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1. SCOPE

This Standard represents the minimum technical requirements for the construction and installation of positive displace-
ment meters, turbine meters and all accessory equipment used in custody transfer of liquid hydrocarbon.

In any case, manufacturer installation instruction should be strictly followed.

2. REFERENCES

Throughout this Standard the following standards and codes are referred to. The editions of these standards and codes
that are in effect at the time of publication of this Standard shall, to the extent specified herein, form a part of this Stan-
dard. The applicability of changes in standards and codes that occur after the date of this Standard shall be mutually
agreed upon by the Company and the Contractor.

API (AMERICAN PETROLEUM INSTITUTE)
RP-550 "Manual on Installation of Refinery Instruments and Control Systems"
Chapter 4 "Accessory Equipment for Liquid Meters"
Section 2 "Conventional Pipe Provers"
Section 5 "Master-standard Test Measures"

Chapter 5 "Manual of Petroleum Measurement Standards Liquid Metering"
Section 2 "Measurement of Liquid Hydrocarbons by Displacement Meters"
Section 3 "Measurement of Liquid Hydrocarbons by Turbine Meters"
Section 4 "Accessory Equipment for Liquid Meters "

Section 5 "Fidelity and Security of Flow Measurement Pulsed-Date Transmission
Systems"

Chapter 6 "Proving Systems"

API Spec. 6D "Specification for Pipeline Valves"

API Std. 598 "Valve Inspection and Test"

API Std. 600 "Steel Gate Valve"

API Std. 1104 "Standard for Welding Pipelines and Related Facilities"

ANSI (AMERICAN NATIONAL STANDARD INSTITUTE)

ANSI B 1.20.1 "Pipe Threads"

ANSI B 16.5 "Steel Pipe Flanges and Flanged Fittings"

ANSI B 13.3 "Chemical Plant and Petroleum Refinery Piping"

ANSI B31.4 "Liquid Petroleum Transportation Piping Systems"

ASME (AMERICAN SOCIETY OF MECHANICAL ENGINEERS)

ASME-Sec. VIII "Boiler and Pressure Vessels Code for Unfired Pressure Vessels"
BSI (BRITISH STANDARDS INSTITUTION)
BS 6169 "Volumetric Measurement of Liquid Hydrocarbon"
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Part 1 "Displacement Meter Systems"
Part 2 "Turbine Meter Systems"
BS 1414 "Steel Wedge Gate Valves Flanged and Butt Welding Ends"
BS 1560 "Steel Pipe Flanges and Flanged Fittings for the Petroleum Industry"
BS 3293 "Carbon Steel Pipe Flanges for Petroleum Industry"
ISO (INTERNATIONAL ORGANIZATION FOR STANDARDIZATION)
ISO 2714 "Liquid Hydrocarbons-Volumetric Measurement by Displacement Meter
Systems"
ISO 2715 "Liquid Hydrocarbons-Volumetric Measurement by Turbine Meter
Systems"
ISA (INSTRUMENT SOCIETY OF AMERICA)
RP 31.3 "Specification, Installation, and Calibration of Turbine Flowmeters"
IPS (IRANIAN PETROLEUM STANDARDS)
IPS-E-IN-140 "Level Instrument"
IPS-E-IN-120 "Temperature Instrument”
IPS-C-IN-130 "Flow Instrument"
IP (THE INSTITUTE OF PETROLEUM)
Part 9 - Sec. 1 "Positive Displacement Meters"

3. UNITS

This Standard is based on International System of Units (SI), except where otherwise specified.

4. POSITIVE DISPLACEMENT METERS

4.1 Installation Design Consideration

All types of positive displacement-meter installations should take into account the following considerations:

a) The installation should be able to handle the maximum and minimum flow rates, the maximum operating
pressure, and the temperature range of the liquid. The installation should include protective devices that keep the
operation of the meter within design limits.

b) Strainers, filters, air/vapor eliminators, or other protective devices shall be provided upstream of the meter to
remove solids or gas that could cause premature wear or measurement errors. A differential pressure gage shall
be used to determine when the filter or strainer should be cleaned.

c) The installation should ensure adequate pressure on the liquid in the metering system at all temperatures so
that the fluid being measured will be in the liquid state at all times.
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d) The installation should comply with all applicable regulations for electrical equipment in hazardous areas if
there is a possibility of a hazardous atmosphere being present at the installation site.

e) The connections for proving facilities shall be provided.

4.2 Installation

Positive displacement meters shall be installed according to manufacturer’s instructions and shall not be subjected to
undue piping stress and vibration. Flow conditioning is not required for displacement meters. Fig. 1 is a schematic dia-
gram of a typical meter station.

