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The measurement of natural gas and hydrocarbon fluids is the financial backbone of the energy industry. Within
this domain, orifice metering remains the most widely used technology for custody transfer due to its reliability, lack
of moving parts, and well-documented performance characteristics. Central to the success of this technology is the
APl Manual of Petroleum Measurement Standards (MPMS) Chapter 14.3, also known as AGA Report No. 3 or
GPA 8185. Specifically, Part 2 of this standard focuses on the Specification and Installation Requirements,
providing the engineering blueprints necessary to ensure measurement accuracy and minimize uncertainty.

The Critical Role of API114.3/ AGA 3 in Global Energy Markets

In the context of custody transfer, where billions of dollars worth of natural gas change hands daily, even a 0.5%
error in flow measurement can lead to massive financial discrepancies. The API 14.3 standard provides a rigorous
framework for the design, fabrication, and installation of concentric, square-edged orifice meters. By adhering to
these standards, operators can achieve high levels of repeatability and accuracy, essential for legal and commercial
compliance.

API 14.3 is divided into several parts, each addressing a specific aspect of the metering system. While Part 1
focuses on general equations and Part 3 on natural gas applications, Part 2serves as the physical "build guide." It
defines the mechanical tolerances of the orifice plate, the meter tube, and the associated piping, ensuring that the
fluid dynamics within the system match the empirical data used to derive the discharge coefficient equations.

Evolution of the Standard: From 1993 to 2016 Revisions

The standard has undergone significant revisions to reflect advancements in flow research and computational fluid
dynamics (CFD). Understanding these revisions is crucial for engineers managing legacy systems or designing
new facilities. The most notable shifts occurred between the 1993 edition, the 2000 (Fourth Edition), and the most
recent 2016 (Fifth Edition).

The 2000 Revision (Fourth Edition)

The April 2000 revision introduced more stringent requirements for meter tube lengths and the use of flow
conditioners. This update was driven by the realization that swirl and velocity profile distortions caused by upstream
piping configurations (like out-of-plane elbows) were more persistent than previously thought. The 2000 edition
effectively increased the minimum required straight pipe lengths for many configurations to ensure a fully
developed flow profile reached the orifice plate.

The 2016 Revision (Fifth Edition)

The 2016 revision of APl MPMS 14.3 Part 2 further refined these requirements. Key updates included more
detailed specifications for orifice plate eccentricity, thermowell placement, and the allowable surface
roughnessof the meter tube. It also provided clearer guidance on the installation of various types of flow
conditioners, acknowledging that modern high-performance conditioners can significantly reduce the required



footprint of a meter station while maintaining accuracy.

Technical Specifications for Orifice Plates

The orifice plate is the heart of the differential pressure (DP) measurement system. Because the discharge
coefficient (Cd) is derived from testing "perfect” plates, any deviation from the standard’'s mechanical specifications
will introduce unquantified bias into the measurement.

» Edge Sharpness: The upstream edge of the orifice bore must be square and sharp. Under the standard, the
edge is considered sharp if it does not reflect a beam of light when viewed without magnification. Even slight
rounding can lead to an under-estimation of flow.

¢ Plate Flatness: The plate must be flat within defined tolerances. A bowed or warped plate distorts the flow
lines as they approach the bore, altering the Vena Contracta and leading to significant measurement errors.

e Surface Roughness: The face of the plate must be smooth. Deposits or pitting can increase friction at the
plate surface, affecting the pressure drop across the device.

« Bore Diameter (d): The internal diameter of the orifice must be measured at several points and averaged. The
standard specifies strict tolerances for the circularity of the bore.

Table 1: Critical Orifice Plate Tolerances



Parameter Specification Requirement Impact of Non-Compliance

Edge Sharpness No light reflection (radius &lIt; 0.0001d) Over-estimation or under-estimation
of Cd

Flatness &lt; 1% of dam height Flow profile distortion and bias

Bore Diameter &plusmn;0.05% tolerance Direct error in flow rate calculation

Eccentricity Centered within 1% of pipe ID Asymmetric flow and increased
uncertainty

Meter Tube Requirements and Flow Dynamics

The "meter tube" refers to the straight sections of pipe upstream and downstream of the orifice plate. API 14.3 Part
2dictates the internal surface finish and the length of these sections to ensure that the flow entering the orifice is
predictable and uniform.

Upstream and Downstream Pipe Lengths

Flow disturbances such as valves, elbows, and reducers create turbulence and swirl. The standard provides tables
based on the Beta Ratio (&beta;)—the ratio of the orifice bore diameter to the pipe internal diameter. As the Beta
Ratio increases, the meter becomes more sensitive to upstream disturbances, requiring longer straight pipe runs or
the use of flow conditioners.

