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Foreword

ISO (the International Organization for Standardization) is a worldwide
federation of national standards bodies (ISO member bodies). The work
of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for
which a technical committee has been established 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. ISO
collaborates closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by atlleast 75 % of thelmember/bodies casting
a vote.

International Standard ISO 9200 was prepared by Technical Committee
ISO/TC 28, Petroleum products and lubricants, Sub-Committee SC 2, Dy-
namic petroleum measurement.
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Introduction

This International Standard is intended as a guide to the design, instal-
lation, operation and proving of meters and their auxiliary equipment used
in metering viscous hydrocarbons.

The objective of this International Standard is to stress the differences
between metering high viscosity hydrocarbons and the normal application
of metering to less viscous hydrocarbon liquids.

Some operations require purging the viscous liquids from the lines to
prevent congealing during idle periods or to prevent contamination. If the
air or gas used to displace the liquid is pumped through the meter when
refilling the lines, the meter may operate at excessively high rates. This
can cause damage to the maving, parts, of the meter and may result in
erroneous meter registration. The recommendations in this International
Standard should assist in avoiding misoperation, and the recommen-
dations, if fallowed, should-protect the meter from damage and inaccurate
measurement due to entrapment of air or gas. Where alternative pro-
cedures, .are,.given,, the recommendations of the meter manufacturer
should be followed.
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INTERNATIONAL STANDARD

ISO 9200:1993(E)

Crude petroleum and liquid petroleum products —
Volumetric metering of viscous hydrocarbons

1 Scope

This International Standard defines viscous hydro-
carbons and describes the difficulties that arise when
viscous hydrocarbons are raised to high temperatures.
The effects of such temperatures upon meters,
auxiliary equipment and fittings are discussed, and
advice and warnings to overcome or mitigate diffi-
culties are included.

2 Definition

For the purposes of this International Standard, a
viscous hydrocarbon is defined as any Jiquid
hydrocarbon that requires special'treatment ‘or'equip-
ment in its handling or storage because of its'resist-
ance to flow.

Examples of liquid hydrocarbons which are generally
considered as viscous are residual fuels with a vis-
cosity greater than 750 mz/s at 50 °C, bitumens (both
penetration grades and cutbacks), most lubricating
oils and grease components, as well as some crude
oils. Note that viscosity is a parameter in its own right,
regardless of temperature.

NOTE 1 It is possible that another liquid not needing
these precautions might have some of the characteristics
or present some of the measurement problems character-
istic of viscous hydrocarbons.

3 Description of metering systems

3.1 Selection and installation of meters and
auxiliary equipment

3.1.1 General

Care should be taken in the selection and installation
of meters and auxiliary equipment. The selection of
air removers (eliminators) is of particular importance
when used in viscous liquid service and is discussed
separately in 3.1.6.

If the meter is to be installed in a vertical line, special
consideration should be given to equipment design.
Some types of meters are not designed for such an
installation, and the performance of these types could
be affected.

Because of the various types of meters available and
the wide differences in liquids and measurement
conditions, it is important that the meter manufacturer
bergiven completesinformation on the proposed ap-
plication.The information that should be provided is
listed in, 3.1.2.

3.1.2 Special meter construction

Many, viscous liquids are heated in order to reduce
viscosity and facilitate handling. If the viscous liquids
are to be heated, certain special details in the meter's
construction and manufacture are required. Extra
clearance between moving parts may be provided to
prevent interference, to reduce the work load re-
quired, and to compensate for the higher temperature
and altered viscosity. Certain viscous liquids can con-
tain corrosive materials, and this corrosivity can in-
crease as the liquid temperature increases. Where
significant, the metallurgy of the meter, its trim and
auxiliary equipment shall be capable of resisting this
corrosion. At elevated temperatures, special meter
construction materials may be required. Where dis-
similar metals are used, the high temperature can re-
sult in mechanical interference caused by differences
in metal expansion. This is particularly true where lin-
ers or lining sleeves are used. The use of devices
such as ventilated counter extensions may be
necessary to separate the counter and the meter ad-
juster from the heat source.

