
Designation: D7975 − 14

Standard Test Method for
Determination of Vapor Pressure of Crude Oil:
VPCRx-F(Tm°C) (Manual Expansion Field Method)1

This standard is issued under the fixed designation D7975; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the use of manual vapor
pressure instruments to determine the vapor pressure of crude
oils exerted in a vacuum. This test method is suitable for testing
samples that exert a vapor pressure between 25 kPa and
180 kPa at 37.8 °C at vapor/liquid ratios from 4:1 to 0.25:1 (X
= 4 to 0.25, see 3.2.4).

NOTE 1—This test method is suitable for the determination of the vapor
pressure of crude oils at temperatures from 0 °C to 60 °C and pressures up
to 500 kPa, but the precision and bias statements (see Section 15) may not
be applicable.

1.2 This test method is meant primarily for use under field
conditions for immediate evaluation of vapor pressure for
storage, transport, or operational uses.

1.3 This test method is not intended for use in custody
transfer applications. Test Method D6377 shall be used for
custody transfer applications.

1.4 This test method provides a reasonable confirmation for
the presence of light ends in the source material given that the
partial pressure of low boiling components contribute signifi-
cantly to total vapor pressure.

1.5 This test method allows both sample collection and
subsequent vapor pressure measurement of crude oil samples
directly from the sample source. The collected sample may
also be transferred to an automated vapor pressure instrument
such as used for Test Method D6377. The field test apparatus
is suitable for transportation provided suitable over-pack is
used to meet the regulations for the transportation of dangerous
goods in the transportation jurisdiction(s).

1.6 This test method allows the determination of vapor
pressure for crude oil samples having pour points below 0 °C
and flow at the sampling conditions to allow inlet to the
apparatus.

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

1.7.1 Exception—Other units of measurement are included
in this standard for ease of use in multiple jurisdictions.

1.8 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 and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

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

D1193 Specification for Reagent Water
D5191 Test Method for Vapor Pressure of Petroleum Prod-

ucts (Mini Method)
D5853 Test Method for Pour Point of Crude Oils
D6377 Test Method for Determination of Vapor Pressure of

Crude Oil: VPCRx (Expansion Method)

3. Terminology

3.1 Definitions:
3.1.1 vapor/liquid ratio (V/L), n—the ratio of the vapor

volume to the liquid volume of specimen, in equilibrium, under
specified conditions.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 dead crude oil, n—a term usually employed for crude

oils that, when exposed to normal atmospheric pressure at
room temperature, will not result in actual boiling of the
sample.

3.2.1.1 Discussion—These crudes will have vapor pressures
below atmospheric pressure at room temperature.

3.2.1.2 Discussion—This method will provide vapor pres-
sure information that will allow the user to determine if a crude
oil is considered “dead” or “live.” A crude oil shall always be
considered “live” until the vapor pressure can be established.
Sampling and handling of dead crude oils can usually be done

1 This test method is under the jurisdiction of ASTM Committee D02 on
Petroleum Products, Liquid Fuels, and Lubricants and is the direct responsibility of
Subcommittee D02.08 on Volatility.
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without concern in normal, non-pressurized sample containers,
such as cans and other atmospheric containers.

3.2.2 light ends, n—components that cannot be maintained
as a liquid at atmospheric pressure at temperatures greater than
0 °C.

3.2.2.1 Discussion—This includes any materials that have
atmospheric boiling points below 0 °C including methane,
ethane, propane, butane, and fixed gases such as H2S, CO2, N2,
O2, H2, CO.

3.2.3 live crude oil, n—a term usually employed for crude
oils contained in pressurized systems that, when brought to
normal atmospheric pressure at room temperature, will result
in actual boiling of the sample.

3.2.3.1 Discussion—Sampling and handling of samples of
live crude oils will necessitate the use of the field test apparatus
and preclude the use of normal sample containers, such as cans
and other atmospheric containers.

3.2.4 vapor pressure of crude oil field measurement
(VPCRX-F), n—the pressure exerted in an evacuated chamber
at a vapor-liquid ratio of X:1 by conditioned or unconditioned
crude oil, which may contain gas, air or water, or a combina-
tion thereof, where X may vary from 4 to 0.25.

3.2.4.1 Discussion—This measurement is performed using
the field test apparatus described herein.

3.3 Abbreviations:
3.3.1 ARV, n—accepted reference value.

3.3.2 RVP, n—Reid Vapor Pressure.

3.3.3 V/L, n—vapor/liquid ratio.

3.3.4 VPCRx-F(Tm°C), n—vapor pressure of crude oil field
(-F) measurement at X vapor/liquid ratio at (Tm°C) measured
temperature.

3.3.5 STP, n—Standard Pressure (101.325 kPa) and Tem-
perature (0 °C)

4. Summary of Test Method

4.1 Using a portable variable volume measurement chamber
with a built-in piston, a sample of crude oil of known volume
is drawn from the sample point or sample container into the
field test apparatus (see 7.1). After sealing the chamber, the
volume is expanded by moving the piston until the final
volume produces the desired V/L value. The temperature of the
measuring chamber is then regulated to a specific measuring
temperature if required (see 7.2).

4.2 After temperature and pressure equilibrium, the mea-
sured pressure is recorded as the VPCRX-F(Tm°C) of the
sample. The test specimen is mixed during the measuring
procedure by shaking the measuring chamber to achieve
pressure equilibrium in a reasonable time of 1 min to 5 min.