4.2.1 Valves

4.2.1.1 By pass shall not be provided around a meter.

4.2.1.2 In general all valves should be designed so that they will not admit air when they are subjected to vacuum
conditions.

4.2.1.3 For intermittent flow control, valves should be of the fast-acting shock free types to minimize the adverse ef-
fects of starting and stopping liquid movements.

4.2.2 Piping installation

4.2.2.1 Positive displacement meters shall be installed in horizontal position.

4.2.2.2 Protective devices such as strainers, filters, sediment traps, settling tanks, water separators or a combination of
these items, may be installed singly or in an interchangeable battery, depending on the importance of continuous serv-
ice.

4.2.2.3 Meters shall be protected from pressure pulsation and excessive surges and excessive pressure caused by ther-
mal expansion of the liquid. The installation of surge tanks, expansion chambers, pressure-limiting valves and relief
valves is recommended for this kind of protection. When pressure relief valves are located between the meter and the
prover, a means of detection spills from the valves shall be provided.

4.2.2.4 The release of vapor can be minimized or eliminated by maintaining sufficient back pressure downstream of
the meter. This can be achieved by installing the appropriate type of throttling valve downstream of the meter.

4.2.2.5 Each meter shall be installed so that neither air nor vapor can pass through it. If necessary, air/vapor elimina-
tion equipment shall be installed as close as possible to the upstream side of the meter. The vapor vent lines on air/vapor
eliminators shall be of adequate size. A tight-closing check valve in the vent line will prevent air from being drawn into
the system when air eliminators are operating bellow atmospheric pressure.

4.2.2.6 Meters and piping shall be installed so that accidental drainage or vaporization of liquid is avoided. The instal-
lation shall prevent air from being entered into the system through leaky valves, piping, glands of pump shaft, connect-
ing lines and etc.

4.2.2.7 Lines from the meter to the prover shall be installed in a manner to minimize the possibility of air or vapor
being trapped. Manual bleed valves should be installed at high points so that air can be drawn off before proving. The
distance between the meter and its prover shall be minimized.

4.2.2.8 The installation of a bank of meters connected in parallel is recommended where the flow rate is too great for
any one meter. In this case, throttling valves may be installed downstream of the meters to regulate flow through the
prover while each meter is being proved.

4.2.2.9 For meters designed for flow in one direction only, provision shall be made to prevent in the opposite direc-
tion.

4.2.2.10 Meters shall be installed in the altitude suggested by the manufacturer.

4
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4.2.2.11 A reliable temperature-measuring device or thermometer well shall be installed immediately downstream or
upstream of the meter to permit determination of the temperature of the metered liquid.

4.2.2.12 To determine meter pressure, a gage recorder, or a pressure transmitter of proper range and accuracy shall be
installed near the inlet or outlet of each meter.

4.2.2.13 As hydrocarbons are readily flammable, precautions against electrostatic arcing shall be designed into the
metering system so as to prevent ignition.

4.2.2.14 A heat-traced manifold that maintains a heavy hydrocarbon in a sufficiently liquid state shall be designed to
meet the following objectives:

a) An excessively high temperature can not occur.
b) The temperature can not fall bellow the level at which the viscosity of the liquid becomes too great for the
displacement meter at the required flow rates.

Temperature control is especially important when the meter is not operating. The meter manufacturer should be con-
sulted about high and low limits for viscosity and temperature.

5. TURBINE FLOWMETERS

5.1 Installation Design Consideration

The design of turbine-meter installations should take into account all considerations mentioned in 4.1. Additionally, the
installation should ensure appropriate flow conditioning both upstream and downstream of the meter or meters.

5.2 Installation

Turbine meters shall be installed according to manufacturer’s instructions. Fig. 2 is a schematic diagram of a typical
turbine meter system.

5.2.1 Flow conditioning

5.2.1.1 The performance of turbine meter is affected by liquid swirl and non-uniform profiles that are induced by up-
stream or downstream piping configuration, valves, pumps, joint misalignment, protruding gaskets, welding projections,
or other obstructions. Flow conditioning shall be used to overcome swirl and non-uniform velocity profiles.

5.2.1.2 Flow conditioning requires the use of sufficient lengths of straight pipe or a combination of straight pipe and
straightening elements that are inserted in the meter run upstream of the turbine meter (Fig. 3).

5.2.1.3 When only straight pipe is used, the liquid shear, or internal friction between the liquid and the pipe wall, shall
be sufficient to accomplish the required flow conditioning. Experience has shown that in many installation, pipe lengths
of 20 times_meter-bore diameter upstream of the meter and 5 times_meter-bore diameter downstream of the meter pro-
vide effective conditioning. Appendix A should be referred to for guidance in applying this technique.

