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SPECIAL NOTES

API publications necessarily address problems of a general nature. With respect to partic-
ular circumstances, locd, state, and federal laws and regulations should be reviewed.

APl is not undertaking to meet the duties of employers, manufacturers, or suppliers to
warn and properly train and equip their employees, and others exposed, concerning health
and safety risks and precautions, nor undertaking their obligations under local, state, or fed-
eral laws.

Information concerning safety and health risks and proper precautions with respect to par-
ticular materials and conditions and construction should be obtained from the employer, the
manufacturer or supplier of that material, the material safety data sheet or applicable codes
of practices for construction.

Nothing contained in any APl publication is to be construed as granting any right, by
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod-
uct covered by letters patent. Neither should anything contained in the publication be con-
strued as insuring anyone against liability for infringement of |etters patent.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at |east every
five years. Sometimes a one-time extension of up to two years will be added to this review
cycle. This publication will no longer be in effect five years after its publication date as an
operative API standard or, where an extension has been granted, upon republication. Status
of the publication can be ascertained from APl Measurement Coordination [telephone (202)
682-8000]. A catalog of API publications and materials is published annually and updated
quarterly by API, 1220 L Street, N.W., Washington, D.C. 20005.

This document was produced under API standardization procedures that ensure appropri-
ate notification and participation in the developmental process and is designated as an AP
standard. Questions concerning the interpretation of the content of this standard or com-
ments and questions concerning the procedures under which this standard was developed
should be directed in writing to the Stamdardization Manager, American Petroleum Intitute,
1220 L Street, N.W., Washington, D.C. 20005. Requests for permission to reproduce or
trandate al or any part of the material published herein should aso be addressed to the
director.

APl standards are published to facilitate the broad availability of proven, sound engineer-
ing and operating practices. These standards are not intended to obviate the need for apply-
ing sound engineering judgment regarding when and where these standards should be
utilized. The formulation and publication of APl standards is not intended in any way to
inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking
requirements of an API standard is solely responsible for complying with all the applicable
requirements of that standard. APl does not represent, warrant, or guarantee that such prod-
ucts do in fact conform to the applicable API standard.

All rightsreserved. No part of this work may be reproduced, stored in aretrieval system, or
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise,
without prior written permission from the publisher. Contact the Publisher,

API Publishing Services, 1220 L Street, N.W,, Washington, D.C. 20005.

Copyright © 2000 American Petroleum Ingtitute
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FOREWORD

This foreword isfor information and is not part of this standard.

Chapter 14, Section 3, Part 2, of the Manual of Petroleum Measurement Standards fur-
nishes the specifications and installation requirements for the measurement of single-phase,
homogeneous Newtonian fluids using concentric, square-edged, flange-tapped orifice
meters. It provides the specifications for the construction and installation of orifice plates,
meter tubes, and associated fittings. Users of pipe tap orifice meters are referred to Chapter
14, Section 3, Part 3, for specifications relevant to those meters. Pipe tap information for
allocation measurement is contained in Chapter 20.1 “Allocation Measurement.”

This standard has been developed through the cooperative efforts of many individuals
from industry under the sponsorship of the American Petroleum Ingtitute, the American Gas
Association, the Gas Processors Association and Management Service, with contributions
from the Chemical Manufacturers Association, the Canadian Gas Association, the Commis-
sion of the European Communities, Canada, Norway, Japan, and others.

The methods and criteria used to analyze data applied for this revision are described in the
relevant white papers and GRI research reports (see referencesin Appendix 2-A).

API publications may be used by anyone desiring to do so. Every effort has been made by
the Ingtitute to ensure the accuracy and reliability of the data contained in them; however, the
Institute makes no representation, warranty, or guarantee in connection with this publication
and hereby expressly disclaims any liability or responsibility for loss or damage resulting
fromits use or for the violation of any federal, state, or municipal regulation with which this
publication may conflict.

Suggested revisions are invited and should be submitted to Measurement Coordination,
American Petroleum Ingtitute, 1220 L Street, N.W., Washington, D.C. 20005.
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Chapter 14—Natural Gas Fluids Measurement

Section 3—Concentric, Square-Edged Orifice Meters

PART 2—SPECIFICATION AND INSTALLATION REQUIREMENTS

2.1 Construction and Installation Requirements

This document outlines the various design parameters that must be considered when designing metering facilities using orifice
meters. The mechanical tolerances found in this document encompass a wide range of orifice diameter ratios for which experi-
mental results are available. In several sections of this document, tolerances for the mechanical specifications have been changed
relative to previous editions. In particular, this revision includes a change to the installation requirements (meter tube lengths).
This change reduces the uncertainty attributable to installation effects to a magnitude smaller than the uncertainty of the database
supporting the Reader-Harris/Gallagher (RG) equation and, therefore, should not affect the uncertainty previoudly defined for that
equation.

This document does not require upgrading existing installations. If the meter installations are not upgraded to meet this current
standard, however, measurement bias errors may exist due to inadequate flow conditioning and upstream straight pipe lengths.
The decision to upgrade an existing installation shall be at the discretion of the partiesinvolved.

Use of the calculation procedures and techniques shown in the Manual of Petroleum Measurement Sandards, Chapter 14, Sec-
tion 3, Parts 1 and 3, with existing equipment is recommended, since these represent significant improvements over the previous
methods. However, the uncertainty levels for flow measurement using existing equipment may be different from those quoted in
Part 1.

Use of orifice meters at the extremes of their diameter ratio (5;) ranges should be avoided whenever possible. Good metering
design and practice tend to be somewhat conservative. This means that the use of the tightest tolerances in the mid-diameter ratio
() ranges would have the highest probability of producing the best measurement. An indication of thisisfound in the section on
uncertainty in Part 1.

This standard is based on S between 0.10 and 0.75. Minimum uncertainty of the orifice plate coefficient of discharge (Cy) is
achieved with 3 between 0.2 and 0.6 and orifice bore diameters grester than or equa to 0.45 inch. Diameter ratios and orifice
bore diameters outside of this range may be used; however, the user should consult the uncertainty section in Part 1 for limitations.

Achieving the best level of measurement uncertainty begins with, but is not limited to, proper design. Two other aspects of the
measurement process must accompany the design effort; otherwise it is of little value. These aspects are the application of the
metering system and the maintenance of the meters, neither of which is considered directly in this standard. These aspects cannot
be governed by asingle standard asthey cover metering applications that can differ widely in flow rate, fluid type, and operational
requirements. Therefore, the user must therefore determine the best meter selection for the application and the level of mainte-
nance for the measurement system under consideration.