4.3 For results related to Test Method D323, the final
volume of the measuring chamber shall be five times the test
specimen volume (4:1 V/L ratio) and the measuring tempera-
ture shall be 37.8 °C. The 4:1 V/L ratio is based on filling the
measurement chamber 20 % full with liquid with vapor expan-
sion to 100 %.

4.4 For the purpose of transportation, a lower V/L ratio is
desirable to simulate the vapor pressure in vessel with 20 %
outage. Filling the measurement chamber with 80 % liquid and
expanding to 100 % will provide a 0.25:1 V/L ratio.

5. Significance and Use

5.1 Vapor pressure of crude oil at various vapor/liquid ratios
is an important physical property for transport, storage, and
refinery operations.

5.2 Vapor pressure of crude oil is important to crude oil
producers, regulators, transporters and refiners for general
handling, transportation, and initial refinery treatment.

5.3 The direct sample collection and subsequent, in place,
vapor pressure measurement without the need for further
sample handling eliminates the potential loss of light hydro-
carbon material from the sample. The combination of sampling
and testing may produce higher results than Test Method D323.

5.4 Chilling and air saturation of the sample prior to the
vapor pressure measurement (as required in Test Method
D323) is not required in this test method.

6. Interferences

6.1 Exposure of a sample to the atmosphere will result in air
saturation of the sample and loss of volatile material. At low
V/L ratios, the pressure exerted by air saturation can have a
material effect on the vapor pressure measurement. Sample
exposure to the atmosphere is avoided by sampling directly
into the field test apparatus (see 7.1) from the sample source.
The sample source shall not be an atmospheric container, such
as a can or bottle, since vapor pressure measurement results
can be impacted by air saturation and loss of volatile material.

7. Apparatus

7.1 Field Test Apparatus3—The apparatus is shown in Fig.
1 and described in detail in Annex A1.

7.1.1 The measuring chamber shall be designed to have a
total volume of 100 mL to 120 mL and shall be capable of
maintaining a V/L of 4:1 to 0.25:1. The accuracy of the
adjusted V/L shall be within 60.01.

NOTE 2—The measuring chambers employed by the instruments used in
generating the precision and bias statements were constructed as per A1.1,
with a total volume of 100 mL to 120 mL. Measuring chambers exceeding
a 120 mL capacity and different design can be used, but the precision and
bias statement (see Section 15) may not be applicable.

7.1.2 The vapor pressure apparatus shall have provisions to
measure the sample vapor pressure (vapor pressure measure-
ment gauge) and shall have a minimum operational range from
0 kPa to 200 kPa with a minimum resolution of 5 kPa and a
minimum accuracy of 62 kPa (see A1.1.1.3).

NOTE 3—Many gauges will provide a positive and negative scale with
zero considered barometric pressure (101.325 kPa at STP). For example:

3 The sole source of supply of the apparatus known to the committee at this time
is Parkes Scientific Inc. 17360-108 Ave NW, Edmonton, AB, Canada T5S 1E8,
(780) 484-1849. If you are aware of alternative suppliers, please provide this
information to ASTM International Headquarters. Your comments will receive
careful consideration at a meeting of the responsible technical committee,1 which
you may attend.
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Gauge scales will read –100 kPa to 100 kPa but the overall operating
range is 200 kPa.

7.1.3 The vapor pressure apparatus shall have provisions to
measure the sample source pressure (source pressure measure-
ment gauge) and shall have a minimum operational range from
0 kPa to 400 kPa with a minimum resolution of 20 kPa and a
minimum accuracy of 610 kPa.

7.1.4 The vapor pressure apparatus shall have provisions for
rinsing the measuring chamber with the next sample to be
tested or with a solvent of low vapor pressure.

7.1.5 The vapor pressure apparatus shall be of such configu-
ration as to be easily shaken during the measurement procedure
with a minimum frequency of 1 cycle per second. Shaking is
intended to be performed by hand or could be performed by
mechanical shaker or equivalent.

7.1.6 The vapor pressure apparatus shall be equipped with a
pressure relief device set to a maximum pressure of 700 kPa
(nominal 100 psi).

7.2 Temperature Controlled Bath (Optional)—A water or
other suitable liquid bath capable of maintaining the desired
test temperature between 0 °C and 60 °C. Temperature con-
trolled bath shall be suitable in length, width and depth to
completely immerse the measurement chamber while it is in a
horizontal position. Other suitable heating devices may be used
provided the test temperatures are within the manufacturer’s
specification for the measurement gauges. Examples of other
suitable heating devices may include: ovens, air baths, jacket or
hot-block type heaters.

7.3 Temperature Controlled Bath Temperature Measuring
Device (Optional)—An electronic measuring device such as a
resistance device or thermocouple capable of measuring the
temperature of the temperature control bath with a resolution of
0.5 °C and an accuracy of 62 °C.

7.4 Vapor Pressure Apparatus Temperature Measuring De-
vices (Acceptable Devices):

7.4.1 A surface temperature measuring device, such as an IR
thermal gun or surface mounted liquid crystal thermometer,
capable of measuring the temperature of the measurement
cylinder with a resolution of 0.5 °C and an accuracy of 62 °C.

7.4.2 An electronic measuring device such as a resistance
device or thermocouple inserted into a thermal well within the
piston rod capable of measuring the temperature of the
measurement cylinder with a resolution of 0.5 °C and an
accuracy of 62 °C.

7.5 Portable Barometer—A barometer with minimum pres-
sure range of 95 kPa and 105 kPa with an accuracy of 60.5 %
of reading and a resolution of 0.05 kPa.