5.2.1.4 A straightening element usually consists of a cluster of tubes, vanes or equivalent devices that are inserted
longitudinally in a section of straight pipe. Straightening elements effectively assist flow conditioning by eliminating
liquid swirl. Straightening elements may also consist of a series of perforated plates or wire mesh screens, but these
forms normally cause a larger pressure drop than do tubes or vanes (Fig. 3).

5.2.1.5 Proper design and construction of the straightening element is important to ensure that swirl is not generated.
The following guidelines are recommended to avoid the generation of swirl:

a) The cross-section should be as uniform and symmetrical as possible.
b) The design and construction should be rugged enough to resist distortion or movement at high flow rates.
c) The general internal construction should be clean and free from welding protrusions and other obstructions.

5
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5.2.1.6 Flow-straightening sections shall be used, and there shall be ample distance between the meter run and any
pumps, elbows, valves, or other fittings that may induce swirl or non-uniform velocity profile. Flanges and gaskets shall
be internally aligned, and gaskets shall not protrude into the liquid stream. Meter flanges shall be doweled or matched
by some method to ensure that the straightening sections and the meter are properly aligned during and after assembly.

5.2.2 Valves

5.2.2.1 By pass valve around a meter or a bank of meters shall not be installed.

5.2.2.2 The performance of valves in turbine-meter installation can affect the measurement accuracy. The flow or pres-
sure control valves on the main meter run should be capable of rapid, smooth opening and closing to prevent shocks and
surges. Other valves, particularly those between the meter and the prover (for example the stream diversion valves,
drains and vents) require leak-proof shutoff, which may be provided by a double block-and-bleed valve with telltale
bleed or by another similarly effective method of verifying shutoff integrity.

5.2.2.3 Valves for intermittent flow control should be fast acting and shock free. This would minimize the adverse
effects of starting and stopping liquid movement.

5.2.3 Piping installation

5.2.3.1 Turbine meters are normally installed in a horizontal position. If space limitation dictates a different position
manufacturer should be consulted.

5.2.3.2 The installation of bank of meters in parallel may be used, where the flow range is too great for any one meter
or for its proving. Each meter in the bank shall operate within its minimum and maximum flow rates. A means shall be
provided to balance flow through each meter.

5.2.3.3 Meters shall be installed so that they will not be subjected to undue stress, strain or vibration. Provision shall
be made to prevent meter distortion caused by piping expansion and contraction.

5.2.3.4 Protective devices should be installed to remove from the liquid abrasives or other entrained particles that
could stop the metering mechanism or cause premature wear. If strainers, filters, sediment traps, settling tanks, water
separators, or a combination of these items are required, they shall be sized and installed to prevent flash vaporization of
the liquid before it passes through the meter. Protective devices may be installed singly or in an interchangeable battery,
depending on the importance of continuous service.

5.2.3.5 Meters shall be adequately protected from pressure pulsations and excessive surges as well as excessive pres-
sure caused by thermal expansion of the liquid. This may require the installation of surge tanks, expansion chambers,
pressure limiting valves or other protective devices. A means of detecting spillage from pressure limiting valves or pres-
sure relief valve shall be provided when such valves are located downstream of the meter.

5.2.3.6 When a flow limiting device is required, it should be installed downstream of the meter run. An alarm should
be installed for flow rates bellow design minimum. If a flow limiting or pressure-reducing device is installed on the inlet
side of the meter, it shall be installed as far as possible upstream of the meter run and shall maintain enough pressure on
the outlet side of the meter run to prevent any vaporization of the metered liquid.

5.2.3.7 Each meter shall be installed so that air or vapor is prevented to pass through it. Air or vapor eliminators may
be installed upstream of the meter if necessary. The eliminators shall be installed as close to the meter as practically
possible, but it must not be so close that it creates swirl or a distorted velocity profile at the entry to the meter. Any
vapor shall be vented in a safe manner.

5.2.3.8 A flow straightener is effective in eliminating swirl, and the uspstream rotor support of turbine flow meter acts,
to some extent as a straightener. Unusual downstream disturbances, such as pump inlet, may require a straight line
downstream or in extreme cases a downstream straightener may be necessary.
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5.2.3.9 Turbine flowmeters should be installed in the same position as they were calibrated, usually in the horizontal
position. When installed in a position other than horizontal, a difference in axial thrust balance may cause a change in
calibration factor. For small turbine meters, the angular position of the transducer coil should be similarly considered.

5.2.3.10 The piping shall not have points or pockets where air or vapor might accumulate and be carried through the
meter by the added turbulence resulting from increased flow rate. The installation shall prevent air from being entered
into the system through leaky valves, piping, glands of pump shafts, separators, connecting lines and etc.

