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1. SCOPE

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

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

Note: This is a revised version of the standard specification for measurement of liquid hydrocarbons custody
transfer, which is issued as revision (1). Revision (0) of the said standard specification is withdrawn.

2. REFERENCES

Throughout this Standard the following dated and undated standards/codes are referred to. These
referenced documents shall, to the extent specified herein, form a part of this standard. For dated
references, the edition cited applies. The applicability of changes in dated references that occur
after the cited date shall be mutually agreed upon by the company and the vendor. For undated
references, the latest edition of the referenced documents (including any supplements and
amendments) applies.

API (AMERICAN PETROLEUM INSTITUTE)

RP 551 "Process Measurement Instruments”

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 31.3 "Chemical Plant and Petroleum Refinery Piping"
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ANSIB 31.4 "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"
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-C-IN-140 "Level Instruments"
IPS-C-IN-120 "Temperature Instruments”
IPS-C-IN-130 "Flow Instruments”
IPS-C-IN-110 “Pressure Instruments”
IPS-C-IN-160 “Control Valves”
IP (THE INSTITUTE OF PETROLEUM)
Part 9 - Sec. 1 "Positive Displacement Meters"
3. UNITS

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

4. POSITIVE DISPLACEMENT METERS

4.1 Installation Design Consideration

All types of positive displacement-meter installations should take into account the following
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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. Differential pressure switch should be used for more safety.

¢) 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.

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 diagram 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 effects 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 service.

4.2.2.3 Meters shall be protected from pressure pulsation and excessive surges and excessive
pressure caused by thermal 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 elimination 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.
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4.2.2.6 Meters and piping shall be installed so that accidental drainage or vaporization of liquid is
avoided. The installation shall prevent air from being entered into the system through leaky valves,
piping, glands of pump shaft, connecting lines, 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 direction.

4.2.2.10 Meters shall be installed in the altitude suggested by the manufacturer.
4.2.2.11 A reliable temperature-measuring device or thermometer well shall be installed
immediately downstream of the meter to permit determination of the temperature of the metered

liquid.

4.2.2.12 To determine meter pressure, a pressure gage, or a pressure transmitter of proper range
and accuracy shall be installed near 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 consulted 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 upstream 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
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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 provide 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.

¢) The general internal construction should be clean and free from welding protrusions and
other obstructions.

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 pressure 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
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APPENDICES

APPENDIX A

FLOW-CONDITIONING TECHNOLOGY WITHOUT STRAIGHTENING ELEMENTS
A.l1 Scope
Effective flow conditioning can be obtained by using adequate lengths of straight pipe upstream or
downstream of the meter. This Appendix presents an empirical method for computing the length of
upstream straight pipe required for various 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 diameterbore 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 meterbore
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,
NQV. 1944, Vol. 1.66.

2) Values of the swirl-velocity ratio, ks, for several piping configurations are shown in Figs. A.1 through
A5,

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
Al 0.75 2.30 15
A2 1.00 3 20
A-3 1.25 3.8 25
A4 2 6 40
A5 2.5 76 50

17
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The L/D ratio is inversely proportional to the pipe-friction factor and directly proportional to the swirl-
velocity ratio. Since 1/f is minimum for conditions of maximum pipe roughness for any given
Reynolds number in the region of turbulent flow, the best straightening for a minimum length of
straight pipe occurs with a pipe of maximum roughness.

PIPING CONFIGURATION IN WHICH A CONCENTRIC REDUCER PRECEDES
THE METER RUN (K= 0.75)
Fig. A.1

PIPING CONFIGURATION IN WHICH A SWEEPING ELBOW PRECEDES
THE METER RUN (Ks=1.0)
Fig. A.2

18
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PIPING CONFIGURATION IN WHICH TWO SWEEPING ELBOWS PRECEDE
THE METER RUN (Ks=1.25)
Fig. A.3

Meter run |

H; i g M
L !

