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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of
national standards institutes {ISO member bodies). The work of developing Inter-
national Standards is carried out through ISO technical committees. Every member
body interested in a subject for which a technical committee has been set up has the

right to be represented on that committee. International organizations, governmental

~ and non-governmental, in liaison with ISO, also take part in the work.

Draft International Standards adopted by the technical committees are circulated to
the member bodies for approval before their acceptance as International Standards by
the I1ISO Council.

International Standard 1SO 91/1 was developed by Technical Committee ISO/TC 28,
Petroleumn products and lubricants, and lwas( circulated to.the member bodies in
November 1980.
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Petroleum measurements tables —
Part 1 : Tables based on reference temperatures of 15 °C

and 60 °F

0 Introduction

The tables referred to in the previous edition of ISO/R 91 were’

developed during the late 1940's and were based on data for
crude petroleum and petroleum fractions published in 1916.

T ome later data on natural gasolines reported in 1942 were also

sed. The revised tables referred to in the present revision were
prepared by the American Petroleum Institute following the
development of a new data base by the National Bureau of
Standards (USA). This study included the examination of 463
samples of crude oil and refined products. The samples
represented 67 % of world crude petroleum production and
68 % of the estimated reserves in 1974,

.

1 Scope and field of application

-

This part of ISO 91 refers to petroleum measurement: tables
based on reference temperatures of 15°°C"and 60 °F.1

The standard reference temperature for petroleum measure-
ment adopted in 1ISO 5024 is 15 °C, and should be used for in-
ternational trade. However, it is recognized that its use is not
yet universally accepted and references to tables based on
60 °F have therefore been included in this part of ISO 91 and

W ables based on 20 °C are covered in ISO 91/2.

2 References

ISQ 649/1, Density hydrometers for general purposes —
Part 1 : Specification.

I1SO 1768, Glass hydrometers — Conventional value for the
thermal cubic expansion coefficient (for use in the preparation
of measurement tables for liquids).

3 Sources of tables

3.1 For the purposes of international trade, it is recom-
mended that use be made of the API-ASTM-/IP Petroleum
Measurement Tables, which were developed jointly by

a) the American Petroleum Institute (APl) — USA,

b) the American Society for Testing and Materials
(ASTM) — USA, and

c) the Institute of Petroleum (IP) — United Kingdom,

and | have bbeen  adopted ' by these organizations under the
following designations : C

ANSI/ASTM'D 1250-80
AP 2540-1980

IP 200/80

3.2 The tables have been published by the American
Petroleum Institute? under the title Manual of petroleum
measurement standards, chapter 11.1 — Volume correction
factors. The complete set of tables consists of 12 volumes and
the table numbers and titles are related to the corresponding
volume numbers in the annex2). Such publications are reprinted
from time to time. If corrections are inciuded in such reprints,
the AP! has agreed to advise SO of them and an amendment
will be issued to this international Standard referring to the cor-
rections and to the date of the reprint. Users should then en-
sure that they have the most recent reprint.

3.3 Of the tables referred to in the annex, the series of tables
5A, 5B, 6A, 6B, 6C — 23A, 23B, 24A, 24B, 24C — 53A, 53B,
B4A, 548, 54C, are of primary use. They shall be used to con-
vert from hydrometer readings of API gravity or relative density
or density and volume measurements, first to obtain API

1) Part.2 of this International Standard, which refers to petroleum measurement tables based op the reference temperature of 20 °C, is in prepara-

tion. (Revision of ISO/R 91, Addendum 1-1975.)

2) All volumes may be purchased from the publishers, the American Petroleum Institute, c¢/o Publication and Distribution Section, 2101 L Street
NW, Washington, DC, 20037, USA, or from the American Society for Testing and Materials, 1916 Race Street, Philadelphia, Pa 19103, USA. O'ther
suppliers include American Technical Publishers Ltd., 68a Witbury Way, Hitchin, Herts SG4 OTP, England. The tables are also available on microfiche
and the computer sub-routine as magnetic tape or as FORTRAN card decks.
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gravity at 60 °F, or relative density 60/60 °F, or densities at
15 °C respectively and then to find the volume corrected to the
corresponding reference temperature. The other tables, which
are reproduced in volumes Xl and XII'}, permit accurate conver-
sion of measurements from one system of units to another and
conversions between mass and volume. Hence, there are some
tables common to both of these volumes.

3.4 The tables referred to in the annex relate to the following
ranges of density and relative density :

Tables BA and 6A — 100° to 0° API

Tables 5B and 6B — 85° to 0°API

Tables 23A and 24A — 0,612 to 1,076 (60 °F/60 °F)
- Tables 23B and 24B — 0,654 to 1,075 (60 °F/60 °F)

Tables 53A and 54A — 612 to 1074 kg/m3 at 15 °C’

Tables 53B and 54B-— 654 to 1 075 kg/m3 at 15 °C

and for values below these ranges and down to the equivalent
~ of 800 kg/m3 {0,500 kg/!} at 15 °C, reference should be made
to the corresponding tables in the 1952 edition.of API 2540,
ASTM D 1250 and (P 2002), and to tables 33 and 34 of
ASTM D 1250.

1} Volumes Xl and Xl are at present in course of preparation based on the same expansion data as the tables in the volumes 1 to X. It i
these volumes will also have been published prior to the publication of ISO 91,

3.5 Computer sub-routines in ANSI FORTRAN and the
required program documentation are available for each of the
tables in volumes | to IX. This documentation and information
on the background and development of the tables have been
published in volume X entitled “Background, development and
program documentation’' (see notes 1 and 2).

NOTES

1 The computer sub-routines for tables 5, 23 and 53 contain an op-
tional provision to bypass the hydrometer correction so that the values
for density. may be introduced directly.