5.2.3.11 The distance between the meter and its prover shall be minimized. The diameter of the connecting lines shall
be large enough to prevent a significant decrease in flow rate during proving. Flow rate control valves may be required
downstream of each meter, particularly in multimeter installations, to keep the proving flow rate equal to the normal
operating rate for each meter.

5.2.3.12 Mixing of dissimilar liquids should be minimized by special consideration given to the location of each meter
and its accessory equipment and its piping manifold.

5.2.3.13 Most turbine meters will register flow in both directions, but seldom with identical meter factors. If flow must
be restricted to a single direction because of meter design, flow in opposite direction shall be prevented.

5.2.3.14 A thermometer, or a thermometer well shall be installed in or near the inlet or outlet of a meter run so that
metered stream temperature can be determined. The device shall not be installed upstream within the flow-conditioning
section or downstream closer than the manufacturer’s recommended position.

5.2.3.15 To determine meter pressure, a pressure gage, recorder or transmitter of proper range and accuracy shall be
installed near the inlet or outlet of each meter.

6. INSTALLATION OF ACCESSORY EQUIPMENT FOR LIQUID METERS

Accessory equipment is any device that enhances the utility of a measurement system, including read-out, registers,
monitors and flow conditioning equipment.

All equipment must be installed according to the manufacturer’s recommendations and must conform to all applicable
regulations. The read-out device or register must be compatible with the meter and transmission system. The equipment
shall be installed in such a manner that easy accesses for maintenance purposes should be provided.

The installation should be protected against excessive environmental temperature and humidity. Electrical safety factors
(including hazardous area classifications), electromagnetic and radio frequency interferences, weather proofing, fungus
proofing and corrosion should be considered.

6.1 Installation of Mechanical Accessories

6.1.1 All field mounted instruments shall be located so that they are readable from the point of operation isolating
valves etc. They shall be mounted so as to be free from vibration and accessible for maintenance and services.

6.1.2 The metering station shall include a properly sized, totally enclosed drainage system to station boundary and
shall further include all vents, drains, thermal relief valves, air eliminators and the like. Instrument bleed points and
sampling points shall discharge into the closed system, via valved drain tunnels.

6.1.3 Easy access for operation and maintenance of accessory equipment shall be provided via walkways to meters,
meter runs, instruments, valves, controls, prover chambers, four way valves and the like.

6.1.4 PD meters with ticket printers mounted on meters shall be provided with rain covers and ticket protection.

6.1.5 All field instrumentation shall be identified by tag numbers attached to the equipment.
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6.1.6 Field mounted transducers shall either be equipment mounted, (thermal elements with thermowells), or supplied
with universal mounting brackets. The universal mounting bracket shall be suitable for mounting the transducer on a
2 inch stand pipe or flush mounting or a flat surface.

6.1.7 Air eliminator and strainer combination should be mounted on the inlet side of the meter. Vent pipe should never
be less than % in. On pressurized systems, the restrictions in vent system should be minimized. Strain exerted on elimi-
nator by piping must be minimized.

6.2 Installation of Pulse-Driven Accessories

6.2.1 A measurement system consists of at least three components: a meter (pulse producer), a transmission line (pulse
carrier) and a read-out device (pulse counter and display). These three component must be compatible, and each compo-
nent must meet the specifications recommended by the manufacturers of the meter and accessory equipment.

6.2.2 Great care should be exercised in effectively isolating the meter system from external electrical influences. To
minimize unwanted noise, earth grounding shall be separate from other grounding networks. Shielding the transmission
cables of meter and prover detectors is essential.

6.2.3 The appropriate technically compatible signal transmission cable shall be used, as recommended by the equip-
ment manufacturer.

6.2.4 The supply voltages to preamplifiers shall be checked to ensure that they are of proper magnitude and do not
exceed noise or ripple maximums as specified by the equipment manufacturer.

6.2.5 Turbine meters pick-up coils/amplifiers shall be provided with a protective sun shade.

6.2.6 On each metering station an electrical distribution board with suitable sized circuit breakers shall be provided and
mounted on the metering skid, for power supply to MOVS, FCVS, hydraulic power pack for provers, etc.

6.2.7 In an electrical transmission installation, great care should be exercised to maintain the signal amplitude at the
highest level possible and to reduce the magnitude of noise. The following steps should be taken to maintain the opti-
mum signal levels:

a) Minimize the length of the transmission line from the meter to the read-out device.
b) Ensure the correct impedance matching.

c) If dictated by the transmission distance or the manufacturer’s requirements, introduce a signal preamplifier
into the turbine meter’s transmission system.

d) Ensure that all pickup coils are securely mounted and properly located.
e) Ensure that all terminals and connectors are clean and tight.
f) Replace components that give a weakened signal as a result of deterioration.