7.6 Top Loading Balance—A top loading balance with a
capacity of 500 g to 3 digits accuracy 60.001 g.

7.7 Vacuum Pump—A vacuum pump capable of generating
a minimum vacuum of 1.3 kPa.

7.8 Low Pressure Tubing—6.35 mm (1⁄4 in.) inert flexible
tubing for transferring fluids at atmospheric pressure.

7.9 Low Pressure Tubing—3.175 mm (1⁄8 in.) inert flexible
tubing for transferring fluids at atmospheric pressure.

7.10 High Pressure Tubing—6.35 mm (1⁄4 in.) inert flexible
tubing for transferring fluids up to 689 kPa (100 psi).

7.11 Purge Container—A container suitable for purging
fluids during sampling operations.

8. Reagents and Materials

8.1 Purity of Reagents—Use chemicals of at least 99 %
purity for verification of instrument performance (see Section
11). Unless otherwise indicated, it is intended that all reagents

FIG. 1 Field Test Apparatus
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conform to the specifications of the Committee on Analytical
Reagents of the American Chemical Society where such
specifications are available.4 Other grades may be used, pro-
vided it is first ascertained that the reagent is of sufficient purity
to permit its use without lessening the accuracy of the
determination.

8.2 Purity of Water—Unless otherwise indicated, references
to water shall be understood to mean reagent water as defined
by Type II in Specification D1193.

8.2.1 The chemicals in 8.3.1, 8.3.2, and 8.3.3 are suggested
for verification of instrument performance (see Section 11),
based on the air saturated reference fuels analyzed in the Test
Method D5191 2003 inter-laboratory study (ILS)5 (see Table
1). Ptot used in Test Method D5191 is equivalent to VPCR4-
F(37.8°C) used in this test method. Table 1 identifies the
accepted reference value (ARV) and uncertainty limits, as well
as the acceptable testing range for each of the reference fuels
listed.

8.2.2 The chemicals in 8.4.1 and 8.4.2 are suggested for use
as rinsing solvents capable of cleaning the measuring chamber,
the valves and the inlet and outlet tubes.

8.3 Verification Fluids:
8.3.1 2,2-Dimethylbutane, (Warning—2,2-dimethylbutane

is flammable and a health hazard.)
8.3.2 2,3-Dimethylbutane, (Warning—2,3-dimethylbutane

is flammable and a health hazard.)
8.3.3 Pentane, (Warning—Pentane is flammable and a

health hazard.)

8.4 Solvents:
8.4.1 Toluene, (Warning—Toluene is flammable and a

health hazard.)
8.4.2 Acetone, (Warning—Acetone is flammable and a

health hazard.)

8.5 Silicon-based or perfluorocarbon based lubricant is rec-
ommended for hydraulic cylinder piston lubrication.

8.6 Water.

9. Preparation of Apparatus

9.1 Rinse the measuring chamber, if necessary, with a
solvent (see 8.4). Toluene has a low vapor pressure and has

been used successfully. The measuring chamber is rinsed by
drawing the solvent into the chamber by extension of the piston
and expulsion of the solvent into the waste container by
compressing the piston (see 12.2 Sampling Procedure).

9.2 To avoid contamination of the test specimen with the
previous sample or the solvent, rinse the measuring chamber a
minimum of three times with the sample to be tested. Fill the
measuring chamber with sample to at least half the total
volume of the chamber for each rinse. This rinsing procedure
shall always be carried out immediately before the sampling
and measuring procedure (see section 12.3).

10. Calibration and Standardization

10.1 Cylinder Dead Volume Calibration:
10.1.1 CLOSE valves A and B and compress the cylinder

piston into the cylinder body completely. See Fig. 2-A.
10.1.2 CONNECT valve A to a vacuum source.
10.1.3 OPEN valve A to begin evacuation of the apparatus.
10.1.4 OPEN valve B and confirm vacuum pressure is

greater than 85 kPa (25 inHg) below atmospheric pressure.

NOTE 4—Some vacuum gauges read in negative values and use
atmospheric pressure as zero.

10.1.5 Allow 5 min to evacuate.
10.1.6 CLOSE valve A and monitor the pressure for a

further 2 min.
10.1.6.1 If there is no change in vacuum pressure, then

proceed to 10.1.7.
10.1.6.2 If there is a loss of vacuum pressure, then the

system has a leak that shall be resolved prior to proceeding.
Follow procedures in Annex A1 regarding the apparatus.

10.1.7 DISCONNET vacuum source from valve A.
10.1.8 CONNECT a short length of 3.175 mm (1⁄8 in.)

tubing to valve A (copper, vinyl, or TFE-fluorocarbon tubing
are commonly available). This length should be kept as short as
possible.

10.1.9 FILL a 500 mL beaker with approximately 300 mL
water.

10.1.10 PLACE the beaker on the top loading balance.
10.1.11 INSERT the tubing from the cylinder in the water

filled beaker without touching the sides or bottom of the
beaker. Suspending the tubing using a ring stand or other
means will allow the tubing to be in the beaker but not touching
it. See Fig. 2-B.

10.1.12 CLOSE valve B to avoid filling the vapor pressure
measurement gauge with water.

10.1.13 RECORD the mass of water in the beaker as the
initial mass of water (W1).

10.1.14 OPEN valve A to allow water to be displaced into
the apparatus filling the dead volume. See Fig. 2-C.

4 Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see Analar Standards for Laboratory
Chemicals, BDH Ltd., Poole, Dorset, U.K., and the United States Pharmacopeia
and National Formulary, U.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
MD.