2 In tables relating to the conversion of hydrometer readings, the
coefficient of thermal cubic expansion for glass of 23 x 10-8 °C-1
has been used. This value is marginally below the conventionai value
quoted in I1SO 1768, i.e. 26 x 10-6 °C—1, This difference in coeffi-
cient is not significant for most temperature "differences found in
practice. It may be corrected for by subtracting 0,000 002 R’ (§ — 15)
from the hydrometer reading, before entering tables 83A and 53B with
readings made using hydrometers complying with 1SO 649, where R’
is the hydrometer reading and 6 the observed temperature, if it is
agreed between the interested parties that the temperature difference
(8 —15) is sufficient for the error to be otherwise significant.

xpected that

2) Consideration is being given by the organizations concerned to the republlcatlon of these portions of the 1952 edition- and If they are’ pubhshed

*his International Standard will be amended accordlngly

2
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Names of tables contained in the API-ASTM-IP Petroleum

Measurement Tables

Volumes in
which table
Table No. Title appears
: Non.- Metric
metric h
units units
1 Interrelation of units of measurement X1 X
2 Temperature conversions X1 Xl
3 API gravity at 60 °F to relative density 60/60 °F and to density at 15 °C Xi Xl
4 Gallons {US) at 60 °F to litres at 15 °C and barrels {US) at 60 °F to cubic metres at 16 °C against API
gravity at 60 °F : : XI
5A Generalized crude oils — Correction of observed API gravity to API gravity at 60 °F )
58 Generalized products — Corrections of observed API gravity to API gravity at 60 °F ]
6A Generalized crude oils — Correction of volume to 60 °F against API gravity at 60 °F |
68 Generalized products — Correction of volume to 80 °F against AP! gravity at 60 °F il
6C VCF for individual and special applications — Volume correction to 60 °F against thermal expansion
coefficients at 60 °F 1]
8 Pounds per gallon {(US) at 60 °F and gallons {US) at 60 °F per pound against API gravity at 60 °F Xl
9 Short tons per 1 000 gal (US) at 60 °F and per barrel {US) at 60 °F against API gravity at 60 °F Xl
10 Gallons (US) at 60 °F and barrels (US) at 60 °F per short ton against AP| gravity at 60 °F X1
11 Long tons2) per 1 000 gal (US) at 60 °F and per barrel (US) at 60 °F against API gravity at 60 °F X1
12 Gallons (US) at 60 °F and barrels {US)-at 60, °F per long-ton-against. APl gravity at 60 °F XI
13 Metric tons (tonnes) per.1000 gal (US) at 60 °F and/per barrel (US) at 60 °F against/ APl'gravity at 60 °F - X1
14 Cubic metres at 15 °C per short ton and per long ton against API gravity at 60 °F Xi
21 Relative density 60/60 °F to AP! gravity @t 60 °Fand to density at'16.°C Xi X
22 Gallons (US) at 60 °F to litres at 15 °C and barrels (US) at 60 °F to cubic metres at 15 °C against relative
density 60/60 °F XI
23A Generalized crude oils — Correction of observed relative density to relative density 60/60 °F v
23B Generalized products — Correction of observed relative density to relative density 60/60 °F \J
24A Generalized crude oils — Correction of volume to 60 °F against relative density 60/60 °F v
248 Generalized products — Correction of volume to 60 °F against relative density 60/60 °F \
24C VCF for individual and’ special applications — Volume corraction to 60 °F against thermal expansion
coefficients at 60 °F Vi
26 Pounds per gailon (US) at 60 °F and gallons (US) at 60 °F per pound against relative density 60/60 °F Xi
27 Short tons per 1 000 gal {US) at 80 °F and per barrel (US) at 60 °F against relative density 60/60 °F X
28 Gallons (US) at 60 °F and barrels {US) at 60 °F per short tons against relative density 60/60 °F Xl
29 Long tons per 1 000 gal (US) at 60 °F and per barrel (US) at 60 °F against relative density 60/60 °F X!
a0 Gallons (US) at 60 °F and barrels (US) at 60 °F per long ton (US) against relative density 60/60 °F Xl
31 Cubic metres at 15 °C per short ton and per long ton against relative density 60/60 °F Xl
33 Specific gravity reduction to 60 °F for liquified petroleum gases and natural gasoline 3
34 Reduction of volume to 60 °F against specific gravity 60/60 °F for liquefied petroleum gases 3
51 Density at 15 °C to AP gravity at 60 °F and to relative density 60/60 °F X
52 Barrels (US) at 60 °F to cubic metres at 15 °C and cubic metres at 15 °C to barrels (US) at 60 °F against
density at 15 °C Xl
B3A Generalized crude oils — Carrection of observed density to density at 15 °C Vil
538 Generalized products — Correction of observed density to density at 15 °C Vil
B4A Generalized crude oils — Correction of volume to 15 °C against density at 15 °C. vil
548 Generalized products — Correction of volume to 15 °C against density at 15 °C Vil
54C VCF! for individual and special applications — Volume correction to 15 °C against thermal expansion
coefficients at 15 °C iX
B8 | Kilograms. per.cubic metre at 16 °C and cubic metres at 15 °C per matric ton {tonnes) against density at l
16 °C
& 57 Short tons and long tons per cubic metre at 15 °C against density at 15 ot X
58 Gallons (US) at 60 °F and barrels {US) at 60 °F per metric ton (tonne) against density at 15 °C X”_j

1) VCF : Volume correction factor.
2) The preferred term in ISO/R 31/3 is “ton” and is equal to 2 240 Ib.
Available only as ASTM pubilications.

3)
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