6.2.8 Most electronic read-out devices condition a wave form to count each pulse or to measure the frequency of meter
output so that flow rate can be indicated. Since signals may have a relatively low power level, installation of condition-
ers shall be suitable for low-power-level signals.

6.2.9 The following points should be considered so that the signal-to-noise can be optimized. Only shielded transmis-
sion cable of the proper material, size, and number of conductors shall be used.

Individual twisted shielded pairs afford the maximum protection against noise. Helical lay cables are acceptable for
many installation. Parallel lay cables should be avoided. The shield of transmission cable should be grounded at one
point only to prevent formation of ground loops.

A continuous run of transmission cables should be used whenever possible. Where joints are unavoidable, be encapsu-
lated to maintain the electrical specification and security of the cable. When multi read-out devices are used and wired
in parallel, shielded cables should be used for connecting wiring.

8
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6.2.10 The data transmission lines should not share a conduit with anything other than shielded cables or cables from
direct current temperature sensors. If the maximum electrical power carried by any one transmission cable is ten or more
times greater than the minimum power carried by any flowmeter signal data transmission cable, separate conduits
should be provided. In the event that separate conduits are not feasible, additional cable shielding should be incorpo-
rated and circuits tested to verify necessary fidelity of signals. Data transmission cables should not be run in parallel
with power cables. When this is not possible the cables should be sufficiently spaced to prevent interference or be ade-
quately shielded.

If it is necessary for transmission cables and power cables to cross, this should be at right angles whenever possible.
When transmission cables are run in ducts or inside control cabinets, every attempt should be made to keep the shielded
cable bundle intact and separate from other conductors. All spare transmission cable and conductors that are run in a
conduit with an active transmission line should have the shield and conductors grounded at the same single point as the
active line. The grouping of cables to intrinsically safe devices with other current-carrying cables require special consid-
eration in hazardous areas, and governing regulations must be followed.

6.3 Security

Consideration should be given to sealing the meter systems to prevent or identity unauthorized attempts at tampering
with or manipulating system components. The accuracy, usefulness, and output of a measurement system can be com-
promised in many ways, resulting in the loss of credit for hydrocarbon liquids that pass through the meter. Meter sys-
tems are often equipped with security seals made of wire, plastic, or paste that when broken or disturbed indicate possi-
ble tampering. Electronic systems can also be secured with key locks, access codes, and so forth. Each system should be
reviewed to define its exposure risk and to identify appropriate locations and techniques.

6.3.1 Security for displacement meters

Common seal points for displacement-meter installations are meter-cover and accessory stack flange bolts, meter
counter mounting bolts, calibrator and compensator adjustments, right-angle drive covers, and covers for electrical and
control boxes.

6.3.2 Security for turbine meters

Common seal points for turbine-meter installations are the mechanical-counter enclosures, pickup mounting fittings pre-
amplifier housings, electrical conduit covers, and control-box covers. Sealing electrically operated systems that have
many accessories, power supplies, and read-outs becomes burdensome, the equipment is often housed in a building or
enclosure that can be locked or sealed to meet the system’s needs.

7. CONSTRUCTION OF METER PROVERS
7.1 Installation of Pipe Prover

7.1.1 General consideration

7.1.1.1 All components of the prover installation, including connecting piping, valves, and manifolds, shall be in ac-
cordance with applicable codes. Once the prover is on stream, it becomes a part of the pressure system. If installed
above ground, the prover section and related components shall have suitable hangers and supports prescribed by appli-
cable codes and sound engineering principles. When proving systems are designed and installed, precautions should be
taken to cope with expansion, contraction, vibration pressure surges, and other conditions that may affect piping and
related equipment.

7.1.1.2 Consideration should be given to the installation of suitable valving to isolate the prover unit from line pressure
when it is not on stream (for example, during maintenance or removal of the displacer).
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7.1.1.3 All units shall be equipped with vent and drain connections. Vent valves should be installed on the topmost
portion of the pipe and should be located where all air is vented from dead spaces that are not swept by the displacer.
Provision should be made for the disposal of liquids or vapors that are drained or vented from the prover. This may be
accomplished by pumping liquids or vapors back into the system or by diverting them to a collecting point. Common
vents and closed loop vents shall not be used.

7.1.1.4 Temperature sensors and pressure gages shall be installed in suitable locations at or near the inlet and outlet of
every mechanical prover in order to accurately determine the temperature and pressure of the liquid between the detec-
tors.

7.1.1.5 Blind flange or valve connections should be provided on either side of a leak free block valve in the piping
system to serve as a connection for proving portable meters or as a means for calibrating the prover by the master-meter
method. Connections at the inlet and outlet should be provided for calibration by the waterdraw method. Figs. 4, 5 and 6.

