151
= 1015.1 cubic metres

The value for V, is rounded to the nearest 0.1 cubic metre.

11.2.2.5M DATA BASE

An initia] 2278 data points were obtained from the lit-
erature for pure fluid compounds and mixtures of light hy-
drocarbon liquids. These data were examined to eliminate
data for gases, data with large errors, and data with other
abnormalities. The final data base used in this standard
consists of 1724 data points from 13 sources (see Table 1).
This metric standard was derived from the data base in U.S.

customary units, so all discussion of the data base is limited
to customary units.

The ranges of the experimental data were relative den-
sities (60°F/60°F) from 0.3477 to 0.6312, temperatures from
— 28°F to 160°F, and pressure differences from 41 to 2036
pounds per square inch gage (see Figure 1). The actual
ranges for the standard, as determined by an API survey,
are relative densities (60°F/60°F) from 0.350 to 0.637, tem-
peratures from —50°F to 140°F, and pressure differences
from 0 to 2200 pounds per square inch gage. Hence, some
portions of the standard represent extrapolated results. The
uncertainty analysis presented in 11.2.2.7M may not be
valid for these extrapolated portions. For the lower relative
densities, 140°F is above the pseudocritical temperature at
which liquid exists. For these fluids, the range is restricted
to 96 percent of the pseudocritical temperature.

The data set contains 46 different mixtures of normal
hydrocarbons from methane to decane. The compositions
of the mixtures are listed in Table 2. The use of the standard
for compositions not close to those in the data base repre-
sents an extrapolation whose results may have a greater
uncertainty.

Table 1—Summary of Data Base

Pressure
Relative (pounds Number
Density Temperature per square of Data
Sample (60°/60°F) (3] inch gage) Points References

NGPA/TP2 0.35-0.61 32-140 180~-2000 455 12
NGPA/TP1 0.35-0.51 40-130 150-2000 218 21
Cal Tech 0.50-0.63 70-160 100-2000 157 9, 10, 13, 14, 15, 16, 17
Tulsa 0.35-0.51 —20-120 1001500 542 1
Manley/Swift 0.508 ~20-100 300-1600 13 8
Pope 0.356 —25-63 198-1788 36 11
Straty 0.356 —28--66 320-2200 67 18
Douslin 0.356 —13-32 460-2100 5 3
Dittmar 0.508 32-140 140-2120 33 2
Haynes 0.51-0.58 —28-80 242-2040 81 5,6,7
Ely 0.508 —28-100 121-2130 57 4
Thomas 0.508 32-122 121-1477 50 20
-Teichmann 0.508 122-149 400-1465 10 19