5 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:D02-1619. Contact ASTM Customer
Service at service@astm.org.

TABLE 1 Accepted Reference Value (ARV) and Acceptable Testing Range for Air Saturated Reference FluidsA

Reference Fluid
ARV [Ptot] ± Uncertainty,

(kPa) @ V/L 4:1 (37.8 °C)

Acceptable Testing Range
for Reference Material [Ptot],

(kPa)

Pentane 112.8 ± 0.2 112.8 ± 1.2 (111.6 to 114.0)
2,2 Dimethylbutane 74.1 ± 0.2 74.1 ± 1.2 (72.9 to 75.3)
2,3 Dimethylbutane 57.1 ± 0.2 57.1 ± 1.2 (55.9 to 58.3)

A Supporting data have been filed at ASTM International Headquarters and may be obtained by requesting Research Report RR:D02-1619.
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10.1.15 RECORD the mass of water in the beaker as the
final mass of water (W2).

10.1.16 RECORD the water temperature and locate the
water density at that temperature.

10.1.17 CALCULATE the dead volume using Eq 1.

DV 5 S W1 2 W2
DW D (1)

where:
W1 = initial mass of water in the beaker (g),
W2 = final mass of water in the beaker (g),
DW = density of water at the calibration temperature (g/

mL), and
DV = dead volume (mL).

10.1.18 Continue directly to 10.2 to proceed with the
cylinder volume guide calibration. DO NOT move the piston
or add or remove water from the beaker.

10.1.19 If any component of the apparatus is altered or
replaced after calibration repeat 10.1.1 to 10.1.16.

10.2 Cylinder Volume Guide Calibration:
10.2.1 Starting from 10.1.16 with the dead volume full of

water. See Fig. 3-A.
10.2.2 PULL the cylinder piston out enough to allow the

insertion of the volume measurement 20 % guide. See Fig. 3-B.

10.2.3 With the guide in place and the piston firmly pressed
to the guide, wait for the mass of water to stabilize.

10.2.4 Once the mass of water has been stable for 5 s,
RECORD the mass of water in the beaker as W3.

10.2.5 REMOVE the 20 % guide and PULL the piston out
enough to allow insertion of the 80 % guide. See Fig. 3-C.

10.2.6 With the guide in place and the piston firmly pressed
to the guide, WAIT for the mass of water to stabilize.

10.2.7 Once the mass of water has been stable for 5 s,
RECORD the mass of water in the beaker as W4.

10.2.8 REMOVE the 80 % guide and PULL the piston to
the fully extended position.

10.2.9 With the piston in the fully extended position,
RECORD the mass of water in the beaker as W5.

10.2.10 CALCULATE the cylinder volume, guide volume
and guide volume percent as Eq 2 through Eq 5.

10.2.11 For other volume guides, see Annex A1.

GV1 5 F ~W 2 2 W 3!
DW G1DV (2)

GV2 5 F ~W 2 2 W 4!
DW G1DV (3)

TV 5 F ~W 2 2 W 5!
DW G1DV (4)

FIG. 2 Dead Volume Calibration
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GP 5 F ~GVX!
TV G 3 100 (5)

where:
GV1 = 20 % Guide volume (mL),
GV2 = 80 % Guide volume (mL),
TV = total cylinder volume (mL),
GP = guide volume percent (percent by volume),
W2 = final mass of water in the beaker after dead volume

calibration (g),
W3 = mass of water in the beaker required to fill cylinder

to the 20 % guide (g),
W4 = mass of water in the beaker required to fill cylinder

to the 80 % guide (g),
W5 = mass of water in the beaker required to fill the fully

extended cylinder (g),
DW = density of water at the calibration temperature (g/

mL),
GVx = guide volume with x as the specific guide (GV1 or

GV2),
DV = dead volume of the apparatus from 10.1.17 (mL),

and
GP = guide volume percent (volume percent).

11. Quality Control Checks

11.1 Use a verification fluid (see 8.3) of known volatility as
an independent check against the instrument calibration as
required. For pure compounds, multiple test specimens may be
taken from the same container over time. Air saturate the
verification fluid at temperatures between 0 °C to 1 °C as
described in Test Method D5191 (see 8.4). Transfer the
verification fluid into the measuring cell using a transfer tube or
a syringe. The temperature of the verification fluid shall be at
0 °C to 1 °C during the sample introduction, and the measuring
procedure shall be in accordance with Section 12 with a V/L
ratio of 4:1 and a measuring temperature of 37.8 °C.

11.1.1 Table 1 provides the accepted reference value (ARV)
[Ptot] and uncertainty limits (at least 95 % confidence interval)
of reference fluids tested in the 2003 Test Method D5191 ILS.5

As stated in 8.2.1, Ptot used in Test Method D5191 is equivalent
to VPCR4-F(37.8 °C) used in this test method.

11.2 For the purpose of this field method, an acceptable
tolerance value, based on the method precision, was used to
establish the acceptable testing range for the reference fuels to
verify instrument performance.