7.1.1.6 Suitable pressure relief valves with adequate discharge piping and leakage detection facilities, shall be installed
for the control of thermal expansion and contraction of the liquid in prover section while it is isolated from the main-
stream. Where practical, pressure relief valves should not be installed in piping between the meters and the prover.

7.1.1.7 Local and remote controls should be suitably protected with lockout switches, circuits or both between remote
operation while a unit is being controlled locally.

7.1.1.8 Suitable safety devices and locks should be installed to prevent inadvertent operation of or unauthorized tem-
pering with equipment.

7.1.1.9 All automatic meter-proving systems may have emergency manual facility for use in the event of failure of the
power source or in the event of an accident.

7.1.1.10 All types of mechanical provers should be installed downstream from adequate straining of filtering equip-
ment.

7.1.1.11 All wiring and controls shall conform to applicable codes. Explosion proof components shall conform to the
appropriate class and group applicable to the location and operation. All electrical controls and components should be
placed in a convenient location for operation and maintenance.

Manufacturers’ instructions should be strictly followed for installation and grounding of such items as electronic count-
ers, tachometers and signal cables.

7.1.1.12 All instrumentation on pipe provers shall be conveniently accessible for maintenance and operation purposes.

7.1.2 Prover location

Pipe provers may be either mobile (portable) or stationary.

7.1.2.1 Mobile prover

A mobile prover is normally mounted on a road vehicle or trailer so that it can be taken to various sites for on site prov-
ing of meters in their installed positions while they are in normal operation. Mobile provers are occasionally skids so that
they may be transported by road, rail or sea. Mobile provers are always provided with a means of safely and conven-
iently connecting them to the metering system. Mobile provers are designed to operate in the meter’s environment. Pro-
visions must be made to electrically ground the prover.

All regulations and codes related to the transportation of hazardous materials shall be applied when portable meter
provers are moved on public roads and contain flammable or combustible liquids or are empty but not gas free.

7.1.2.2 Stationary provers

A Stationary prover is connected by a system of pipes and valves to a meter or battery of meters. Its sole function is to
prove the meters one at a time at intervals, as required.

10
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7.1.2.3 Central prover

A Central prover is permanently installed at a location where pumping facilities and a supply of liquid are available. It is
used to prover meters that are periodically brought to the prover and temporarily connected. After a meter is proved
centrally, caution must be exercised to ensure that the meter is not mishandled in a way that could destroy its reliability
before the meter is reinstalled in the line.

7.1.3 Prover's equipment

7.1.3.1 Fabrication of prover

The materials of prover shall conform to applicable codes, pressure and temperature ratings, corrosion resistance, and
area classifications. Pipe, fittings, and bends should be selected for roundness and smoothness to achieve a consistent
sealing of the displacer during a prover pass.

Flanges or other provisions should be provided for access to the inside surfaces of the calibrated and prerun sections.
Care shall be exercised to ensure and maintain proper alignment and concentricity of pipe joints. Flanges shall be match
bored and uniquely doweled. Gaskets used in the calibrated section shall be designed to seal on a flange-face metal-to-
metal make-up, with the sealing being obtained from an O-ring-type seal. All internal welds and metal surfaces shall be
ground smooth to preclude damage to and leakage around the displacer.

Internally coating the prover section with a coating material that will provide a hard, smooth, long-lasting finish will
reduce corrosion and prolong the life of the displacer and the prover. Internal coatings are particularly useful when the
prover is used with liquids that have poor lubricating properties.

7.1.3.2 Temperature-measurement sensors shall be installed at the inlet and outlet of the prover. Caution must be exer-
cised to ensure that the temperature sensors are located where they will not be shut off from the liquid path.

7.2 Installation of Tank Prover

A tank prover is an open or closed volumetric measure that generally has a graduated top neck and may have a gradu-
ated bottom neck. The volume is established between a shutoff valve or bottom-neck graduation and an upper-neck
graduation (see Fig. 7).

7.2.1 General considerations

All components of the prover installation, including connecting piping, valves, and manifolds, shall be in accordance
with applicable pressure codes.

Once a closed prover is on stream, it becomes part of the pressure system. Provision should be made for expansion and
contraction, vibration, reaction to pressure surges, and other process conditions.

Consideration should be given to the installation of valving to isolate the prover tank from line pressure when the sys-
tem is not in use or during maintenance. All provers should be equipped with vent and drain connections.

Provisions should be made for the disposal of liquids or vapors that are drained or vented from the prover. The disposal
may be accomplished by pumping liquids or vapors back into the system or by diverting them to a collecting point.

Blind flanges or valve connections should be provided on either side of a double block-and-bleed valve in the tank pip-
ing system. These connections can serve as locations for proving portable meters or as a means for calibrating the tank
prover by master-meter or waterdraw method.