2 —{mj——

PIPING CONFIGURATION IN WHICH TWO SWEEPING ELBOWS AT RIGHT ANGLES
PRECEDE

THE METER RUN (Ks=2.0)
Fig. A4

Meter run

. . o
C{H}({ bE — [ f

Note: When a fully open valve precedes the meter run. ks=1.0 When a partially open precedes the meter run. ks=2.5

PIPING CONFIGURATION IN WHICH A VALVE PRECEDES THE METER RUN
Fig. A5

19
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. T¥ 140,

from prover

1 pressure reducing valve-manual or automatic if required 6 check valve if required
2 filter strainer and/or vapor eliminator (if required) 7 control valve if required
for each meter or whole valve 8 pressure shutoff double block and bleed valve
3 displacement meter 9 flow control valve if required
4 temperature measurement device 10 block valve if required
5 pressure measurement device 11 differential pressure device if required

Note: all sections of the line that may be blocked between valve shall have provisions for pressure relief (preferably
not to be installed between the meter the and the prover)

TYPICAL SCHEMATIC ARRANGEMENT OF METER STATION WITH THREE
DISPLACEMENT METERS
Fig. 1

20
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DIAMETERS ’ g i
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’.f @ é Dc é
: g
m = s
flow i ; E
e =2
1 block valve if required 6 straight pipe
2 differential pressure device if required 7 pressure measurement device
3 filter strainer and/or vapor eliminator 8 temperature measurement device
if required for each meter or whole station 9 positive shut off double block and bleed valve
4 straightener assembly 10 control valve if required
5 turbine meter 11 check valve if required

Note: all sections of line that may be blocked between should have provisions for pressure relief
(preferably not installed between the meter and the prover)

SCHEMATIC DIAGRAM OF A TURBINE METER
Fig. 2

J

Note: this figure shows assembles installed upstream of the meter downstream of the meter, 5D minimum of
straight pipe should be used.

L= overall length of straightener assembly (> 10D)

A= length of upstream plenum (2D-3D)

B=length of tube or vane type straightening element (2D-3D)
C=length of downstream plenum (> 5D)

D= nominal diameter meter

n=number of individual tubes or vanes (>4)

d=nominal diameter of individual tubes (8d>10)

EXAMPLES OF FLOW — CONDITIONING ASSEMBLIES WITH
STRAIGHTENING ELEMENTS
Fig. 3

21
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Fig.5
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spray line and nozzie [optional)

-~ reliel valve

WApOT [ECOvEry Sysbtem pressure gauge must be above top of gauge glass

connection [u plinn-l] ——i
—h 0.5 percent prover volume

sealing wire and seal

gauge glass ———_‘ﬂ
e /_:11‘ 1 0.5 percent prover volume

temprature sensor T..T s

calibrated volume

/tempemure sEEMEOr
p—

swirl plate [eptional]

overlapping gauge glasses

\ QL
]
Cone bottom, dish bottom [oplional] S
o]
1
N p—
flanged for cleanout{eptional] :

sealing wire and seal
|
I y ‘-“q"‘- gauage glass

P

CLOSED STATIONARY TANK PROVER
Fig. 7

0.5 percent of lank bollom
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Note to Users

The IPS Standards reflect the views of the Iranian Ministry of Petroleum and are intended for use in
the oil and gas production facilities, oil refineries, chemical and petrochemical plants, gas handling
and processing installations and other such facilities.

IPS publications are based on internationally acceptable standards and include selections from the
options stipulated in the referenced standards. They are also supplemented by additional
requirements and/or modifications based on the experience acquired by the Iranian Petroleum
Industry and the local market availability. The options which are not specified in the text of the
standards are itemized in data sheet/s, so that, the user can select his appropriate preferences
therein.

The IPS standards are therefore expected to be sufficiently flexible so that the users can adapt
these standards to their requirements. However, they may not cover every requirement or diversity
of conditions of each project or work.

For such cases, an addendum to IPS Standard shall be prepared by the user which elaborates the
particular requirements of the user. This addendum together with the relevant IPS shall form the job
specification for the specific project or work.

The users of IPS publications are therefore requested to send their views and comments, including
any addendum prepared for particular cases to the Ministry of Petroleum, Standards and Research
Organization. These comments and recommendations will be reviewed by the relevant technical
committee and will be incorporated in the formal revision of the relevant IPS. The IPS publications
are reviewed and revised approximately every five years.

IRANIAN PETROLEUM STANDARDS

No. 19, Street 14, North kheradmand Karimkhan Avenue, Tehran, Iran
Tel: 66153055
88810460
Fax: 88810462
Email: petrostand@nioc.org
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