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Nothing contained in any API publication is to be construed as granting any right,
by implication or otherwise, for the manufacture, sale, or use in connection with any
method, apparatus, or product covered by letters patent nor as indemnifying any- .
one from or against any liability for infringement of letters patent,

This publication may be used by anyone desiring to do so. The Institute hereby
expressly disclaims any liability or responsibility for loss or damage resulting from
its use; for the violation of any federal, state, or municipal regulation with which an
API publication may conflict; or for the infringement of any patent resulting from
the use of an API publication. Every effort has been made by the Institute to assure
the accuracy and reliability of the data presented.
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FOREWORD

This publication provides tables for calibrating volumetric provers. The parallel
publication in metric (SI) units is MPMS 11.2.3M.

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

Suggested revisions are invited and should be submitted to the director, Mea-
surement Coordination Department, American Petroleum Institute, 1220 L Street,
N.W., Washington, D.C. 20005.
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Chapter 11—Physical Properties Data

SECTION 2—VOLUME CORRECTION FACTORS FOR METER PROVING AND
HYDROCARBON COMPRESSIBILITY FACTORS

11.2.3 Water Calibration of Volumetric
Provers

11.2.3.1 SCOPE

This standard is for use in the water calibration of
volumetric provers. It contains volume correction fac-
tors related to prover temperature and the difference in
temperature between the prover and a certified test
measure. The corresponding metric (SI) version is
Chapter 12.2.3M.

11.2.3.2 HISTORY AND DEVELOPMENT

The previous standard (API Standard 1101, Appen-
dix B, Table I) was based on water density data from the
Smithsonian Institution. The old standard was devel-
oped without the aid of a mathematical model and was
limited in temperature increments and number of deci-
mal digits.

In 1981, a working group of the Committee on Static
Petroleum Measurement was set up to revise this stan-
dard. They decided to use the internationally accepted
water density versus temperature equation of H.
Wagenbreth and H. Blanke [1]. This equation is cur-
rently used by the National Bureau of Standards to
calibrate test measures. The National Bureau of Stan-
dards, however, plans to switch to the equation devel-
oped by G. S. Kell [2]. Evaluation of these two equa-
tions showed that calculated water densities can differ
by two parts in a million, for example, 999.012 versus
999,014 kilograms per cubic meter, respectively, for the
density of water at 60°F. However, the volumetric cor-
rection factors (density ratios) presented in this stan-
dard are essentially invariant of either equation for the
temperature range of the standard.

11.2.3.3 TYPE AND LIMITS OF THE STANDARD

The actual standard is the printed table that follows
this text. The mathematical equation used to generate
this table should not be considered the standard. The
equation, however, can be used to develop subroutines
to duplicate the results in the printed table. Such an
effort will require a computer with a minimum floating
point precision of eleven digits. Also, a computer tape
is available through API that contains the same infor-

mation as the printed table. It can be employed in the
development of various subroutines.

The table consists of two parts. In both parts, the
limits are 35 to 105°F in prover temperature and 32.1 to
105°F in measure temperature. This range is essentially
the same as that of the Wagenbreth equation. Hence,
extrapolation outside this range is not recommended.
All volumetric correction factors (water density ratios)
are recorded to six decimal figures, and volume cor-
rection factors are given for measure temperatures
lower than and higher than prover temperatures.

In the first part of the table, the increments in prover
temperatures are 0.1°F. Likewise, the inctements be-
tween the prover and measure temperatures are 0.1°F
with a maximum difference of 3.0°F.

In the second part of the table, increments of prover
temperature and prover-measure difference tempera-
tures are 1.0°F. Maximum prover-measure temperature
difference in this part is 10.0°F. This part of the table is
for use in nontypical operations where the difference
between prover and measure temperatures exceeds
3.0°F. If interpolation in this part becomes necessary,
use of the Wagenbreth equation is recommended in a
computer procedure that duplicates the first part of the
table. Linear interpolation of this second part of the
table is not recommended. Also, temperature in-
crements of 0.1°F and larger only are recommended.

11.2.3.4 EXAMPLE USE OF THE STANDARD

In this standard, the volume correction factors will be
used in the normal manner (* denotes multiplication):

Vp=Vm * Cugw

Where:
V,=prover volume.
V.. = measure volume.
C.4 = volume correction factor.

As an example, assume a measure volume of 49.985
gallons and prover and measure temperatures of 80.7
and 83.0°F, respectively. For a measure temperature
2.3°F higher than the prover temperature (83.0 — 80.7),
the C,,, from the table is 0.999639. Hence,

V,=49.985 % 0.999639 = 49.967 gallons
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2 CHAPTER 11—PHYSICAL PROPERTIES DATA

For additional examples and more details, see Manual
of Petroleum Measurement Standards, Chapter 12.2.

11.23.5 MATHEMATICAL MODEL FOR THE
STANDARD

The Wagenbreth equation used to develop this stan-
dard is:

RHO = 999.8395639 + 0.06798299989+T
— 0.009106025564+ T
+ 0.0001005272999+ T*
—0.000001126713526+T*
+ 0.000000006591795606+ T*

Where:
RHO = water density, in kilograms per cubic meter.
T = temperature, in °C and equals (temperature
°F - 32.0)/1.8.
The volume correction factor in this standard is the
ratio of two water densities, that is:

Cldw = RHOTM /RHOTP = Vp/Vm

Where:
TM = measure temperature,
TP = prover temperature.

In developing this standard, a 48-bit word size computer
was used with full floating point precision. In each step
of the calculations, the returned number contained
eleven significant digits after exponential scaling. In the
last step of the computation, the C,, was rounded to six
significant digits to the right of the decimal point. In the
development of other computer subroutines, equal or

greater accuracy will have to be employed to exactly
duplicate the printed table, which is the standard.

11.2.3.6 UNCERTAINTY ANALYSIS

Using the Wagenbreth equation yields a maximum
uncertainty in any C,, value of = 0.000007. As men-
tioned previously, the use of the Wagenbreth versus the
Kell equation essentially does not yield any differences
in Cy, values. That is, Cy, values via the two equations
will differ by less than 0.0000005 within the temperature
range of the standard. However, on rounding to six
decimal places, less than 9 percent of equivalent table
entries could differ by = 0.000001. Therefore, it is not
recommended that the Kell equation be used to dupli-
cate the standard. However, the Kell equation is sug-
gested for calculating C,, values for temperatures
above the maximum of the standard.

11.2.3.7 REFERENCES

1. Wagenbreth, H., and Blanke, H., “The Density of
Water in the International System of Units and in the
International Practical Temperature Scale of 1968,”
Mitteilungen der Physikalish-Technischen Budnesanstalt
(PTB-Mirt), p. 412-415, June 1971,

2. Kell, G. S., “Density, Thermal Expansion, and
Compressibility of Liquid Water from 0° to 150°C: Cor-
relations and Tables for Atmospheric Pressure and
Saturation Reviewed and Expressed in 1968 Tempera-
ture Scale,” Journal of Chemical and Engineering Data,
Vol. 20, pp. 97-105, 1975.
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