2.2 Symbols/Nomenclature
This standard reflects orifice meter application to fluid flow measurement with symbolsin general technical use.

Symbol Represented Quantity

a Speed of sound

Cqy Orifice plate coefficient of discharge

Cq(FT) Flange tap orifice plate coefficient of discharge

ACq4 (FT)/ICy Percent difference between baseline Cy and installation effect Cy

d Orifice plate bore diameter calculated at flowing temperature, T¢

dm Orifice plate bore diameter measured at temperature, T,

dr Orifice plate bore diameter calculated at reference temperature, T,

D Meter tubeinternal diameter calculated at flowing temperature, T

D; Published meter tube internal pipe diameter

DL Meter tube length downstream of orifice plate in multiples of published internal pipe diameters (see Figure 2-6)

Dm Meter tubeinternal diameter measured at Ty,
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2 MPMS CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT

D, Meter tube internal diameter calculated at reference temperature, T,
e Orifice plate bore thickness
E Orifice plate thickness
Frequency
°F Temperature, in degrees Fahrenheit
I Recommended lengths of gauge line
NPS Nominal Pipe Size
AP Orifice plate differentia pressure
APy Average orifice plate differential pressure
APrns Root mean square of the fluctuating differential pressure
APy Instantaneous orifice plate differential pressure
Ps Static pressure of the fluid at the pressure tap
°R Temperature, in degrees Rankine
Ra Absolute roughness average
Re Reynolds number
Ts Temperature of fluid at flowing conditions
Tm Temperature of the orifice plate and/or meter tube at time of diameter measurements
T Reference temperature (68°F) of orifice plate bore diameter and/or meter tube internal diameter
UL Meter tube length upstream of orifice plate in multiples of published internal pipe diameters (Figure 2-6)
ULl UL —UL2
UL2 Meter tube length from flow conditioner exit to orifice plate in multiples of published internal pipe diameters
a Linear coefficient of thermal expansion
o1 Linear coefficient of thermal expansion of the orifice plate materia
Oy Linear coefficient of thermal expansion of the meter tube material
B Ratio of orifice plate bore diameter to meter tube internal diameter (d/D) calculated at flowing temperature, T¢
Bm Ratio of orifice plate bore diameter to meter tube interna diameter (d,/Dp,) calculated at temperature, Ty,
Br Ratio of orifice plate bore diameter to meter tube internal diameter (d,/D;) calculated at reference temperature, T,
€ Orifice plate bore eccentricity
0 Orifice plate bevel angle

2.3 Definitions

The definitions are given to emphasize the particular meaning of the terms as used in this standard.

2.3.1 PRIMARY ELEMENT

The primary element is defined as the orifice plate, the orifice plate holder with its associated differential pressure sensing taps,
the meter tube, and flow conditioner, if used.

2.3.1.1 Orifice Plate

The orifice plateis defined as a thin square-edged plate with amachined circular bore, concentric with the meter tube ID, when
installed.

2.3.1.2 Oirifice Plate Bore Diameter (d, dmy, d))

The calculated orifice plate bore diameter (d) isthe internal diameter of the orifice plate measuring aperture (bore) computed at
flowing temperature (Ts), as specified in 1.6.2 in Part 1. The calculated orifice plate bore diameter (d) is used in the flow equation
for the determination of flow rate.

The measured orifice plate bore diameter (dyy) is the measured internal diameter of the orifice plate measuring aperture at the
temperature of the orifice plate (T, at the time of bore diameter measurements, determined as specified in 2.4.3.

The reference orifice plate bore diameter (d;) is the internal diameter of the orifice plate measuring aperture at reference tem-
perature (T;), calculated as specified in 2.4.3. The reference orifice plate bore diameter isthe certified or stamped orifice plate bore

diameter. D t
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SECTION 3, PART 2—SPECIFICATION AND INSTALLATION REQUIREMENTS 3

2.3.1.3 Orifice Plate Holder

The orifice plate holder is defined as a pressure containing piping element, such as a set of orifice flanges or an orifice fitting,
used to contain and position the orifice plate in the piping system.

2.3.1.4 Meter Tube

The meter tube is defined as the straight sections of pipe, including all segments that are integra to the orifice plate holder,
upstream and downstream of the orifice plate, as specified in 2.5.1.

2.3.1.5 Meter Tube Internal Diameter (D, Dj, Dy, D))

The calculated meter tube internal diameter (D) is the inside diameter of the upstream section of the meter tube computed at
flowing temperature (Ty), as specified in 1.6.3 of Part 1. The calculated meter tube internal diameter (D) is used in the diameter
ratio and Reynolds number equations.

The published meter tube internal diameter (D;) is the inside diameter as published in standard handbooks for engineers. This
internal diameter is used for determining the required meter run length in Tables 2-7 and 2-8.

The measured meter tube internal diameter (D) is the average inside diameter of the upstream section of the meter tube mea-
sured 1 inch upstream of the adjacent face of the orifice plate and at the temperature of the meter tube (T, at the time of internal
diameter measurements, as specified in 2.5.1.2.

The reference meter tube internal diameter (D) isthe inside diameter of the upstream section of the meter tube calculated at the
reference temperature (T;), as specified in 2.5.1.2. The reference meter tube internal diameter is the certified meter tube internal
diameter.

2.3.1.6 Diameter Ratio (B, Bm. By

The diameter ratio () is defined as the calculated orifice plate bore diameter (d) divided by the calculated meter tube internal
diameter (D).

The diameter ratio (B, is defined as the measured orifice plate bore diameter (dy,) divided by the measured meter tube internal
diameter (D).

The diameter ratio (3;) is defined as the reference orifice plate bore diameter (d;) divided by the reference meter tube internal
diameter (Dy).

2.3.1.7 Flow Conditioners

Flow conditioners can be classified into two categories: straighteners or isolating flow conditioners.
Flow straighteners are devices that effectively remove or reduce the swirl component of a flowing stream, but may have limited
ability to produce the flow conditions necessary to accurately replicate the orifice plate coefficient of discharge database values.

Isolating flow conditioners are devices that effectively remove the swirl component from the flowing stream while redistribut-
ing the stream to produce the flow conditions that accurately replicate the orifice plate coefficient of discharge database values.