FIG. 3 Cylinder Volume Guide Calibration
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11.3 Values obtained within the acceptable testing range
intervals in Table 2 indicate that the instrument is performing
at the level deemed acceptable by this standard. If values
outside the acceptable testing range intervals are obtained,
verify the quality of the pure compound(s) and re-check the
calibration of the instrument (see Section 10). (Note that the
use of single component verification materials such as those
listed in Table 1 will only prove the calibration of the
equipment. It will not check the accuracy of the entire test
method, including sample handling, because losses due to
evaporation will not decrease the sample vapor pressure as
happens with losses of light ends in multi-component mixtures.
The vapor pressure measurement process (including operator
technique) may be checked periodically by performing this test
method on previously prepared samples from one batch of
product, as per procedure described in Section 12. Samples
should be stored in an environment suitable for long-term
storage without sample degradation. Analysis of result(s) from
these quality control samples may be carried out using control
chart techniques.6)

12. Procedure

12.1 General Requirements:
12.1.1 Fig. 4 illustrates the basic steps required to obtain a

sample for expansion to a 4:1 V/L ratio. Use of other
combinations of volumetric guides will produce different V/L
ratios depending on the desired application. Table 3 includes
the most common guide combinations that could be used with
the recommended guides.

12.1.2 This practice may be used for sample points having
positive pressure from head pressure, pump pressure, or at
atmospheric pressure.

12.1.3 The apparatus is capable of providing sufficient
suction to sample from atmospheric tanks without head pres-
sure available, such as from a manway or overhead valve. Care
should be taken to ensure sample transfer lines to the apparatus
do not exceed the total volume of the apparatus.

12.1.4 During purging and sampling operations, it is neces-
sary to both extend and compress the piston within the sample
chamber. At elevated source pressures, compression of the
piston can require significant mechanical force from the user.
Based on the piston cross sectional area, the mechanical force
required for compression is approximately 90 % of the source
pressure. For example: A 350 kPa (50 psi) sample source will
require 310 kPa (45 psi) of mechanical pressure to compress
the piston. It is recommended to maintain the apparatus
between waist and shoulder height with the apparatus end

placed against a solid surface during piston compression. The
apparatus height with respect to body position and the use of a
solid surface for bracing will maximize the mechanical output
of the user.

12.1.4.1 In the event that mechanical compression is not
practical, compressed gas may be used to provide hydraulic
force on the piston. Compressed gas used shall not exceed the
maximum working pressure for the apparatus.

12.1.5 Insertion of the volumetric guide is best done by
holding the guide between the thumb and forefinger and using
the remaining fingers to pull the piston handle. This will allow
the user to insert the guide over the piston rod and into position
while simultaneously extending the piston during sample
expansion.

12.1.6 This practice is not suitable for sample points having
pressures greater than 700 kPa (nominal 100 psi).

12.2 Sampling Procedure:
12.2.1 CLOSE valve (B).
12.2.2 OPEN valve (A).
12.2.3 PUSH the piston fully into cylinder to expel any air.
12.2.4 CLOSE valve (A). See Fig. 4-A for pre-sampling

configuration including piston and valve positions.
12.2.5 PULL the piston to the fully extended position.
12.2.6 INSERT the 100 % volumetric guide to maintain the

piston at the fully extended position.
12.2.7 OPEN valve (B) and monitor the vacuum measure-

ment for 2 min to detect any change in pressure.
12.2.7.1 If no pressure change is detected, this indicates the

apparatus is properly sealed and no high volatility material
remains.

12.2.7.2 If a pressure change is detected, this indicates a
possible leak or that high volatility material remains in the
apparatus. Clean the apparatus as per Section 9 and repeat
12.2.5 – 12.2.7. If the check fails again, then the apparatus
needs to be disassembled to confirm seals are intact and
appropriately lubricated.

12.2.8 REMOVE the 100 % volumetric guide.
12.2.9 CLOSE valve (B) to isolate the measurement gauge.

NOTE 5—It is critical that valve (B) remains closed to ensure the
measurement gauge is not subjected to pressures beyond its capacity.
Simple compression of the fluid within the cylinder by pushing on the
piston can result in significant pressure increases and could damage the
measurement gauge. Only open valve (B) when taking the final vapor
pressure measurement.

12.2.10 CONNECT valve (A) to the source valve using
high-pressure flexible tubing.

12.2.11 SLOWLY OPEN the source valve to pressurize the
tubing to valve (A).

12.2.12 POSITION the apparatus with the sample chamber
raised a minimum of 25 mm (1 in.) from horizontal with the

6 MNL 7, Manual on Presentation of Data Control Chart Analysis, “Section 3:
Control Charts for Individuals,” 6th edition, ASTM International, W.
Conshohocken, PA.

TABLE 2 Acceptable Testing Range for Air Saturated Reference Fluids

Reference Fluid
ARV [Ptot] ± Acceptable Tolerance,

(kPa) @ V/L 4:1 (37.8 °C)

Acceptable Testing Range
for Reference Material [Ptot],

(kPa)

Pentane 112.8 ± 8.1 112.8 ± 8.1 (104.7 to 120.9)
2,2 Dimethylbutane 74.1 ± 8.1 74.1 ± 8.1 (66.0 to 82.2)
2,3 Dimethylbutane 57.1 ± 8.1 57.1 ± 8.1 (49.0 to 65.2)
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piston handle lower and gauges facing the user. The sample
chamber will be facing upwards with the sample outlet on the
cylinder at the top.

NOTE 6—The measurement cylinder position is intended to allow any
air within the apparatus to be displaced during purge operations.

12.2.13 While holding the piston firmly in place SLOWLY
OPEN valve (A) to pressurize the apparatus and fill the dead
volume. See Fig. 4-B. DO NOT pressurize the apparatus with
the piston handle facing towards the operator. (Warning—Use
caution as the piston is now under pressure and can be forced
out to its full extension if not handled carefully.)