Meters used in the transfer of liquids at elevated
temperatures are often fitted with automatic tem-
perature compensators that automatically adjust the
counter registration to 15 °C. These compensators are
designed to cover a certain range of operating tem-
peratures. If a registration adjusted to 15 °C is de-
sired, the range of operating temperatures shall be
accurately specified, as well as the density of the lig-
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uid or its coefficient of expansion. Operating a tem-
perature compensator at temperatures above its
design range will result in inaccurate registration and
can damage the device. Standby temperature during
idle periods can exceed the design temperature rating
and result in damage to the automatic temperature
compensator or to the moving parts of the meter.

The meter manufacturer can make recommendations
specific for the intended operating conditions to mini-
mize possible problems. The manufacturer should be
provided with the following information:

— flow rate range at maximum and minimum vis-
cosities;

— maximum and minimum operating pressures;
— maximum and minimum temperatures;
— anticipated standby (or off-duty) temperature;

— viscosity of fluid at maximum and minimum tem-
peratures (pascal-second, centipoise or any other
recognized viscosity indication);

— specific gravity of fluid at maximum and, minimum
temperatures;

— type of proving equipment under consideration;

— nature and amount of any corrosive elements
present;

— nature and amount of any abrasive elements
present;

— compatibility (or noncompatibility) of construction
material with the fluid.

3.1.3 Displacement meters

Displacement meters have performance character-
istics on viscous fluids different from inferential and
turbine meters. Performance in a displacement meter
is affected by meter slippage. Slippage is the un-
metered flow passing through the mechanical clear-
ance between the moving parts of the meter, and is
caused by the differential pressure across a heated
meter resulting from mechanical and fluid friction. The
magnitude of the slippage flow, which can be con-
sidered to have a laminar flow regime, is related to
the meter flow rate, the size of the clearances, the
viscosity and the fluid density. There is considerably
less slippage through a meter as liquid viscosity in-
creases. When a high degree of accuracy is required,
re-proving is suggested with any viscosity change to
re-establish accuracy.

Some types of displacement meters can handle any
viscous liquid that can be pumped, whereas others
may be limited to handling liquids of specified maxi-
mum viscosities. All types, however, have their maxi-

mum recommended flow rate reduced as the
viscosity increases. The amount of flow rate reduction
can vary with equipment from different manufac-
turers. A maximum limit on flow rate at high viscosity
is necessary to maintain the meter pressure drop
within the design limits, to prevent cavitation and to
reduce the viscous shear load on moving parts.

3.1.4 Inferential and turbine-type meters

For turbine meters, changes in liquid viscosity result
in a shift in the meter factor and a change in the range
of flow rates over which the turbine meter will per-
form with close accuracy. A change in fluid viscosity
requires re-proving of the meter for best accuracy.
Turbine meters are available with viscosity-
compensating devices or they can be designed to
compensate for changes in viscosity, and are capable
of operating over an acceptable flow range. In ser-
vices where the turbine meter will be operating at
flow rates which do not vary greatly, acceptable ac-
curacy can be obtained if the meter is proved and if
meter factors are established for the various expected
viscosities and rates. These factors should be repro-
ducible.

Since the viscosity [of ailiquid may change consider-
ably’with a"change in' temperature, all meters should
be re-proved for changes in temperature as well as
changes in Viscosity. Re-proving will establish a basis
for determining the frequency of proving that may be
reguired to achieve the desired accuracy of measure-
ment/7When: the:(temperature of the metered liquid
can-vary by, more than a few degrees during deliver-
ies, a temperature recorder is recommended.

Because of these viscosity factors, inferential and
turbine-type meters for use on viscous hydrocarbons
can be limited in performance; however, they should
not be ruled out.

3.1.5 Heating methods

If it is necessary to heat the liquid for ordinary pump-
ing and handling, the liquid in the meter and the up-
stream piping should also be kept heated. The
principal objective is to reduce the viscosity to a
practical flow condition and prevent solidification dur-
ing idle periods.

Accessory equipment, such as valves, strainers and
air eliminators, must be heated and insulated. This
applies particularly to air eliminator venting mech-
anisms and control valve pilots.

For services in which the liquid is heated while in
storage, it is sometimes possible to keep the liquid in
the line to the meter and the accessories heated by
circulating the liquid through a return line. This
method is of particular value on tank trucks where
auxiliary heating methods are difficult to provide.
Some double-case meters can be installed so that the
meter housing is part of the circulating system. In this



type of installation, the return line is connected to the
meter's outer housing. With single-case meters, the
return line should tee off as close to the meter inlet
as possible (see figure 1). In some applications, circu-
lating the liquid through the entire meter system
might be advisable; however, a means is necessary
to prevent registration on the meter counter during
such periods of circulation. An automatic method of
controlling circulation and counter registration is sug-
gested in this type of installation. Valves should be
located in the return line to permit easy control of
flow. Solenoid or motor-operated valves permit con-
trol of the circulation from a remote control point.

