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1. Scope*

1.1 This test method covers the determination, using a glass
thermohydrometer and/or a separate (alternative) temperature
measuring device in conjunction with a series of calculations,
of the density, relative density, or API gravity of crude
petroleum, petroleum products, or mixtures of petroleum and
nonpetroleum products normally handled as liquids and having
Reid vapor pressures (Test Method D323) of 101.325 kPa
(14.696 psia) or less. Values are determined at existing tem-
peratures and corrected to 15 °C (or 60 °F) by means of a series
of calculations and international standard tables. Alternative
temperature measuring devices shall be either the appropriate
liquid-in-glass ASTM thermometers meeting either Specifica-
tions El or E2251 or digital contact thermometers (Guides
E2877 and D8164).

1.2 The initial thermohydrometer readings obtained are
uncorrected hydrometer readings and not density measure-
ments. Readings are measured on a thermohydrometer at either
the reference temperature or at another convenient
temperature, and readings are corrected for the meniscus effect,
the thermal glass expansion effect, alternate calibration tem-
perature effects and to the reference temperature by means of
calculations and Adjunct to D1250 Guide for Use of the
Petroleum Measurement Tables (API MPMS Chapter 11.1).
Values measured (determined) at other than the reference
temperature being hydrometer/thermohydrometer readings and
not density measurements

1.3 Readings determined as density, relative density, or API
gravity can be converted to equivalent values in the other units

" This test method is under the jurisdiction of ASTM Committee D02 on
Petroleum Products, Liquid Fuels, and Lubricants and the API Committee on
Petroleum Measurement, and is the direct responsibility of Subcommittee D02.02
/COMQ, the joint ASTM-API Committee on Hydrocarbon Measurement for
Custody Transfer (Joint ASTM-API). This test method has been approved by the
sponsoring committees and accepted by the Cooperating Societies in accordance
with established procedures.

Current edition approved July 1, 2024. Published November 2024. Originally
approved in 2002. Last previous edition approved in 2023 as D6822 —23. DOI:
10.1520/D6822-24.

or alternate reference temperatures by means of Interconver-
sion Procedures (API MPMS Chapter 11.5) or Adjunct to
D1250 Guide for Use of the Petroleum Measurement Tables
(API MPMS Chapter 11.1), or both, or tables as applicable.

1.4 The initial thermohydrometer reading (including tem-
perature) shall be recorded before performing any calculations.
The calculations required in 9.1.5 and Section 10 shall be
applied to the initial thermohydrometer reading with observa-
tions and results reported as required by Section 11 prior to use
in a subsequent calculation procedure (measurement ticket
calculation, meter factor calculation, or base prover volume
determination).

1.5 Annex Al — Annex A3 contain procedures for determin-
ing fit-for-service, verifying, or certifying the equipment for
this test method.

1.6 The values stated in SI units are to be regarded as
standard.

1.6.1 Exception—The values given in parentheses (inch-
pound) are for information only.

1.7 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.

1.8 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents
2.1 ASTM Standards:*

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at www.astm.org/contact. For Annual Book of
ASTM Standards volume information, refer to the standard’s Document Summary
page on the ASTM website.

Documents

(S)O\é%i?yﬂhézpyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, USA and the American Petroleum Institute (API), 700/ M sach setts bea%ﬂ%%lﬁf.‘gﬁlvéslhi'ﬁta wub

1

*A Summary of Changes section appears at the end of this standard
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D287 Test Method for API Gravity of Crude Petroleum and
Petroleum Products (Hydrometer/Method)

D323 Test Method for Vapor Pressure of Petroleum Products
(Reid Method)

D1250 Guide for the Use of the Joint API and ASTM
Adjunct for Temperature and Pressure Volume Correction
Factors for Generalized Crude Oils, Refined Products, and
Lubricating Oils: API MPMS Chapter 11.1

D1298 Test Method for Density, Relative Density, or API
Gravity of Crude Petroleum and Liquid Petroleum Prod-
ucts by Hydrometer Method

D4057 Practice for Manual Sampling of Petroleum and
Petroleum Products

D4175 Terminology Relating to Petroleum Products, Liquid
Fuels, and Lubricants

Note —Terminology defined in this standard takes precedence over
any different definition for the term defined and found in any other
document of the ASTM D02 Standards Library.