12.2.14 MOVE the piston to its fully extended position then
back to fully compressed minimum three times. This activity
will fill and purge the cylinder with fresh sample to ensure the
captured sample is representative.

12.2.15 Allow the cylinder to FILL completely. See Fig.
4-C.

12.2.16 Using the volumetric guide, compress the piston
until the guide fits on the piston rod with the base of the handle
pressed firmly to the bottom of the guide. See Fig. 4-D.

12.2.17 With the volumetric guide held firmly in place,
CLOSE valve (A) to isolate the sample source from the
apparatus.

12.2.18 REMOVE the first volumetric guide and EXTEND
the piston until the next volumetric guide fits on the piston rod
with the base of the handle pressed firmly to the bottom of the
guide. See Fig. 4-E.

12.3 Vapor Pressure Measurement at Sampling Site Tem-
perature:

12.3.1 SHAKE the field test apparatus for 30 s to 60 s to
agitate the sample and allow the vapor and liquid phases to
reach equilibrium. While shaking DO NOT invert the appara-
tus to minimize the amount of that liquid that may become
entrained in the tubing, gauges and valves.

FIG. 4 Sampling Procedure (4:1 V/L Ratio)

TABLE 3 Volumetric Guide Combinations

Liquid Guide
Percent

Liquid Fill
(mL)

Expansion Guide
Total Volume

(mL)
Vapor Volume

(mL)
V/L Ratio

(x:1)
Uses

20 20 100 100 80 4:1 Comparison to RVP
results

80 80 100 100 20 0.25:1 Typical 20 % outage
for transport
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12.3.2 POSITION the apparatus in the vertical position with
the piston handle down.

12.3.3 OPEN valve (B) and RECORD the pressure from the
measurement gauge.

12.3.4 RECORD the field test apparatus measurement cyl-
inder temperature (see 7.4).

12.4 Vapor Pressure Measurement at Specified Tempera-
ture:

12.4.1 IMMERSE the field test apparatus measurement
cylinder in a temperature-controlled bath at the desired tem-
perature until the cylinder temperature is stable for 3 min.

NOTE 7—Only the field test apparatus measurement cylinder should be
immersed or subjected to elevated temperatures. Gauges can be damaged
if heated. If using a liquid bath, immerse only the cylinder in a horizontal
position with the gauges remaining above the liquid level. The apparatus
shall not be placed in temperature-controlled oven, since the gauges
cannot be isolated from the oven temperature.

12.4.2 REMOVE the field test apparatus measurement cyl-
inder from the liquid bath and SHAKE the cylinder for 30 s to
agitate the sample to allow the vapor and liquid phases to reach
equilibrium.

12.4.3 IMMERSE the field test apparatus measurement
cylinder to confirm the temperature is stable for 1 min.

12.4.4 RECORD the field test apparatus measurement cyl-
inder temperature (see 7.4).

12.4.5 OPEN valve (B) and RECORD the pressure from the
measurement gauge.

13. Calculations

13.1 Correcting vapor pressure results for positive pressure
gauge reading.

CVP~pos! 5 VPg1BP (6)

where:
CVP(pos) = corrected vapor pressure (kPa),
VPg = pressure gauge reading (kPa), and
BP = barometric pressure (kPa).

13.2 Correcting vapor pressure results for negative
(vacuum) pressure gauge reading.

CVP~neg! 5 BP 2 VPg (7)

where:
CVP(neg) = corrected vapor pressure (kPa),
VPg = pressure gauge reading (kPa), and
BP = barometric pressure (kPa).

NOTE 8—If the barometric pressure is not available at the time of
measurement in the field, it can often be obtained from the nearest airport
or weather station. Considering this method is designed for field use, if no
barometric pressure can be obtained standard pressure (101.325 kPa) is
suitable for calculation.

14. Report

14.1 Report the results to the nearest 1 kPa and specify the
test temperature, vapor/liquid ratio, and reference this test
method.

VPCR2Fx~Tm ° C! 5 ##kPa (8)

where:
VPCR-Fx = CVP(pos) or CVP(neg),
X = vapor/liquid ratio used, and
Tm = measurement temperature (°C).

15. Precision and Bias

15.1 Precision—The precision of this test method as deter-
mined by the statistical examination of a single laboratory’s
results (15.1.1). The results are based on ten replicate tests at
three different V/L ratios on two sample types including a light
shale crude and light conventional crude. The tests were
performed at 37.8 °C at the following V/L ratios: 0:1, 0.25:1,
and 4:1. Vapor pressures from 34 kPa to 136 kPa were mea-
sured. The repeatability (15.1.1) is based on a pooled standard
deviation (see Table 4). The precision data are provisional, and
further data are to be developed in an inter-laboratory coop-
erative test program before the five-year re-approval required
by the society.

15.1.1 Repeatability—The difference between successive
results, obtained by the same operator with the same apparatus
under constant operating conditions on identical test material,
would in the long run, in the normal and correct operation of
the test method, exceed the following values in 1 case in 20.