2.3.2 PRESSURE MEASUREMENT

2.3.2.1 Tap Hole

A tap holeisaholedrilled radialy in thewall of the meter tube or through the orifice fitting and perpendicular to the centerline
of the meter tube or orifice plate holder, the inside edge of which is flush and without any burrs.

2.3.2.2 FlangeTaps
Flange taps are a pair of tap holes positioned as follows:

a. the upstream tap center islocated 1 inch upstream of the nearest plate face,
b. the downstream tap center islocated 1 inch downstream of the nearest plate face,
c. the upstream and downstream taps must be in the same radial position. DOC uments
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4 MPMS CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT

2.3.2.3 Differential Pressure (AP, APgyg, APrms, APy)

The differential pressure (AP) isthe static pressure difference measured between the upstream and the downstream flange taps.

The average differential pressure (APyg) is atime mean of the static pressure difference measured between the upstream and
downstream flange taps.

The instantaneous differentia pressure (APy) is a single measurement of AP at any instancein time.

The root mean sgquare differential pressure (AP, )is the square root of the sum of squares of the difference between the instan-
taneous differential pressure (APy)and time mean differential (APayg)-

2.3.3 TEMPERATURE MEASUREMENT (75, Tm, T)

The temperature (T¢) is the flowing fluid temperature measured at the designated location, as specified in 2.6.5.

In flow measurement, the temperature sensing device isinserted in the flowing stream to obtain the flowing temperature. How-
ever, if the fluid velocity is higher than 25% of the fluid sound speed at the point of measurement, corrections for the increase in
temperature due to dynamic effects will have to be applied. Care should be taken to ensure that the temperature sensing elements
are coupled to the flowing stream and not to the stedl in the meter tube. This practice is recommended for al orifice meter instal-
lations. The sensed temperature is assumed to be the static temperature of the flowing fluid.

The temperature (T, isthe measured temperature of the orifice plate and/or the meter tube at the time of the diameter measure-
ments, as specifiedin 2.4.3and 2.5.1.2.

The temperature (T,) is the reference temperature used to determine the reference orifice plate bore diameter (d,) and/or the ref-
erence internal meter tube diameter (D), as specifiedin 2.4.3 and 2.5.1.2.

2.3.4 ROUGHNESS AVERAGE (Rj)

The roughness average (Ry) used in this standard isthat givenin ANSI B46.1, and is*“ the arithmetic average of the absolute val-
ues of the measured profile height deviation taken within the sampling length and measured from the graphical centerling” of the
surface profile.

2.4 Orifice Plate Specifications

The symbolsfor the orifice plate dimensions are shown in Figure 2-1.

2.4.1 ORIFICE PLATE FACES

The upstream and downstream faces of the orifice plate shall be flat. Deviations from flatness on the orifice plate of lessthan or
equal to 1% of dam height (that is, 0.010 inch per inch of dam height) under nonflowing conditions are allowed. The dam height
can be calculated from the formula (D, — diy))/2. This criterion for flatness appliesto any two points on the orifice plate within the
dimensions of the inside diameter of the pipe. The departure from flatnessisillustrated in Figures 2-2a, 2-2b and 2-2c.

The surface roughness of the upstream and downstream faces of the orifice plate shall have no abrasions or scratchesvisibleto
the naked eye that exceed 50 microinches R,.

The orifice plate surface roughness may be verified by using an el ectronic-averaging-type surface roughness instrument with a
cutoff value of not less than 0.03 inch. Other surface roughness devices (for example, a visual comparator) are acceptable for
determining orifice plate surface roughness if the same repeatability and reproducibility as those of the electroni c-averaging-type
surface roughness instrument can be demonstrated.

Due care shall be exercised to keep the plate clean and free from accumulation of dirt, ice, grit, grease, ail, free liquid and other
extraneous materials, to the extent feasible, by instituting a regular inspection schedule (daily, weekly, monthly, quarterly, etc.,
depending on the service conditions). Damage and/or accumulation of extraneous materias on the orifice plate may result in a
greater uncertainty for the orifice plate coefficient of discharge [Cq (FT)]. After any inspection of the plate, it shall be thoroughly
cleaned (free from accumulations as stated above) prior to being placed back in service.

2.4.2 ORIFICE PLATE BORE EDGE

The upstream edge of the orifice plate bore shall be square and sharp. The orifice plate bore edge is considered too dull for
accurate flow measurement if the upstream edge reflects a beam of light when viewed without magnification or if the upstream
edge shows a beam of light when checked with an orifice edge gauge. DOCU ments
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Figure 2-1—Symbols for Orifice Plate Dimensions
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Figure 2-2a—Orifice Plate Departure from Flatness
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Figure 2-2b—Alternative Method for Determination of Orifice Plate Departure from Flatness
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6 MPMS CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT

Maximum departure = [h3+ hy ] - [h1+h2 ]
from flatness 5

Figure 2-2c—Maximum Orifice Plate Departure from Flatness

An estimation of suitable sharpness can be made by comparing the orifice plate bore edge with the bore edge of a properly
sharp reference orifice plate of the same nomina diameter. The orifice plate bore edge being evaluated should feel and look the
same as the edge of the reference orifice plate.

The upstream and downstream edges of the orifice plate bore shall be free from defects visible to the naked eye, such as flat
spots, feathered texture, roughness, burrs, bumps, nicks, and notches.

If thereis any doubt about whether the edge has sufficient quality for accurate metering, the orifice plate should be replaced.

2.4.3 ORIFICE PLATE BORE DIAMETER (dp;, d;) and ROUNDNESS

The measured orifice bore diameter (dyy) is defined as the mean (arithmetic average) of four or more evenly spaced diameter
measurements at the inlet edge. None of the four or more diameter measurements may vary from the mean value by more than the
tolerances given in Table 2-1. The orifice plate temperature shall be recorded at the time the bore diameter measurements are
made. These measurements shall be made under thermally stable conditions; i.e., during the measurement, the temperature should
be constant within + 1°F (+ 0.5°C).

Ehe orifice plate bore diameter (d;) is defined as the calculated reference diameter at reference temperature (T,) and can be
determined using the following equation:

d =d[1+0a,(T,—-T.)] (21
where
oy = linear coefficient of thermal expansion for the orifice plate material (see Table 2-2),
dr = orifice plate bore diameter calculated at reference temperature (T;),
dm = orifice plate bore diameter measured at Ty,
Tm = temperature of the orifice plate at time of diameter measurements,
T, = reference temperature of the orifice plate bore diameter.