D4177 Practice for Automatic Sampling of Petroleum and

Petroleum Products

D35854 Practice for Mixing and Handling of Liquid Samples

of Petroleum and Petroleum Products
D6300 Practice for Determination of Precision and Bias
Data for Use in Test Methods for Petroleum Products,
Liquid Fuels, and Lubricants

D7962 Practice for Determination of Minimum Immersion
Depth and Assessment of Temperature Sensor Measure-
ment Drift

D8009 Practice for Manual Piston Cylinder Sampling for

Volatile Crude Oils, Condensates, and Liquid Petroleum
Products

D8164 Guide for Digital Contact Thermometers for Petro-

leum Products, Liquid Fuels, and Lubricant Testing

El Specification for ASTM Liquid-in-Glass Thermometers

E77 Test Method for Inspection and Verification of Ther-

mometers

E100 Specification for ASTM Hydrometers

E126 Test Method for Inspection, Calibration, and Verifica-

tion of ASTM Hydrometers

E344 Terminology Relating to Thermometry and Hydrom-

etry

E2251 Specification for Liquid-in-Glass ASTM Thermom-

eters with Low-Hazard Precision Liquids

E2877 Guide for Digital Contact Thermometers

2.2 API Standards:’
MPMSChapter 1 Terms and Definitions Database

Note 2—Terminology defined in this standard takes precedence over
any different definition for the term defined and found in any other
document of the MPMS.

MPMS Chapter 8.1 Practice for Manual Sampling of Petro-

leum and Petroleum Products (ASTM Practice D4057)

MPMS Chapter 8.2 Practice for Automatic Sampling of

Petroleum and Petroleum Products (ASTM Practice
D4177)

3 Available from American Petroleum Institute (API), 200 Massachusetts
Avenue, NW, Suite 1100, Washington, DC 20001, www.api.org.
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MPMS Chapter 8.3 Practice for Mixing and Handling of
Liquid Samples of Petroleum and Petroleum Products
(ASTM Practice D5854)

MPMS Chapter 8.5 Practice for Manual Piston Cylinder for
Sampling for Volatile Crude Oils, Condensate and Liquid
Petroleum Products (ASTM Practice D8009)

MPMS Chapter 9.1 Hydrometer Test Method for Density,
Relative Density or API Gravity of Crude Petroleum and
Liquid Petroleum Products (ASTM Test Method D1298)
(Note 3)

MPMS Chapter 11.1 Temperature and Pressure Volume Cor-
rection Factors for Generalized Crude Oils, Refined
Products, and Lubricating Oils (Adjunct to ASTM D1250)

MPMS Chapter 11.5 Density/Weight/Volume Interconver-
sion

Note 3—These density test methods are ASTM Test Methods, and are

developed in accordance with ASTM Policy and Procedures using the
ASTM format and voting policies. As joint standards with API, API adds
their cover to the ASTM Document for API publication; otherwise, they
are identical to the ASTM Test Method.

2.3 Energy Institute Standards:*

IP Standard Methods Book, Appendix A Specifications — IP
Standard Thermometers

2.4 ISO Standards:’

ISO 649-1 Laboratory glassware — Density hydrometers for
general purpose — Part 1: Specification

2.5 ASTM Adjuncts:

Adjunct to D1250 Standard Guide for the Use of the Joint
API and ASTM Adjunct for Temperature and Pressure
Volume Correction Factors for Generalized Crude Oils,
Refined Products, and Lubricant Oils: API MPMS Chapter
11.1, Addenda 1 and 2°

3. Terminology

3.1 Definitions:

3.1.1 For terms and definitions used in this test method,
refer to Terminology D4175 and API MPMS Ch 1 Terms and
Definitions Database.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 API gravity (°API), n—a special calculated function of
relative density 60/60 °F (equivalent to 15.56/15.56 °C), rep-
resented by:

°API = [141.5/(relative density 60/60°F)] — 131.5 (1)
3.2.1.1 Discussion—No statement of reference temperature
is required, as 60 °F is included in the definition.

3.2.2 calibration, n—for this test method, calibration refers
to the determination of the interval values of the thermohy-
drometer and their compliance with the required uncertainty as
defined in Test Method E126.

3.2.2.1 Discussion—The device to which this procedure
applies is typically referred to as the “Primary Instrument” or
“Master Device”.

+ Available from Energy Institute, 61 New Cavendish St., London, W1G 7AR,
U.K., http://www.energyinst.org.

3 Available from International Organization for Standardization (ISO), ISO
Central Secretariat, Chemin de Blandonnet 8, CP 401, 1214 Vernier, Geneva,
Switzerland, https://www.iso.org.
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3.2.3 cloud point, n—temperature at which a cloud of wax
crystals first appears in a liquid when it is cooled under specific
conditions.