Heating will reduce the viscosity of most liquids, and
the best heat transfer function may be effected by a
variety of devices or methods. Where steam is avail-
able, the lines may be steam-traced. Many recent in-
stallations use hot oil for tracing the lines. In either
case, the meter and the accessories also can be
heat-traced. In handling very viscous liquids, it may
be necessary to use steam-jacketed meters and ac-
cessory equipment. This equipment can also be used
where hot oils are the tracing medium. Where steam
or hot-oil tracing or jacketing is not possible, electric
heating can be used as an alternative method. In
smaller installations, the userof electric heating cable
may be adequate and less costly.

It is important that the desired température of the
liguid be maintained within reasonably close limits,
not only for safety reasons, but also because meter
accuracy is affected by variations in viscosity resulting
from temperature fluctuations:.

If a displacement meter is provided with extra ciear-
ances for use at a high operating temperature, that
temperature should not be exceeded, and the meter
should be operated within a reasonable limit of this
specified temperature.

If the meter is operated at a temperature higher than
that for which it is designed, interference between
moving parts resulting in wear (or prevention of oper-
ation) can occur. Meters provided with extra clearance
for use in high temperature andjor high viscosity op-
eration are not suitable for use with liquids of low
viscosity and/or at low temperature.

The liquid temperature must be held below the point
which might cause vaporization of the product or any
of its components and might result in inaccurate me-
ter registration. In some cases, care must be exer-
cised to prevent overheating of the liquid to a point
where ignition might occur when it is exposed to the
atmosphere. Overheating can also cause coking or
chemical changes in some liquid hydrocarbons, which
may affect meter performance or even damage the
meter, and could possibly cause undesirable changes
in the liquid.
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3.1.6 Air remover (eliminator)

It is difficult to separate entrained air or vapour from
most viscous liquids. As viscosity increases, the time
required for separating fine bubbles of air or vapour
from the liquid increases. The removai of entrained
bubbles requires a large air-eliminator tank to effect
separation. In most instances, this approach is un-
economical from the point of cost and required space.

The pumping of air or vapour should be prevented. A
return line, as mentioned in 3.1.5, permits purging the
system by returning any air or vapour to the storage
tank. In effect, this uses the storage tank as an air
eliminator. Where a return line can be used, circu-
lation should be maintained long enough to ensure
that all air or vapour has been carried back to the
storage tank. This may be based on time, with liquid
being pumped for a period of time more than suf-
ficient to displace the original contents of the line to
the meter.

A new installation must be started up carefully. The
entire metering system should be filled at a reduced
rate until all air pockets have been eliminated from the
equipment: Anrairypocket in a meter can result in
damage if flow'is stopped or started quickly, creating
a surge pressure.

The liquid in storage tanks can contain air or vapour
bubbles, possibly caused by the method of heating
or-by. pumping liquid.into the storage tank at the same
time, that liquid is being pumped out. Some crude oils
foam when heated, and it may be necessary to allow
the tank to settle out before withdrawing the product.
A sampling device or test method may be required to
determine when the air or vapour content is at an ac-
ceptable level. If this type of operation must be used
without allowing sufficient time for separating out the
air or vapour, an air eliminator designed for the par-
ticular operating conditions is suggested. In this case
the manufacturer should be consulted.

Where air or vapour must be pumped and cannot be
removed with a circulating line or return line, a control
valve may be used to stop the flow when air or vapour
is detected (see figures 2 and 3). Several systems are
available which use valves that are operated elec-
trically, hydraulically or by air. A means is provided for
detecting the presence of air or vapour in the pump,
in the line or in the air eliminator. The detector then
actuates the control valve. With these systems, the
amount of air or vapour that must be eliminated is not
large, and an air eliminator of moderate size should
be sufficient. Examples of installations where this
type of system might be required are tank truck meter
systems and systems for unloading tank cars, barges,
tankers and transport trucks.
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The accuracy requirements of the installation are a
major factor in determining the design of the air
eliminator installation. The removal of free air or va-
pour that might exist in the piping system may be all
that is required. An air eliminator of moderate size
could be used provided the vent and vent lines are of
adequate size to handle air at the maximum pumping
rate.