Note: a1, T, and T, must be in consistent units. For the purpose of this standard, T, is assumed to be 68°F.

The orifice plate bore diameter (d,) calculated at T, is the reference diameter used to calculate the bore diameter (d) at flowing
conditions, as specified in Part 1.

2.4.4 ORIFICE PLATE BORE THICKNESS (e)

The inside surface of the orifice plate bore shal be in the form of a constant-diameter cylinder having no defects, such as
grooves, ridges, pits, or lumps, visible to the naked eye. The length of the cylinder is the orifice plate bore thickness (g).

The minimum allowable orifice plate bore thickness (€) is defined by e > 0.01d, or e > 0.005 inch, whichever is larger.

The maximum allowable value for the orifice plate bore thickness (€) is defined by e < 0.02D, or e < 0.125d,, whichever is
smaller, but e shall not be greater than the maximum allowable orifice plate thickness (E). DOCU ments
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SECTION 3, PART 2—SPECIFICATION AND INSTALLATION REQUIREMENTS 7

Table 2-1—Roundness Tolerance for Orifice Plate Bore Diameter, dpy

Office Bore Diameter, dm Tolerance
(inches) (% inches)
<0.2502 0.0003
0.251-0.3752 0.0004
0.376 —0.5002 0.0005
0.501-0.625 0.0005
0.626 —0.750 0.0005
0.751-0.875 0.0005
0.876 —1.000 0.0005
>1.000 0.0005 inch per inch of diameter

Note: @se of diameters below 0.45 inch is not prohibited, but may result in
uncertainties greater than those specified in Chapter 14, Section 3, Part 1.

Table 2-2—Linear Coefficient of Thermal Expansion

Linear Coefficient of Thermal

Expansion, o
Material [U.S. Units(in./in. °F)]
Type 304 and 316 stainless steel? 0.00000925
Monel2 0.00000795
Carbon Steelb 0.00000620

Note: For flowing temperature conditions other than those stated in footnotes a
and b and for other materias, refer to the American Society for Metals, Metals
Handbook.

aor flowing conditions between — 100°F and + 300°F, ref. ASME PTC 19.5.

bFor flowi ng conditions between — 7°F and + 154°F, ref. APl MPMS Chapter 12,
Section 2.

When the orifice plate thickness (E) exceeds the orifice bore thickness (€), a bevel (see 2.4.6) is required on the downstream
side of the orifice bore.

Note: Existing orifice plates, whose edge thickness meets the value defined by e < 0.033D,,,, need not be rebeveled unless reconditioning is
required for other reasons.

For ease in machining, the next smaller values of e, in multiples of 0.03125 (¥32 inch), may be used.

Orifice plate bores that demonstrate any convergence from inlet to outlet are unacceptable.

Bi-directiona flow through an orifice meter tube requires a specially configured meter tube and the use of an unbeveled orifice
plate. Use of an unbeveled orifice plate with bore thickness (€) that exceeds the limits specified in thistableis outside of the scope
of this standard.

2.45 ORIFICE PLATE THICKNESS (E)

The minimum, maximum, and recommended values of orifice plate thickness (E) for Types 304 and 316 stainless sted orifice
plates are given in Table 2-3.

Maximum allowable differential pressures for the recommended orifice plate thicknessesin Table 2-3 are for operating temper-
atures not exceeding 150°F. For operating conditions, orifice diameter ratios, meter tube sizes, and orifice plate thicknesses not
covered in Table 2-3, see the tables found in Appendix 2-E. If a specific application is not covered by Table 2-3 or Appendix 2-E,
the orifice plate and/or holding device manufacturer should be contacted for specific information on deflection (see 2.4.1 and
Appendix 2-F—AGA Engineering Technical Note—High Differential Pressure Across Orifice Fittings) for agiven diameter ratio,
temperature, orifice plate material, orifice plate holder, and differential pressure. D ocuments
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8 MPMS CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT

The use of an orifice plate thickness other than the recommended thickness is acceptable in either new or existing orifice plate
holding devices as long as the thickness is within the maximum and minimum range shown in Table 2-3; and the orifice plate
eccentricity, bore thickness, differentia pressure tap hole, and expansion-factor pressure-ratio tolerances and limits are satisfied.

For incompressible fluids, the maximum differential pressure across the plate is limited by the structural integrity of the fitting
design. The maximum differential pressure should be limited to those shown in Table 2-3 and Appendix 2-E. If the maximum dif-
ferentia pressure is to exceed the limits specified, the manufacturer should be consulted for allowable maximum pressure for the
fitting design. In addition, the flowing conditions downstream of the orifice plate must remain above the local vapor pressure of
the flowing fluid.

Orifice fitting manufacturers should be consulted to determine the maximum allowable differential pressure during the chang-
ing of orifice plates under flowing conditions. The high forces associated with using high differential pressures may makeit diffi-
cult to remove the plate, and may possibly result in damage to the orifice plate or fitting.

The use of high differential pressures (AP/P; > 0.7 inch of water/psia, where the AP isin inches of water at 68°F and P;isin
psia) will result in expansion factor uncertainties in excess of 0.1% (See 1.12.4.2 of Part 1).

Operators should be aware, for a given orifice plate size, that when there is a wide swing from high to low flows, significant
measurement errors will occur during the low-flow period if the orifice plate remains unchanged. Generally, operation between
10% and 90% of the calibrated differential span is considered good practice. Rangeability can aso be increased using today’s dig-
ital (electronic) transmitters. The effects on the accuracy of transducers and/or transmitters used for wide range should be evalu-
ated versus savings on installation cost.

For the full range of orifice plate thicknesses, the maximum allowable orifice plate differential pressure can be obtained from
Appendix 2-E.

Higher differential pressures will result in higher meter-run gas velocities and higher permanent pressure losses. It is recom-
mended that the gas velocities be eval uated on aindividual installation basis for such things as noise, erosion, and thermowell vibra-
tion. The meter run velocity is dependent on severd different factors, and each individua user will have different practices and limits
on velocity. Therefore, the alowable maximum differentia pressures, shown in Table 2-3, do not consider meter-run gas vel ocity.