The construction of the prover tank shall be strong and rugged enough to prevent distortion of the vessel that would
significantly influence measurement when the tank is full of liquid at the proving pressure. Prover tanks shall be con-
structed for complete drainage of liquid to a lower reference level without trapping pockets of liquid or sediment.
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Changes of cross section should be gradual and sufficiently sloped so that as the prover is filled, gas bubbles will not be
trapped but will travel to the top of the prover. As the prover is emptied, the liquid will quickly drain.

Appurtenances should be installed in locations that are convenient for quick and practical operation and precise read-
ability.

7.2.2 Installation of equipment

7.2.21 Safety devices

Safety relief valves, with discharge piping and leak detection facilities shall be installed to control thermal expansion of
the liquid in the prover and its connecting piping while they are isolated from the main stream.

Grounding devices should be provided to protect against electrical shocks or static discharge in both tank prover and
electricalinstrumentation.

7.2.2.2 Necks

Tank provers may have top and bottom graduated necks or a top graduated neck only Fig. 7. Both top and bottom necks
should have gage glasses or another suitable means for indicating the liquid level.

7.2.2.3 Temperature measurement

The location of temperature sensors in the prover is important. The use of one sensor in prover tanks that holds up to
380 liters is acceptable. The use of two sensors is recommended in prover tanks that have a capacity of at least 380 liters
but not more than 1900 liters. Three sensors should be used in prover tanks with more than 1900 liters capacity. If one
sensor is used, it should be placed in the center of the vertical-tank height. If two sensors are used, one should be located
in the upper third of the vertical-tank height and the other in the lower third. If three sensors are used, one should be
located within each third of the vertical-tank height. When more than one sensor is used, sensors should be equally
spaced around the tank circumference. Where tank operating pressure allows, temperature sensors should be installed
directly through the prover tank shell without using a well. A stem immersion depth of one third of the tank radius is
recommended; however, a minimum depth of 30 centimeter is desirable, provided that the sensor does not extend past
the center.

The sensor well, when used, should be constructed so that it has the smallest possible diameter and metallic section
consistent with the necessary strength.

7.2.2.4 Pressure measurement

A pressure gage is required on closed provers. Gage connections shall be above the upper most liquid level and sloped
to avoid trapping vapors or liquids.

7.2.2.5 Connections

Prover inlet and outlet connections will depend on the particular application involved, if a submerged fill pipe is used, it
shall be permanently installed and equipped with a vapor bleed valve. The prover outlet connections should be sized to
permit rapid emptying of the tank between proving runs, and provisions shall be made for indicating the draw down
level. All inlet and outlet valves shall be of the double block-and-bleed type.

7.2.2.6 Gage glasses

Gage glasses fittings on prover tanks should be installed directly into the walls of the neck or the body of the prover.
Additional gage glasses may be provided to cover the main body of the prover. The suggested maximum length for any
single gage glass is 60 centimeters.

12



IE IPS-C-IN-240

8. COMMISSIONING OF METERING STATIONS

8.1 General

Before commissioning an installation, the commissioning engineer shall ensure:
1) Correct mechanical installation of the equipment.

2) A satisfactory electrical installation with particular attention to weather proofing and classified areas suitabil-
ity of electrical devices, especially junction boxes.

3) Satisfactory wiring, in compliance with applicable Standards and electrical safety codes.

8.2 Testing

The procedures for commissioning of different type of metering systems should be clearly defined by the manufacturers.
All necessary electrical test apparatus, including an oscilloscope and pulse generator, should be provided for those per-
sonnel responsible for the inspection and maintenance of the system. The pulse generator used should be capable of
simulating the pulse form of the particular type of transducer being substituted such equipment must be of a type which
is electrically safe for the environment in which it is to be used.

A typical test method which may be used is to inject a train of test pulses into a transmission system at the transmitter
connections. This test signal should have a strength of not more than 50 percent at the normal transmitter signal. The
test signal shall be monitored by the installed receiving apparatus, and the signal received shall conform with the test
signal within two pulses in one hundred thousand.

The test should be performed at two conditions that represent the maximum and minimum flows between which the
meter normally operates, except during startup and shutdown.

8.3 Inspection

8.3.1 Need for inspection

It is essential that regular inspection of all apparatus, systems, and installations (including cable conduit and the like) is
carried out with competent personnel according to a schedule that has been agreed upon after consultation between the
manufacturers and the users.

8.3.2 Guide lines

All normal precautions relating to safety must be taken into account, especially those pertaining to hazardous atmos-
pheres.

Following any repairs, adjustments, or modifications, those parts of the installation that have been disturbed should be

checked for compliance with the system specification.