3.2.4 density, n—the mass of liquid per unit volume at 15 °C
and 101.325 kPa with the standard unit of measurement being
kilograms per cubic metre.

3.2.4.1 Discussion—Other reference temperatures, such as
20 °C, may be used for some products or in some locations.
Less preferred units of measurement, for example (kg/L or
g/mL) are still in use.

3.2.5 digital thermometer sensors—platinum resistance
temperature (PRT) sensor for a digital contact thermometer
(DCT).

3.2.5.1 Discussion—While there may be other types of
RTDs available, for custody transfer operations, in conjunction
with other standards organizations, platinum RTDs have been
standardized on for their accuracy and discrimination.

3.2.6 hydrometer reading, n—the point on the hydrometer
scale at which the surface of the liquid cuts the scale.

3.2.6.1 Discussion—In practice for transparent fluids this
can be readily determined by aligning the surface of the liquid
on both sides of the hydrometer and reading the hydrometer
scale where these surface readings cut the scale (Hydrometer
Reading — Observed). For nontransparent fluids, the point at
which the liquid surface cuts the hydrometer scale cannot be
determined directly and requires a correction (meniscus cor-
rection). The value represented by the point (Meniscus Read-
ing) at which the liquid sample rises above the main surface of
the liquid subtracted from the value represented by where the
main surface of the liquid cuts the hydrometer scale is the
amount of the correction or meniscus correction. This menis-
cus correction is documented and then subtracted from the
value represented by the meniscus reading to yield the hydrom-
eter reading corrected for the meniscus (Hydrometer Reading —
Observed, Meniscus Corrected).

3.2.7 observed values, n—values observed at a temperatures
other than the specified reference temperature. These values are
only hydrometer readings and not density, relative density or
API gravity, at that other temperature.

3.2.8 pour point, n—lowest temperature at which a test
portion of crude petroleum or petroleum product will continue
to flow when it is cooled under specified conditions.

3.2.9 relative density, n—the ratio of the mass of a given
volume of liquid at a specific temperature to the mass of an
equal volume of pure water at the same or different tempera-
ture. Both reference temperatures shall be explicitly stated.

3.2.9.1 Discussion—Common reference temperatures in-
clude 15/15 °C, 60/60 °F, 20/20 °C, and 20/4 °C. The historic
deprecated term specific gravity may still be found.

3.2.10 specific gravity, n—historical term, which shall no
longer be used, which has been replaced by relative density,
which shall be used.

3.2.11 thermohydrometer, n—a glass hydrometer with a
self-contained liquid-in-glass thermometer.

3.2.12 verification, n—for this test method, the verification
procedure refers to the comparison process of comparing the

Full document details: ASTM D6822-24

working instrument to the master instrument, which has been
calibrated in accordance with Test Method E126, on a periodic
interval.

3.2.12.1 Discussion—In practice, the interval for the com-
parison process is dependent on various factors such as
frequency of use.

3.2.13 wax appearance temperature (WAT), n—temperature
at which waxy solids form when a crude petroleum or
petroleum product is cooled under specified conditions.

4. Summary of Test Method

4.1 This test method is based on the principle that the
measurement of the density of a liquid varies directly with the
depth of immersion of a body floating in it and the fluid’s
temperature at that point. The floating body, which is graduated
by density units in this test method, is called a density
thermohydrometer. Density is generally expressed in one of
three units of measurement (density, relative density, or API
gravity).

4.2 There are two basic methods for performing this test
method. The sample is brought to a specified temperature and
a test portion is transferred to a hydrometer cylinder that has
been brought to approximately the same temperature (the two
temperatures shall be within *2.0 °C (or #*4.0 °F)).
Alternatively, the test method may be conducted with the test
portion of the sample at its existing temperature. The appro-
priate thermohydrometer/hydrometer and/or temperature mea-
suring device, also at the similar temperature, are lowered into
the test portion and allowed to settle. After temperature
equilibrium has been reached and the hydrometer is freely
floating, the hydrometer scale is read, and the temperature of
the test portion is determined by reading the temperature
measuring device.