2.45.1 Permanent Pressure Drop

The permanent pressure drop is significant because the energy has been lost to transport the fluid through the pipeline. Several
technical books list the permanent pressure loss versus 3 ratio for the concentric, square-edged, flange-tapped orifice meter.

The permanent pressure loss= AP(1 — 2

Below isatable of these approximate values:

B Lossesasa % of AP
0.20 95
0.30 90
0.40 85
0.50 75
0.60 65
0.70 50
0.75 45

Examples:

a. If theuser choosesto use a3 of 0.30 at a AP of 400 inches of H,O, then the permanent pressure loss would be approximately
90% of 400 inches of H,0, which is about 360 inches of H,O (about 13 psi).

b. If the user choosesto use a3 of 0.50 at a AP of 100 inches of H,0, then the permanent pressure loss would be approximately
75% of 100 inches of H,0, which is about 75 inches of H,O (about 3 psi).

2.4.6 ORIFICE PLATE BEVEL (6)

The plate bevel angle () is defined as the angle between the bevel and the downstream face of the plate. The allowable value
for the plate bevel angle (8) is 45 degrees + 15 degrees.

The surface of the plate bevel shall have no defects visible to the naked eye, such as grooves, ridges, pits, or lumps. ‘

If abevel isrequired, its minimum dimension, (E-€), measured along the axis of the bore shall not be less than Eyaahti)ﬁ@nts
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SECTION 3, PART 2—SPECIFICATION AND INSTALLATION REQUIREMENTS 9

Table 2-3—Oirifice Plate Thickness and Maximum Allowable Differential Pressure Based on the Structural Limit

Maximum Maximum
Nominal Pipe PublishedInside Allowable Allowable
Size(NPS)  Pipe Diameter Orifice Plate Thickness, E (inches) AP("H0) AP("H0)
(inches) (inches) Minimum Maximum  Recommended Orifice Fitting Orifice Flanges
2 1.687 0.115 0.130 0.125 1000 1000
1.939 0.115 0.130 0.125 1000 1000
2.067 0.115 0.130 0.125 1000 1000
3 2.300 0.115 0.130 0.125 1000 1000
2.624 0.115 0.130 0.125 1000 1000
2.900 0.115 0.130 0.125 1000 1000
3.068 0.115 0.130 0.125 1000 1000
4 3.152 0.115 0.130 0.125 1000 1000
3.438 0.115 0.130 0.125 1000 1000
3.826 0.115 0.130 0.125 1000 1000
4,026 0.115 0.130 0.125 1000 1000
6 4.897 0.115 0.163 0.125 345 1000
5.187 0.115 0.163 0.125 345 1000
5.761 0.115 0.192 0.125 345 1000
6.065 0.115 0.192 0.125 345 1000
8 7.625 0.115 0.254 0.250 1000 1000
7.981 0.115 0.319 0.250 1000 1000
8.071 0.115 0.319 0.250 1000 1000
10 9.562 0.115 0.319 0.250 570 1000
10.020 0.115 0.319 0.250 570 1000
10.136 0.115 0.319 0.250 570 1000
12 11.374 0.175 0.379 0.250 285 1000
11.938 0.175 0.398 0.250 285 1000
12.090 0.175 0.398 0.250 285 1000
16 14.688 0.175 0.490 0.375 465 1000
15.000 0.175 0.500 0.375 465 1000
15.025 0.175 0.500 0.375 465 1000
20 18.812 0.240 0.505 0.375 235 1000
19.000 0.240 0.505 0.375 235 1000
19.250 0.240 0.505 0.375 235 1000
24 22.624 0.240 0.505 0.500 360 1000
23.000 0.240 0.562 0.500 360 1000
23.250 0.240 0.562 0.500 360 1000
30 28.750 0.370 0.562 0.500 180 1000
29.000 0.370 0.578 0.500 180 1000
29.250 0.370 0.578 0.500 180 1000

Notes:

1. Maximum alowable differential pressureislimited to 1,000 inches of water column, which isthe limit of the coef-
ficient of discharge database. For further details on the limit of maximum allowable differential pressure, please refer to
thetext in 2.4.5.

2. Maximum alowable differentia pressure is caculated for worst-case diameter ratio (typicaly B = 0.55 — 0.65).
Other diameter ratios may be able to go to higher differential pressures (see Appendix 2-E).

3. Themaximum differential pressure appliesto stainless steel plates at a maximum temperature of 150° F, and for the
recommended plate thickness.

4. Maximum alowable differential pressure for other plate thicknesses refer to Appendix 2-E.

5. For single- or dual-chamber fittings, the orifice plate seal ring was assumed to deflect under axisymmetric condi-
tions without plastic deformation. As such, the effect on the sedl ring was not investigated.

6. Especidly at very high differential pressures, the user should carefully consider the associated thermodynamic
effects, such as temperature changes resulting from the Joule-Thompson effect as the stream passes through the orifice,
and the limits on AP/P, in particular, at low pressures. The sudden reduction of pressure will result in temperature and

density changes.
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10 MPMS CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT

2.5 Meter Tube Specifications
2.5.1 DEFINITION

The meter tube is defined as the straight upstream pipe of the same diameter length UL of the installation Tables 2-7 and 2-8,
(see Figure 2-6), including the flow straightener/conditioner, if used; the orifice plate holder; and the similar downstream pipe
(length DL of the installation Tables 2-7 and 2-8, see Figure 2-6) beyond the orifice plate. The upstream section of the meter tube
is defined as the length of straight pipe extending from the upstream face of the orifice plate to the nearest upstream change in
cross-sectional area (not including flanged fittings allowed in the standard) or change in the axis of the pipe centerline.

The length of the upstream and downstream pipe sections is addressed in 2.6.3.1. The tolerances for the diameter and the
restrictions for the inside surface of the meter tube are specified in 2.5.1.1 through 2.5.1.3.