TABLE 4 Statistical Data for Repeatability Evaluation

Vapor Pressure of Crude Oil (Manual Method) at 37.8 °C

VPCR_0, kPa VPCR_0, kPa VPCR_0.25, kPa VPCR_0.25, kPa VPCR_4, kPa VPCR_4, kPa

Lt. Shale Crude Lt. Conv. Crude Lt. Shale Crude Lt. Conv. Crude Lt Shale Crude Lt. Conv. Crude

1 128.9 118.6 108.2 70.9 74.3 37.2
2 132.4 128.9 108.2 67.6 74.3 37.2
3 128.9 118.6 108.2 70.9 74.3 37.2
4 135.8 122.0 111.7 64.2 77.7 33.8
5 132.4 122.0 108.2 64.2 74.3 33.8
6 128.9 111.7 108.2 64.2 77.7 33.8
7 128.9 122.0 108.2 67.6 74.3 37.2
8 125.5 118.6 108.2 67.6 74.3 37.2
9 125.5 122.0 104.8 64.2 70.9 33.8
10 125.5 115.1 104.8 67.6 74.3 37.2

Average 129.3 120.0 107.9 66.9 74.7 35.8
stdev 3.4 4.7 2.0 2.7 1.9 1.7
RMS Repeatability
2.9 8.1 kPa

RMS = Root Mean Square
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Measured Vapor Pressure Repeatability
VPCR-FX(Tm°C) 8.1 kPa (1.2 psi)

15.1.2 Reproducibility—The reproducibility of this method
is expected to be available on or before (May 2019).

15.2 Bias—Since there is no accepted reference material
suitable for determining the bias for the procedures in this test
method, a bias cannot be determined.

16. Keywords

16.1 crude oil; crude petroleum products; expansion
method; field measurement; live crude oil; vapor pressure;
VPCRx-F(Tm°C) expansion

ANNEX

(Mandatory Information)

A1. APPARATUS

A1.1 TVP Field Test Apparatus:

A1.1.1 The TVP Field Apparatus shall consist of a hydraulic
cylinder, vapor pressure measurement gauge, source pressure
measurement gauge, and temperature control equipment con-
forming to the following requirements:

A1.1.1.1 Hydraulic Cylinder7, shall be made of stainless
steel with aluminum end caps and conform to the dimensional
requirements prescribed in Fig. A1.1, Fig. A1.2, and Table
A1.1.

A1.1.1.2 Fittings and Valves, shall be made of stainless steel
with a working pressure greater than 700 kPa (nominal 100
psi). Fittings and shall be configured as per Fig. A1.3 and Fig.
A1.4.

A1.1.1.3 Valves, shall be ball type.
A1.1.1.4 Vapor Pressure Measurement Gauge, shall be a

dual range vacuum/pressure gauge capable of measuring –100
kPa vacuum to 100 kPa positive pressure. (0 = atmospheric
pressure)

A1.1.1.5 Source Pressure Measurement Gauge, shall be
have a measurement range from 0 kPa (atmosphere) to 450 kPa
(65 psi).

A1.1.1.6 The temperature control equipment may be a
liquid bath or other suitable means of controlling the instru-
ment temperature.

A1.1.1.7 The measuring chamber shall contain a movable
piston with a minimum dead volume of less than 1 % of the
total volume with piston fully engaged with the sample
chamber end cap position to allow sample introduction into the
measuring chamber and expansion to the desired V/L.

A1.1.1.8 The measuring chamber shall contain an inlet/
outlet valve combination for sample introduction and expul-
sion. The piston and the valve combination shall be at the same
temperature as the measuring chamber to avoid any condensa-
tion or excessive evaporation.

A1.1.1.9 The measuring chamber shall be designed to have
a total volume of greater than 100 mL and shall be capable of
maintaining a V/L of 4:1 to 0.25:1. The accuracy of the
adjusted V/L shall be within 0.01.

A1.1.1.10 Volumetric Guides, shall be made of stainless
steel, aluminum, or other suitable material that will perform
without deforming over time. Guides shall be “C-Channel”
type to allow insertion over the piston rod (see Fig. A1.5).

7 The sole source of supply of the Hydraulic Cylinder (Part No: FO-098) known
to the committee at this time is manufactured by Bimba Manufacturing 25150 S.
Governors Hwy, University Park, IL, USA 60484 (708) 534-8544. If you are aware
of alternative suppliers, please provide this information to ASTM International
Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee,1 which you may attend.

FIG. A1.1 Hydraulic Cylinder Schematic with Typical Dimensions
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Dimension A will determine the V/L ratio and will be depen-
dent on the calibration performed in section 10. Guides may be
cut to provide desired V/L ratio(s). Dimension B (internal

diameter) shall be greater than the piston rod diameter. Dimen-
sion D shall be greater than the piston rod diameter plus the
material thickness.

FIG. A1.2 Hydraulic Cylinder Detail

TABLE A1.1 Hydraulic Cylinder Details (typical dimensions in inchesA )
Bore A Ba* +

Stroke
C D DD E E

Standard
F H K J L

1-1⁄16 2.00 8.88 1.69 #6 4 0.70 5⁄16- 24
UNF

0.50 0.44 0.25 0.50 1⁄8 NPT

A Cylinder dimensions in Fig. A1.1, Fig. A1.2, and Table A1.1 are specified in inches based on the current requirement for use of these values in ordering parts from the
current recommended supplier. The equivalent SI specified cylinders meeting the volume requirements are acceptable.

FIG. A1.3 Apparatus Expanded View
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APPENDIXES

(Nonmandatory Information)

X1. ABBREVIATED PROCEDURE

X1.1 Sampling Procedure:

X1.1.1 CLOSE valve (B).

X1.1.2 OPEN valve (A).

X1.1.3 PUSH the piston fully into cylinder to expel any air.

X1.1.4 CLOSE valve (A). See Fig. X1.1-A for pre-sampling
configuration including piston and valve positions.

X1.1.5 PULL the piston to the fully extended position.

X1.1.6 INSERT the 100 % volumetric guide to maintain the
piston at the fully extended position.

