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SPECIAL NOTES

 

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

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to
warn and properly train and equip their employees, and others exposed, concerning health
and safety risks and precautions, nor undertaking their obligations under local, state, or fed-
eral laws.

Information concerning safety and health risks and proper precautions with respect to par-
ticular materials and conditions should be obtained from the employer, the manufacturer or
supplier of that material, or the material safety data sheet.

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 prod-
uct covered by letters patent. Neither should anything contained in the publication be con-
strued as insuring anyone against liability for infringement of letters patent.

Generally, API standards are reviewed and revised, reafÞrmed, or withdrawn at least every
Þve years. Sometimes a one-time extension of up to two years will be added to this review
cycle. This publication will no longer be in effect Þve years after its publication date as an
operative API standard or, where an extension has been granted, upon republication. Status
of the publication can be ascertained from the API Standards department telephone (202)
682-8000. A catalog of API publications, programs and services is published annually and
updated biannually by API, and available through Global Engineering Documents, 15 Inv-
erness Way East, M/S C303B, Englewood, CO 80112-5776. 

This document was produced under API standardization procedures that ensure appropri-
ate notiÞcation and participation in the developmental process and is designated as an API
standard. Questions concerning the interpretation of the content of this standard or com-
ments and questions concerning the procedures under which this standard was developed
should be directed in writing to the Director of the Standards department, American Petro-
leum Institute, 1220 L Street, N.W., Washington, D.C. 20005. Requests for permission to
reproduce or translate all or any part of the material published herein should be addressed to
the Director, Business Services.

API standards are published to facilitate the broad availability of proven, sound engineer-
ing and operating practices. These standards are not intended to obviate the need for apply-
ing sound engineering judgment regarding when and where these standards should be
utilized. The formulation and publication of API standards 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 prod-
ucts do in fact conform to the applicable API standard.

 

All rights reserved. No part of this work may be reproduced, 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, 1220 L Street, N.W., Washington, D.C. 20005.

 

Copyright © 2003 American Petroleum Institute
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FOREWORD

 

API publications may be used by anyone desiring to do so. Every effort has been made by
the Institute to assure 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 federal, state, or municipal regulation with which this
publication may conßict.

Suggested revisions are invited and should be submitted to API, Standards department,
1220 L Street, NW, Washington, DC 20005.
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1

 

Chapter 11—Physical Properties Data

Section 4—Properties of Reference Materials

Part 1—Density of Water and Water Volumetric Correction Factors 
for Water Calibration of Volumetric Provers

 

1 Introduction

 

This Standard speciÞes the density of water to be used in
all applicable API 

 

MPMS

 

 Standards. It also speciÞes the vol-
ume correction factor equation for water and demonstrates its
use for water calibration of volumetric provers (see API

 

MPMS

 

 Chapters 12.2.1, 12.2.3).

 

2 Scope

 

This standard is applicable to all API Standards that use the
density of water or its volume correction factors.

 

3 References

 

H. Wagenbreth and H. Blanke, ÒThe Density of Water in
the International System of Units and in the Interna-
tional Practical Temperature Scale of 1968,Ó

 

Mitteilungen der Physikalish-Technischen Bunde-
sanstalt (PTB–Mitt)

 

, 412Ð415, June 1971.
G.S. Kell, 

 

Journal of Chemical Engineering Data,

 

 1967,
12, 66Ð69; ibid, 1975, 20, 97Ð105.

N. Bignell, ÒThe Effect of Dissolved Air on the Density of
Water,Ó 

 

Metrologia,

 

 1983, 19, 57Ð59.
J.B. Patterson and E.C. Morris, ÒMeasurement of Absolute

Water Density,Ó 

 

Metrologia,

 

 31, 277Ð288, 1994.
M. Tanaka, G. Girard, R. Davis, A. Peuto and N. Bignell,

ÒRecommended table for the density of water
between 0¡C and 40¡C based on recent experimen-
tal reports,Ó 

 

Metrologia,

 

 38, 301Ð309, 2001.

 

4 Definitions

 

4.1 density, absolute:

 

 The density of a solid or liquid
substance at a speciÞed temperature is the mass of the sub-
stance occupying a unit of volume at the speciÞed tempera-
ture. Density so deÞned is sometimes referred to as Òtrue
densityÓ or as Òdensity in vacuo.Ó When reporting density, the
units of mass and volume used and the temperature of the
determination must be stated (for example, grams per millili-

ter at 15¡C). Density is assumed to be for water at atmo-
spheric pressure unless otherwise stated.

 

4.2 volume correction factor (VCF):

 

 The density of a
liquid at temperature

 

 t

 

 divided by its density at a chosen ref-
erence temperature. Multiplying a liquidÕs volume mea-
sured at temperature 

 

t

 

 by the VCF provides the volume of
the liquid at the chosen reference temperature. Volume Cor-
rection Factors are assumed to be for water at atmospheric
pressure unless otherwise stated. Certain API 

 

MPMS

 

 Chap-
ters call this factor CTDW.

 

5 Implementation Procedures

 

The implementation procedures below are the standard.
Representative density values are presented in the Appendix
A for programming veriÞcation purposes only.

 

5.1 ABSOLUTE DENSITY OF WATER

 

The previous standard (API 

 

MPMS

 

 11.2.3, 1984), which
this Standard replaces, was based on the internationally
accepted work of Wagenbreth and Blanke, which produced a
density of 999.012 kg/m

 

3

 

 at 60¡F. In 1994, Patterson and
Morris published a paper proposing a new equation based on
their laboratory data of VSMOW (see Appendix B), which
was accepted by the NIST (National Institute of Standards
and Technology). In 2001, a review (Tanaka, 

 

et al.

 

) proposed
a new equation regressed from the data of several researchers
(including that of Patterson and Morris). Although they are
aware of this paper, the NIST at this writing has chosen to
continue to accept the work of Patterson and Morris. This
Standard is therefore based on that same work, applicable
between 1¡C and 40¡C (see Appendix C).

The following equation expresses the density of water as a
function of temperature in degrees Celsius:

(1)rtC r0 1 ADt BDt2 CDt3 DDt4 EDt5+ + + +( )Ð[ ]=
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