There shall be no pipe connections within the specified upstream and downstream meter tube sections other than the pressure
taps specified in 2.5.4 (and pipe taps as defined in Appendix 3-D of Part 3); temperature probes specified in 2.6.5; flow condi-
tioner attachments (either flanged or in-line); orifice plate holders (welded or flanged on the downstream or upstream end as spec-
ified in section 2.5.3.2); and in-line meter tube flanges necessary to connect sections of the meter tube. Any downstream flange
connection or weld must be at least 2 inches away from the downstream face of the orifice plate. Any downstream weld within
0.5D or 2 inches from the downstream face of the orifice plate must be ground and/or machined to meet the downstream out-of -
roundness and the inside surface roughness requirements specified in 2.5.1.3.2 and 2.5.1.1, respectively. For any downstream
flange connection within 0.5D or 2 inches, care must be taken to avoid any protrusion of the gasket into theline. The closest anin-
line meter tube flange can come to the orifice plate, in the upstream meter tube section, should be the designated flow conditioner
location, or 10D; for meter tubes without flow conditioner (not including flanged fittings allowed in the standard). All flanges and
flange attachments within the designated meter tube lengths shall meet all meter tube requirements contained in 2.5.1.1 through
25.14.

2.5.1.1 Inside Surface

The sections of the meter tube to which the orifice plate holder is attached, or the adjacent pipe sections that constitute part of
the meter tube, as defined in 2.5.1, shall comply with 2.5.1.1.1 through 2.5.1.1.3. However, due to the increased upstream meter
tube length requirements of Tables 2-7 and 2-8, and in keeping with the coefficient of discharge database lengths, the upstream
meter tube section required to comply with 2.5.1.1.1 through 2.5.1.1.3 shall be limited to the lengths shown in Tables 2-7 and 2-8,
or 17 published internal pipe diameters, whichever isless. The piping roughness R, upstream of this length should not be greater
than 600 pin.

2.5.1.1.1 Theinterna surface roughness of the meter tube should be measured at approximately the same internal axial loca
tions as those used to determine and verify the meter tube internal diameter (see 2.5.1.2). The R, values specified in the items
below are the arithmetic average roughness obtained using an el ectronic-averaging-type surface roughness instrument with a cut-
off vaue of not less than 0.03 inch. Other surface roughness devices are acceptable for determining meter-tube surface roughness
if the same repeatability and reproducibility as those of the el ectronic-averaging-type surface roughness instrument can be dem-
onstrated. A minimum of four roughness measurements shall be made.

The mean (arithmetic average) of these four or more roughness measurements is defined as the meter tube interna surface
roughness.
For meter runs with nominal diameters of 12 inches or smaller:

a. The maximum meter-tube roughness shall not exceed 300 microinches (pinches) Ry if the diameter ratios (3;) are equal to or
lessthan 0.6.

b. The maximum meter-tube roughness shall not exceed 250 pinches Ry if the diameter ratios ([3;) are greater than or equal to 0.6.
¢. The minimum roughness shall not be less than 34 pinches for all diameter ratios.

For meter runs with nominal diameterslarger than 12 inches:

a. The maximum meter-tube roughness shall not exceed 600 pinches R, if the diameter ratios (;) are equal to or lessthan 0.6.
b. The maximum meter-tube roughness shall not exceed 500 pinches R, if the diameter ratios (3;) are greater than or equal to 0.6.
¢. The minimum meter-tube roughness shall not be less than 34 pinchesfor al diameter ratios.

Note: The use of lower diameter ratios ([3;) reduces the effect of pipe roughness on uncertainty.

Carefully selected smooth commercia pipe may be used. To improve smoothness within the meter tube, the inside pipe walls
may be machined, ground, or coated to meet the required specifications. D ocuments
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SECTION 3, PART 2—SPECIFICATION AND INSTALLATION REQUIREMENTS 11

2.5.1.1.2 Irregularities such as grooves, scoring, or ridges resulting from seams, welding distortion, offsets, and the like, that
affect the inside diameter by more than the tolerancesin 2.5.1.3, shall not be permitted. The existence of pitsin the surface of the
meter tube, although undesirable, is allowed provided their individual measurements do not exceed the surface roughness and/or
diameter tolerance requirements of the meter tube and do not compromise the meter tube's pressure integrity. When these toler-
ances are exceeded, the irregularities must be corrected.

2.5.1.1.3 Due care shall be exercised to keep the meter tube interior clean and free from accumulation of dirt, ice, grit, grease,
oil, free liquid and other extraneous materials, to the extent feasible. Damage and/or accumulation of extraneous materialsin the
meter tube may result in a greater uncertainty for the orifice plate coefficient of discharge [Cy4(FT)].

2.5.1.2 Meter Tube Diameter (Dy,, D))
The measured internal diameter of the meter tube (D,y)) shall be determined as specified in 2.5.1.2.1 through 2.5.1.2.5.

25.1.2.1 A minimum of four equally spaced individual internal diameter measurements shall be made in a plane 1 inch
upstream from the upstream face of the orifice plate. The mean (arithmetic average) of these four or more individual measure-
mentsis defined as the measured meter tube internal diameter (Dyy).

2.5.1.2.2 Individua check measurements of the interna diameter of the upstream section (UL in Tables 2-7 and 2-8) of the
meter tube (excluding the orifice plate gasket or sealing device diameter) shall be made at aminimum of two additional cross-sec-
tions. The actual locations of the individua internal diameter check measurements, around the circumference and aong the axis
of the meter tube, are not specified. These individual checks should be made at points that will indicate the maximum and mini-
mum dimensions of the internal diameter of the meter tube's upstream section.

One of these individual check measurements should be made in aregion at least two pipe diameters from the face of the orifice
plate, or past the orifice plate holder weld or flange, whichever is the greater distance. Other individual measurements should be
made at selected points within the UL dimension.

Individual check measurements are used to verify the uniformity of the internal diameter of the upstream section of the meter
tube (see 2.5.1.3), but do not become a part of the determination of the mean meter tube internal diameter.

2.5.1.2.3 Individual check measurements of the meter tube internal diameter (D,y)) shall be made in the downstream section of
the meter tube in a plane 1-inch downstream from the downstream face of the orifice plate (see 2.5.1.3).

Additional individual check measurements of the internal diameter (D, (excluding the orifice plate gasket or sealing device
diameter), shall be made at a minimum of two other cross-sections in the downstream section of the meter tube (see 2.5.1.3), Sim-
ilar to the measurements specified in 2.5.1.2.2.

2.5.1.2.4 Meter tube internal diameters are not limited to published nominal inside pipe diameters. All applicable regulations
and piping codes must be followed.

2.5.1.2.5 The meter tube temperature to the nearest degree Fahrenheit (0.5 degree Centigrade) should be recorded when the
internal diameter measurements are made. These measurements shall be made under thermally stable conditions; i.e., during the
measurement, temperature should be constant within 5°F (2.5°C).