X1.1.7 OPEN valve (B) and monitor the vacuum measure-
ment for 2 min to detect any change in pressure.

X1.1.8 If no pressure change is detected, this indicates the
apparatus is properly sealed and no high volatility material
remains.

X1.1.9 If a pressure change is detected, this indicates a
possible leak or that high volatility material remains in the
apparatus. Clean the apparatus as per Section 9 and repeat
X1.1.5 – X1.1.7. If the check fails again, then the apparatus
needs to be disassembled to confirm seals are intact and
appropriately lubricated.

X1.1.10 REMOVE the 100 % volumetric guide.

X1.1.11 CLOSE valve (B) to isolate the measurement
gauge.

NOTE X1.1—It is critical that valve (B) remains closed to ensure the
measurement gauge is not subjected to pressures beyond its capacity.

FIG. A1.4 Expanded View of Fittings and Assembly

FIG. A1.5 Volumetric Guide
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Simple compression of the fluid within the cylinder by pushing on the
piston can result in significant pressure increases and could damage the
measurement gauge. Only open valve (B) when taking the final vapor
pressure measurement.

X1.1.12 CONNECT valve (A) to the source valve using
high-pressure flexible tubing.

X1.1.13 SLOWLY OPEN the source valve to pressurize the
tubing to valve (A).

X1.1.14 POSITION the apparatus with the sample chamber
raised a minimum of 25 mm (1 in.) from horizontal with the
piston handle lower and gauges facing the user. The sample
chamber will be facing upwards with the sample outlet on the
cylinder at the top.

NOTE X1.2—The measurement cylinder position is intended to allow
any air within the apparatus to be displaced during purge operations.

X1.1.15 While holding the piston firmly in place SLOWLY
OPEN valve (A) to pressurize the apparatus and fill the dead
volume See Fig. X1.1-B. DO NOT pressurize the apparatus
with the piston handle facing towards the operator.
(Warning—Use caution as the piston is now under pressure
and can be forced out to its full extension if not handled
carefully.)

X1.1.16 MOVE the piston to its fully extended position
then back to fully compressed minimum three times. This
activity will fill and purge the cylinder with fresh sample to
ensure the captured sample is representative.

X1.1.17 Allow the cylinder to FILL completely. See Fig.
X1.1-C.

X1.1.18 Using the volumetric guide, compress the piston
until the guide fits on the piston rod with the base of the handle
pressed firmly to the bottom of the guide. See Fig. X1.1-D.

X1.1.19 With the volumetric guide held firmly in place,
CLOSE valve (A) to isolate the sample source from the
apparatus.

X1.1.20 REMOVE the first volumetric guide and EXTEND
the piston until the next volumetric guide fits on the piston rod
with the base of the handle pressed firmly to the bottom of the
guide. See Fig. X1.1-E.

X1.2 Vapor Pressure Measurement at Sampling Site Tem-
perature:

X1.2.1 SHAKE the field test apparatus for 30 s to 60 s to
agitate the sample and allow the vapor and liquid phases to
reach equilibrium. While shaking DO NOT invert the appara-
tus to minimize the amount of that liquid that may become
entrained in the tubing, gauges and valves.

X1.2.2 POSITION the apparatus in the vertical position
with the piston handle down.

X1.2.3 OPEN valve (B) and RECORD the pressure from
the measurement gauge.

FIG. X1.1 Sampling Configurations
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X1.2.4 RECORD the field test apparatus measurement cyl-
inder temperature (see 7.4).

X1.3 Vapor Pressure Measurement at Specified Tempera-
ture:

X1.3.1 IMMERSE the field test apparatus measurement
cylinder in a temperature-controlled bath at the desired tem-
perature until the cylinder temperature is stable for 3 min.

NOTE X1.3—Only the field test apparatus measurement cylinder should
be immersed or subjected to elevated temperatures. Gauges can be
damaged if heated. If using a liquid bath, immerse only the cylinder in a
horizontal position with the gauges remaining above the liquid level. The
apparatus shall not be placed in temperature-controlled oven, since the
gauges cannot be isolated from the oven temperature.

X1.3.2 REMOVE the field test apparatus measurement
cylinder from the liquid bath and SHAKE the cylinder for 30
s to agitate the sample to allow the vapor and liquid phases to
reach equilibrium.

X1.3.3 IMMERSE the field test apparatus measurement
cylinder to confirm the temperature is stable for 1 min.

X1.3.4 RECORD the field test apparatus measurement cyl-
inder temperature (see 7.4).

X1.3.5 OPEN valve (B) and RECORD the pressure from
the measurement gauge.

X1.3.6 Proceed to Sections 13 and 14 for calculations and
reporting.

X2. VAPOR PRESSURE OF CRUDE OIL VERSUS TEMPERATURE

X2.1 For several purposes, for example, transport and
storage, it may be useful to measure the vapor pressure
behavior of crude oil versus temperature. To obtain such
information proceed as follows:

X2.1.1 Follow the instructions outlined in 12.3 and 12.4.
The initial measuring temperature is set to the lowest tempera-
ture of interest.

X2.1.2 Increase the measuring temperature in steps to the
highest temperature of interest but not higher than 60 °C.
Follow instructions outlined in 12.3 and 12.4.

X2.1.3 The result is either recorded as a series of values, or
plotted as log (VPCRX-F) versus 1/T, where T is the absolute
measuring temperature in K (°C + 273.2).

NOTE X2.1—No precision data have been developed for temperatures
different from 37.8 °C.
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