4.3 The temperature of the sample, as determined by the
temperature measuring device, shall be determined by utilizing
either a glass hydrometer with a self-contained thermometer
(thermohydrometer) or a separate accurate ASTM liquid-in-
glass thermometer, which meets either Specifications El or
E2251 requirements or an ASTM digital contact thermometer,
which meet Guide E2877 requirements, in the sample. The
temperature determination device, be it the bulb of a ASTM
thermometer (Specifications E1 or E2251) or a sensor of a
digital contact thermometer (Guides E2877 and D8164) shall
be placed at the same elevation (within the stated tolerances) as
the hydrometer bulb of the glass hydrometer with a self-
contained thermometer (Practice D7962).

Note 4—Through testing conducted by Subcommittee D02.02 (Joint
ASTM/API Subcommittee) measurement committee and others, it has
been determined that temperature stratifications do exist vertically from
top to bottom of a hydrocarbon container as well as across the diameter of
the container. Therefore, as temperature affects the viscosity as well as the
fluid density, the buoyancy of the hydrometer floating in the liquid is
affected; clarifying procedures have been added to the Procedure section.

4.3.1 The bulb of the ASTM thermometer or the sensor of
the digital contact thermometer shall not be allowed to touch
the bottom or sides of the test cylinder; nor shall they be
allowed to touch any portion of the hydrometer during equi-
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4.4 The hydrometer reading is determined by observing the =~ methods such as Test Method D1298 (API MPMS Chapter 9.1)
freely floating ASTM Hydrometer (calibrated for the appropri- should be used.
ate density scale and units) and noting the graduation nearest to
the apparent intersection of the horizontal plane surface of the
liquid with the vertical scale of the hydrometer, after equilib- 6.1 Glass Thermohydrometers, as specified in Specification
rium has been reached. E100 (shown in Fig. 1), and graduated in:

6. Apparatus

4.5 The observed hydrometer reading is corrected first for
the meniscus effect (if required), then the thermal glass
expansion effect on the hydrometer, and then any alternate —
calibration temperature effects, before reducing the reading to
the reference temperature by means of the volume correction
factors or tables as applicable by use of the appropriate Adjunct
to D1250 Guide for Petroleum Measurement Tables (API
MPMS Chapter 11.1) and indicated temperature from the
temperature measuring device.

If necessary, the hydrometer cylinder and its contents are
placed in a constant temperature bath to avoid excessive
temperature variation during the test. Typically, this is not
practical in field operations.

Nt

Thermometer scale
Hydrometer scale
Stem

5. Significance and Use /

5.1 Accurate determination of the density, relative density,
or API gravity of petroleum and its products is necessary for
the conversion of measured volumes to volumes or masses, or
both, at the standard reference temperatures of 15 °C or (60 °F)
during custody transfer.

Body

5.2 This procedure is most suitable for determining the
density, relative density, or API gravity of low viscosity
transparent liquids. This procedure can also be used for viscous
liquids by allowing sufficient time for the hydrometer and A
temperature measuring device to reach temperature . v
equilibrium, and for opaque liquids by employing a suitable ~———
meniscus correction. Additionally for both transparent and
opaque fluids the readings shall be corrected for the thermal —
glass expansion effect on the hydrometer body and alternative
calibration temperature effects before correcting to the refer-
ence temperature.

Ballast

5.3 When used in connection with bulk oil measurements,
volume correction errors are minimized by observing the
hydrometer reading at a temperature close to that of the bulk oil
average temperature.

Hydrometer scale
Stem

5.4 Density, relative density, or API gravity is a factor
governing the quality and pricing of crude petroleum.
However, this property of petroleum product is an uncertain
indication of its quality unless correlated with other properties. /
Crude petroleum prices are frequently posted against values in
kg/m? (or in degrees API). This correlation may be used to give
approximate hydrocarbon composition and heat of combustion.

dl
I

5.5 Density is an important quality indicator for automotive,
aviation and marine fuels, where it affects storage, handling
and combustion.

Thermometer
scale
Body

5.6 Typical Field of Application—The procedure is conve-
nient for gathering or main trunk pipelines and other field
applications where limited laboratory facilities are available. A
The thermohydrometer method may have limitations in some SR
petroleum density determinations. When this is the case, other FIG. 1 Typical ThermohydromB@cﬂaments

Ballast
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6.1.1 Kilograms/cubic metre (kg/m’) and degrees Celsius

for density hydrometers, as shown in Table 1.
TABLE 1 Density Thermohydrometers

D6822 - 24

6.1.2 Degrees API (°API) and degrees Fahrenheit for hy-

drometers measuring in API Gravity, as shown in Table 2.

ASTM Hydrometer No.