The reference meter tube internal diameter (Dy) is defined as the calculated meter tube internal diameter at reference tempera
ture (T,), and can be determined using the following equation:

Dr = Dm[l + az(Tr _Tm)] (22)

where
o> = linear coefficient of thermal expansion for the meter tube materia (see Table 2-2),
Dm = meter tubeinterna diameter measured at temperature (T,
D, = reference meter tubeinterna diameter calculated at reference temperature (T,),

Ty = temperature of the meter tube at the time of the diameter measurements,

T, = reference temperature of the meter tubeinternal diameter. D
ocuments
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12 MPMS CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT

Note: oy, Ty, and T, must be in consistent units. For the purpose of this standard, T, is assumed to be 68°F (20°C).

The meter tube internal diameter (D;) calculated at T, is the diameter used to calculate the meter tube internal diameter, D, at
flowing conditions, as specified in Part 1.
2.5.1.3 Tolerances and Restrictions

The tolerances for the diameter and the restrictions for the internal surface of the meter tube are specified in 2.5.1.1.1 through
25.1.33.
2.5.1.3.1 Meter Tube Internal Diameter Roundness Tolerance
2.5.1.3.1.1 Within the First Mean Meter Tube Diameter (D,;) Upstream of the Orifice Plate

The absolute value of the percentage difference between the measured meter tube internal diameter (D) and any individual
diameter measurement within a distance of one meter tube diameter (D,,) on the upstream side of the orifice plate shall not exceed
0.25% of Dy, The measurement resolution shall be to the nearest thousandth of an inch (0.001 inch) or better.

CAny diameter within one D,[1-D,,
D

x 100 < 0.25% (2.3

An example of this situation is provided in Table 2-4. All measurements within one meter tube diameter upstream of the orifice
plate face are within 0.25% of the 2.0695 mean.

Table 2-4—Example Meter Tube Internal Diameter—Roundness Tolerances
Within First Mean Meter Tube Diameter Upstream of Orifice Plate

Meter Tube Internal Diameter Measurements (inches)

E Position A B C D Mean, Dy,
1-inch upstream plate 2.0696 2.0694 2.0694 2.0696 2.0695

; Within one Dy, 2.0700 2.0676 2.0671 2.0655 N/A

- % deviationfrommeanD,,  0.024% 0.092% 0.116% 0.193% N/A

2.5.1.3.1.2 For All Upstream Meter Tube Individual Internal Diameter Measurements, Including Those Within
One Meter Tube Diameter Upstream of the Orifice Plate

The percentage difference between the maximum measured individual internal diameter measurement and the minimum mea-
sured individual internal diameter measurement of all upstream meter tube individua internal diameter measurements, including
those within the first meter tube diameter upstream of the orifice plate, shall not exceed 0.5% of Dyy;

Maximum diameter — Minimum diameter
Dn

x 100 < 0.5% (2.4)

An example of this situation is provided in Table 2-5.

Table 2-5—Example Meter Tube Internal Diameter Roundness Tolerances—
All Upstream Meter Tube Individual Internal Diameter Measurements

Meter Tube Internal Diameter Measurements (inches)

Position A B () D Mean, Dpy,
L-inch upstream plate 2.0696 2.0694 2.0694 2.0696 2.0695
Within one Dy 2.0700 2.0676 2.0671 2.0655 N/A
Upstream check measurement 2.0621 2.0620 2.0613 2.0601 N/boc uments
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SECTION 3, PART 2—SPECIFICATION AND INSTALLATION REQUIREMENTS 13

The calculation to verify that the measurements meet the tolerance criterion is asfollows:

2.0700—2.0655

= 0
> 0695 x 100 = 0.22%

All upstream meter tube individua interna diameter measurements, including those within one meter tube diameter (Dyy)
upstream of the orifice plate are within 0.5% of Dy,

2.5.1.3.2 Internal Roundness Tolerance for the Downstream Section of Meter Tube
The absolute value of the percentage difference between the measured meter tube diameter (Dy) and any individual internal
diameter on the downstream side shall not exceed 0.5% of Dy,

(Any downstream diameter) — D,
D

x 100| < 0.5% (2.5)

2.5.1.3.3 General Meter Tube Restrictions

Abrupt changes of the inside meter tube surface (shoulders, offsets, ridges, welding seams, and the like) shall not exist in meter
tubes, with the exception of those allowed in 2.5.1 and 2.5.5.

2.5.1.4 Oirifice Plate Gasket or Sealing Device Recesses and Protrusions

The orifice plate gasket or sealing device tolerances and restrictions specified in 2.5.1.4.1 through 2.5.1.4.5 shall apply at loca
tionsimmediately upstream and downstream of the orifice plate face.

2.5.1.4.1 Protrusions resulting from an orifice plate gasket or sealing device that extend into the pipe bore are not permitted.

2.5.1.4.2 A recessresulting from an orifice plate gasket or sealing device, of 0.25 inch or lessin length, as measured parallel to
the pipe axis, does not require recess depth restriction, diameter ratio (3;) limitation, or additional uncertainty.

25.1.4.3 A recessresulting from an orifice plate gasket or sealing device, of more than 0.25 inch but less than or equal to 0.5
inch in axial length, does not require diameter ratio (By) limitation or additional uncertainty if the depth of the recessiswithin the
limitations of 2.5.1.3 (0.005D,y).

25.1.4.4 All orifice plate sealing devices shall be of the same nominal inside pipe diameter (within the limits specified in
25.1.4.1 through 2.5.1.4.3) asthe orifice plate holder in which they are used.

25.1.45 For recesses larger than those described in 2.5.1.4.2 and 2.5.1.4.3, additional uncertainty may be required.

2&5.2 ORIFICE FLANGES

:Orifice flanges for orifice meter tube installations should be constructed and attached to the pipe so that all of the mechanical
specificationsin 2.5.1.1 and 2.5.1.4 are met.

Any distortion of the pipe resulting from welding the flange to the pipe shall be removed by machining or grinding to meet the
limitations specified in 2.5.1.3.