8.3.2.1 Ground continuity

The ground path impedance of each circuit should be low enough to permit the passage of a current at least three times
the current rating of the circuit fuse or protective device.

All grounding connections shall be checked to ensure that they are clean and tight, and the ground path impedance asso-
ciated with each item of apparatus shall be measured at intervals determined by the engineer responsible for the system.
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If there is no likelihood of a flammable atmosphere being present, impedance measurements shall be made at a current

of not less than 15 amperes. When there is any risk of a flammable atmosphere being present, impedance measurements
shall be made with an intrinsically safe continuity tester. Grounding continuity does not guarantee the effectiveness of
cable shielding

8.3.2.2 Protective devices

All protective devices such as alarms, trips, and standby equipment shall be examined and tested at commissioning pe-
riod by the system engineer. This is necessary to ensure that equipment is operating at design settings.

8.3.2.3 Outside interference

If other apparatus has been installed adjacent to the new meter station, then the system shall be tested to ensure that no
signal is induced into the system by the adjacent apparatus. The transmission system shall be tested for continuity, insu-
lation and signal impedance.

8.3.2.4 Inspection records

A system shall be established to record the results of inspections and tests for all apparatus, systems and installations
and the details of corrective actions taken. The records shall include details of all modifications, additions, or deletions
none of which are to be made without prior permission. The signal strength produced during normal operation should be
measured at the receiver and compared with the valves obtained when the system was installed or most recently modi-
fied.

8.3.2.5 Spares

Vital spares according to manufacturers’ recommendations should be readily available for the correct commissioning of
equipment.

All spare parts shall comply with the same standards, specifications and tests of the original equipment and shall be
fully interchangeable with the original parts without any modifications at the site. They shall be preserved to prevent
deterioration during shipment and storage in humid tropical climate.

8.3.2.6 Commissioning of meters

When a new meter installation is placed in service, particularly on newly installed lines, foreign matter can be carried to
the metering mechanism during the initial passage of liquid. Protection should be provided from malfunction or damage
by foreign matter, such as air or vapor, slag, debris, welding splatter, thread cuttings or pipe compound, the following
are suggested means of protecting the meter from foreign matter:

a) Temporarily replace the meter with a spool.
b) Remove the metering element.
c) Install a protective device upstream of the meter.

Line shall be operated without the measuring element until examination indicates that entrained foreign matter is being
satisfactorily removed by the filter or strainer provided.
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APPENDICES

APPENDIX A
FLOW-CONDITIONING TECHNOLOGY WITHOUT STRAIGHTENING ELEMENTS

A.1 Scope

Effective flow conditioning can be obtained by using adequate lengths of straight pipe upstream on downstream of the
meter. This Appendix presents an empirical method for computing the length of upstream straight pipe required for vari-
ous installation configurations and operating conditions.

Experience has shown that a nominal length of 20 diameters of meter-bore piping upstream of the meter and 5 diameter-
bore piping downstream of the meter provide effective conditioning in many installations, however, the required length
of upstream piping should be verified for each installation, using the method presented in this Appendix. This technique
does not predict the length of the straight pipe required downstream of the meter. A minimum of 5 diameters of meter-
bore piping should be provided downstream of the meter unless a different length is supported by the manufacturer’s
recommendations or tests.

A.2 Calculation of Upstream Flow-Conditioning Length

Based on empirical data; the length of a straight pipe required upstream of the meter can be calculated as follows:

L = (0.35 D) (ks/f)

Where:
L = Length of upstream meter-bore piping, in meter (feet).
D = Nominal meter bore, in meter (feet).
ks = Swirl-velocity ratio, dimensionless
f = Darcy-weisbach friction factor, dimensionless
Notes:

1) The values for f is taken from L.F. Moody "Friction Factors for Pipe Flow", transaction of ASME, NOV. 1944, Vol. 1.66.
2) Values of the swirl-velocity ratio, ks, for several piping configurations are shown in Figs. A.1 through A.5.

A.3 Example

Table A-1 lists values for L and L/D in Figs. A.1 through A.5 based on L/D = 20 ks (f= 0.0175).

TABLE A.1- VALUES FOR L AND L/D FOR FIGURES A.1 THROUGH A.5

FIGURE
No. ks L (METER) L/D
A-1 0.75 2.30 15
A-2 1.00 3 20
A-3 1.25 3.8 25
A4 2 6 40
A-5 2.5 7.6 50

The L/D ratio is inversely proportional to the pipe-friction factor and directly proportional to the swirl-velocity ratio.
Since 1/fis minimum for conditions of maximum pipe roughness for any given reynolds number in the region of turbu-
lent flow, the best straightening for a minimum length of straight pipe occurs with a pipe of maximum roughness.
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