Density, Range, kg/m®

300H 600 to 650
301H 650 to 700
302H 700 to 750
303H 750 to 800
304H 800 to 850
305H 850 to 900
306H 900 to 950
307H 950 to 1000
308H 1000 to 1050
309H 1050 to 1100
345H 775 to 825
Hydrometer
Total length, mm 374 to 387
Body diameter, mm 18 to 25
Stem diameter, mm, min 4.0
Hydrometer Scale
Standard temperature, °C 15
Subdivisions, kg/m® 0.5
Short intermediate lines at, kg/m* 1
Long intermediate lines at, kg/m® 5
Main (numbered) lines at, kg/m® 10
Scale error at any point not to 0.5
exceed, kg/m?
Length of nominal scale, mm 125 to 145
Scale extension beyond nominal 2.5
range limits, kg/m®
Thermometer Scale
Range, °C
Designation L -20 to +65
Designation M 0 to +85
Designation H +20 to +105
Immersion total
Subdivisions, °C 1.0
Intermediate lines at, °C 5
Main (numbered) lines at, °C 10
Scale error at any point not to 1.0
exceed, °C
Scale length, mm 80 to 100

Full document details: ASTM D6822-24
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TABLE 2 API Gravity

Note 1—For petroleum products and other liquids of similar surface ten

D6822 - 24

Thermohydrometers

sions (33 dynes/cm or less).

Thermometer Scale in Body

Thermometer Scale in Stem

ASTM Hydrometer Nominal API Gravity

ASTM Hydrometer Nominal API Gravity

No. Range, degrees No. Range, degrees
41H-66 15 to 23 71H-62 -1 to +11
42H-66 22 to 30 72H-62 9 to 21
43H-66 29 to 37 73H-62 19 to 31
44H-66 36 to 44 74H-62 29 to 41
45H-66 43 to 51
51H-62 -1 to +11
52H-62 9to 21
53H-62 19 to 31
54H-62 29 to 41
55H-62 39 to 51
56H-62 49 to 61
57H-62 59 to 71
58H-62 69 to 81
59H-62 79 to 91
60H-62 89 to 101
255H-04 37 to 49
258H-04 64 to 76

Hydrometer Specifications

Thermometer Scale Thermometer Scale

Total length, mm

Body diameter, mm

Stem diameter, mm, min

Total Length, mm (thermometer scale) for 255H and 258H

in Body in Stem
374 to 387 374 to 387
18 to 25 23 to 27
4.0 6.0
110 to 140

Hydrometer Scale

Standard temperature, °F

Subdivisions, °API

Intermediate lines at, °API

Main (numbered) lines at, °API

Scale error at any point not to exceed, °API
Length of nominal scale, mm

125 to 145

Thermometer Scale

Thermometer Scale

Thermometer Scale

in Body in Stem

Range, °FA

Designation L 0 to 150

Designation M 30 to 180 30 to 220

Designation H 60 to 220

Designation H (for Aviation Fuels only) 0 to 100
Immersion Total Total
Subdivisions, °F 2 2
Intermediate lines at, °F 10 10
Main (numbered) lines at, °F 20 20
Scale error at any point not to exceed, °F 1 1
Scale length, mm 80 to 110 105 to 145

4 Indication of the thermometer range is made by the use of the listed designation used as a suffix to the ASTM hydrometer number. For example, 54HL is an instrument
with an API gravity range of 29 to 41°API and a thermometer range of 0 °F to 150 °F. An instrument with the same gravity range but a thermometer range of 60 °F to 220 °F
would be designated 54HH. The number 57HM would identify an instrument with an API gravity range of 59 to 71°API and a thermometer range of 30 °F to 180 °F.

6.1.3 The user should ascertain that the instruments used for
this procedure conform to the requirements set out above with
respect to materials, dimensions, and scale errors. In cases
where the instrument is provided with a calibration certificate
traceable to a NMI (National Metrology Institute), the instru-
ment is classed as certified and the appropriate corrections for
the meniscus effect, the thermal glass expansion effect, and
alternative calibration temperature effects shall be applied to
the observed readings prior to corrections. Instruments that
satisfy the requirements of this test method, but are not

Full document details: ASTM D6822-24

provided with a recognized calibration certificate, are classed
as uncertified and the appropriate corrections for the meniscus
effect, the thermal glass expansion effect, and alternative
calibration temperature effects shall be applied to the observed
readings prior to corrections.

6.2 Temperature Determination:

6.2.1 Thermometers (Glass), having ranges as specified in
Table 3 and conforming to the requirements for thermometers

as prescribed in Specification El, Documents
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