2.5.3 ORIFICE FITTINGS
2.5.3.1 General

Orifice fittings represent a class of orifice holders that iswidely used throughout the industry. With these devices, it is possible
to reproduce the orifice coefficients defined by the equation in Part 1 within the same uncertainty limits as would be found for an
orifice plate held between two flanges (the original test devices). To do this, these devices must be manufactured to the tolerances
specified in this standard. With orifice fittings, however, some practical considerations should be recognized; some critical inspec-
tions that are unique to these devices should be performed. The following information is based on devices that were commonly
known to exist at the time this standard was developed and may not cover innovations that have become corm@& ﬁlm@ms
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14 MPMS CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT

its publication. Such innovations may be deemed to be in accordance with this standard as long as they meet al tolerances con-
tained herein.

2.5.3.2 Attachment to Pipe

When an upstream flanged orifice fitting is used, the mean inside diameter of the meter tube connected to the inlet side shall
agree with the mean inside diameter of the fitting within the tolerance given in 2.5.1.3. When thefitting isinstalled, the inlet side
should be connected to the upstream section of the meter tube first, and carefully centered; no sharp edges at this junction are
allowed.

To prevent misalignment at this joint when a flanged connection has been used, two diametrically opposed bolt holes may be
reamed and snug-fitting bolts installed, or dowel pins may be used. Other alignment methods may be used as long as the same
result is obtained.

When the upstream section of the meter tube is attached to the orifice-fitting body by welding (preferred method), any distor-
tion of the pipe resulting from the welding shall be removed by machining or grinding to meet the requirements of 2.5.1.3.

2.5.3.3 Inspection Considerations

In some instances, the inspection of an orifice fitting may not be as easy as the inspection of a conventional flanged orifice
meter. Thisistrue when thefitting in question is of the weld neck design and has already been connected to the meter tube. Unless
the meter tube is of alarge size, it may be difficult to make measurements in the vicinity of the orifice plate. To make this inspec-
tion easier, the fitting should have at least one flanged side (preferably the downstream side). The user should refer to the relevant
pressure vessel and pipeline codes to determine whether this particular design may be used in a given system. All measurements
of mechanical tolerances should be made after the fitting has been pressure-tested at the maximum required test pressure.

2.5.3.4 Bypass Checks

In orifice fittings, there is the possibility that some fluid may bypass the orifice plate. Tests shall be conducted after the meter
run has been pressure-tested in accordance with the relevant code to ensure the following:

a. No differential pressure tap communication or leskage exists.
b. No holding or sealing device fluid bypass exists.

2.5.4 PRESSURETAPS
2.5.4.1 FlangeTaps

Meter tubes using flange taps shall have the center of the upstream pressure tap hole placed 1 inch from the upstream face of
the orifice plate. The center of the downstream pressure tap hole shall be 1 inch from the downstream face of the orifice plate.
Each tap hole shall be located at the 1-inch dimension within the tolerances shown in Figure 2-3. It is recommended that the max-
imum diameter ratio (f3) of 0.75 alowable pressure tap hole location variation be used in the design of installations.

Orificefittings may require different methods of confirming pressure tap hole location than orifice flanges.

:Under no circumstances should there be any flow through or out of the flange tap or taps for purposes other than measuring
static and/or differential pressure. This includes flows resulting from manufacturing defects that allow for tap communication or
the use of the flange taps as a source of fluid for other instruments. For the latter, other taps |ocated outside of the designated meter
tube dimensions should be used.

“The sharing of metering taps by multiple differential pressure devices may cause increased uncertainty and/or operational prob-
lems. If possible, such a practice should be avoided.

25.4.1.1 Orifice Fittings

“When an orificefitting is used, pressure tap hole measurements may be taken prior to final fabrication of the meter tube, espe-
ciadly when afitting is to be welded to one end of the piping that will become an integral part of the completed meter tube. These
measurements may be accomplished by using commercialy available micrometers and gauges. Other technicaly valid tech-
niques for verifying the pressure tap hole location are acceptable.

In orificefittings, the orifice plate is held in place by a carrier mechanism that isintended to correctly position the orifice plate
relative to the pressure tap holes. The plate/carrier combination used during pressure tap hole location testi nwmﬁ@ehts
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Figure 2-3—Allowable Variations in Pressure Tap Hole Location

same type (design) as will be employed in practice. If the internal mechanism of an orifice fitting is replaced, the inspection
should be repeated.

For flange-tapped orifice fittings, the location of the flange tap relative to the faces of the orifice plate must be maintained. This
precludes the use of either thicker or thinner plates than are specified by the origina design, unless the thickness is within the
maximum and minimum range shown in Table 2-3, and differential pressure tap hole tolerances and limits as specified in Figure
2.3 are satisfied, or thefitting has been redrilled. Likewise, the seals or other orifice holding devices should not affect the location
of the plate relative to the taps. Seal/plate combinations should be checked to ensure that the tolerance on the location of the flange
tapsis not exceeded.

2.5.4.1.2 Orifice Flanges

When orifice flanges are used, the pressure tap hole placement may be determined by measuring from the face of the flange to
the pressure tap hole center. Allowance must be made for the thickness and compression of gaskets, o-rings, or other plate-sealing
mechanisms when the orifice plate is pressed between the two flanges.

2.5.4.2 PressureTap Drilling

Pressure tap holes shall be drilled radially to the meter tube; i.e., the centerline of the tap hole shall intersect and form aright
angle with the axis of the meter tube.

2.5.4.3 PressureTap Diameter

The diameter of the pressure tap holes at the inner surface of the meter tube and along the drilled length of the holes shall be 38
(0.375) inch + Y64 (0.016) inch, providing for a maximum diameter of 0.391 inch and a minimum of 0.359 inch for pipe with a
nominal diameter of 2 or 3 inches; and shall be 2 (0.5) inch + %64 (0.016) inch, providing for amaximum diameter of 0.516 inch
and aminimum of 0.484 inch for pipe with anominal diameter of 4 inches or more.

The pressure tap holesin the orifice plate holder may be drilled out and prepared to receive the desired size of pressure-sensing
line connection.

The diameter of the tap hole shall not be reduced within alength equal to 2.5 times the tap hole diameter, as measured from the
inside surface of the meter tube. Reduction of the tap hole diameter while in service, due to the collection of liquids and/or partic-
ulate contamination, is unacceptable.

All pressure tap holes must be round to atolerance of + 0.004 inch throughout their length.

Similarly, the inside diameter of the gauge line should remain constant up to the differential pressure sensor and/or manifold.

To avoid any resonance in the gauge line, the length of the gauge line should be as short as possible or should have lengths (1)
specified according to the highest frequency (f) of concern from one of the following formulas:
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