The type and size of system needed to eliminate the
air or vapour is determined by the installation design,
pumping method and operating methods. A
centrifugal pump will not pump a large amount of air,
even on viscous products. A positive displacement
pump will pump considerable quantities of air. The
possibility of drawing a vortex when liquid level is low
in the storage tanks can create a problem. The purg-
ing or evacuation of lines between pumpings can
cause large quantities of air to be pumped.

The type or size of air eliminator equipment depends
on the amount of air to be encountered, the form in
which it will occur, the pumping rate, the viscosity of
the liquid, and the overall accuracy requirements of
the installation. To maintain both precision and re-
liability, particular attention to the selection of air-
eliminating equipment is recommended.

4 Meter proving

In the petroleum industry the term “proving” is-used
to describe the procedure’of'calibrating ‘volumetric
meters on crude oil and petroleum products!iThé
most usual way to prove a meter is to pass a quantity
of liquid through it into an accurate device for
measuring volume, known as a prover.

With some proving methods, certain precautions shall
be taken because of the viscosity or opacity of the
liquid or because of its heated condition. When the
liquid being measured is heated, the proving system
should be insulated.

In general, meters used on viscous liquids hold their
accuracy longer and, as a rule, do not need to be
proved as often as those used on lighter liquids.
Choosing the proving method to be used depends on
several considerations. Any comparison of proving
methods should consider initial cost, space require-
ments and ease of operation as related to the meter
accuracy desired.

For example, a meter measuring a viscous crude oil
in a pipeline at a point of custody transfer would very
likely require the highest degree of accuracy obtain-
able. This could justify a fairly expensive proving in-
stallation, thus a pipe prover would be recommended.
Another example might be a dock installation where
space is restricted. In this case, the proving method
depends on the accuracy desired. If a high degree of
accuracy is required, a pipe prover can be selected. In
some installations of this type, meters may be re-
moved from the installation and transported to an
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onshore location for proving. Space limitations and
other considerations could indicate that the master
meter method of proving is the most desirable.

Although some of the various proving methods
discussed above can have apparent advantages for a
particular installation, the pipe prover method is rec-
ommended for best results on viscous fluids.

4.1 Pipe provers

The inherent advantage of pipe provers over tank
provers for proving viscous liquids is that the wiping
of the prover pipe walls by the displacer is more re-
producible. In a tank prover, clingage of liquid to the
inside walls can be greatly affected by viscosity and
therefore by changes in temperature.

4.2 Tank provers

It is possible to use a tank prover with viscous liquids.
For maximum accuracy, the prover should be de-
signed for this specific use and properly operated as
outlined below. If it is to be used on viscous liquids
that_are opague, a method should be provided for
cleaning'the sightior gauge glasses so the liquid level
can be read accurately. If the tank prover is calibrated
with water or a liquid of low viscosity, a clingage film
should be established before calibration by filling and
emptying the prover with the viscous liquid to be
handled in the installation.

The''clingage film is, in principle, a film of the liquid
being handled, but with some liquids, exposure to the
atmosphere or air may cause oxidation of the film.
Oxidation can result in a gradual increase in thickness
of the clingage, with one oxidized layer being formed
on top of the previous layer. With some liquids, wax
incrustation can be a problem because of a gradual
buildup of the oxidized clingage film.

Clingage will also be affected by the temperature of
the delivered proving draft and by ambient tempera-
tures. The effect is most pronounced when the liquid
is not heated or when considerable time elapses be-
tween proving runs. If a tank prover is used on various
liquids, the clingage film established with one liquid
may be partially removed if the prover is subsequently
used on a liquid having a higher temperature.

If the tank prover is to be used with various liquids
covering a wide range of viscosities, the prover should
be calibrated with a clingage film from liquids of two
or more representative viscosities in order to obtain
maximum accuracy. This may require different gauge
scales, at either the top or the bottom neck of the
prover. To avoid confusion, the various viscosity zero
points on the gauge scales should be clearly marked.

If the clingage film on the prover walls will affect the
volume of the prover, it is preferable to remove the
film by spraying or washing the interior surfaces of
the prover. However, the cone bottom and cone top
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