Internal Surface Roughness

The internal pipe walls must have a specific range of roughness. If the pipe is too smooth (like plastic) or too rough
(due to heavy corrosion), the velocity profile of the gas will be altered. For most applications, a roughness between
300 and 600 micro-inches is typical, though the standard provides specific limits based on the pipe size and Beta
Ratio.

Thermowell Placement

Temperature measurement is vital for calculating the density of the gas. However, a thermowell is a physical
obstruction that can create turbulence. API 14.3 Part 2 specifies that thermowells should typically be located
downstreamof the orifice plate, usually between 5 and 15 pipe diameters away, to ensure they do not interfere
with the pressure differential at the plate.

Flow Conditioners: Performance vs. Footprint

One of the most significant aspects of modern orifice meter design is the use of flow conditioners. These devices
are designed to remove swirl and redistribute the velocity profile into a "fully developed" state in a much shorter
distance than natural pipe friction would allow.

Types of Conditioners

1. Tube Bundles (Straightening Vanes): A cluster of small tubes inside the pipe. While effective at removing
swirl, they are less effective at correcting velocity profile distortions.

2. High-Performance Isolating Conditioners: Devices like the CPA 50E or Daniel Senior Conditioners use
perforated plates with specific hole patterns to both remove swirl and reshape the profile. These allow for
significantly shorter meter tubes, saving space and material costs in offshore or skid-mounted applications.



Step-by-Step Implementation and Field Inspection

To maintain compliance with API1 14.3 / AGA 3, operators must follow a rigorous inspection and maintenance
schedule. The following workflow outlines the standard procedure for verifying an orifice meter station:

1.Visual Inspection of the Orifice Plate

The plate should be pulled periodically to check for "nicks" on the orifice edge, buildup of liquids or solids (which
can create a "dam" effect), and signs of bending. The use of an Orifice Fitting(such as a Senior Orifice Fitting)
allows for the removal of the plate without de-pressurizing the line.

2. Bore Measurement and Calibration

Using calibrated micrometers, the operator must verify that the bore diameter (d) and the pipe diameter (D) remain
within the tolerances specified in the original design. This is especially important in corrosive or erosive
environments.

3. Pressure Tap Inspection

The pressure taps (usually flange taps) must be inspected for blockages. The standard specifies the exact distance
the taps must be from the plate faces and the diameter of the tap holes. Burrs on the inside of the tap holes can
cause "noise" in the differential pressure signal, leading to erratic readings.

4., Seal Ring Integrity

The seal ring (often an elastomer or Teflon) ensures that all gas passes through the orifice bore and does not
bypass the plate. A leaking seal ring is a common source of "lost and unaccounted for" (LAUF) gas.

Troubleshooting Common Operational Challenges

Even with a perfectly designed system, operational issues can arise. API 14.3 Part 2 provides the baseline against
which these issues are diagnosed.

¢ Liquid Entrainment: If liquids are present in a gas stream, they can pool at the bottom of the pipe against the
orifice plate. This changes the effective shape of the pipe and the Beta Ratio. Solution: Use "drain holes" in the
orifice plate (if permitted) or install upstream separators.

¢ Pulsation: Reciprocating compressors can cause pressure pulsations. Orifice meters are inherently sensitive
to pulsation, which usually results in a positive bias (over-measurement). Solution: Install pulsation dampeners or
move the meter station further from the source.

« Edge Rounding: In high-velocity streams containing sand or grit, the sharp edge of the orifice can become
rounded over time. This reduces the pressure drop, causing the meter to under-read.

Comparative Analysis: AGA 3 Part 2 vs. Other DP Standards



Feature

Primary Application

Pressure Tap Type

Discharge Coeff. Eq.

Installation Focus

APl 14.3/AGA 3

Natural Gas (North
America)

Primarily Flange Taps

Reader-Harris/Gallagher
(1992)

Extensive guidance on
Conditioners

ISO 5167

International / Industrial

Corner, D, and D/2 Taps

Reader-Harris/Gallagher
(2000)

Rigid straight-pipe tables

ASME MFC-3M

General Fluid Flow (US)

Flange and Pipe Taps

Modified RG Equation

General application
guidance

Summary and Future Outlook

The API MPMS Chapter 14.3 / AGA Report No. 3 - Part 2remains the definitive authority on orifice meter
installation. Its rigorous requirements for mechanical tolerances, pipe lengths, and surface finishes are what allow
the industry to treat a simple hole in a metal plate as a high-precision laboratory instrument.

As the industry moves toward digital transformation, the principles of Part 2 are being integrated into Smart
Meteringsystems. Real-time diagnostics can now monitor the differential pressure across the flow conditioner or
compare the readings of two different sets of taps to detect plate deformities or liquid buildup. However, these
digital advancements are only as good as the physical installation they monitor. Adherence to the fundamental
specifications of APl 14.3 Part 2 ensures that the foundation of the measurement system is sound, providing the
accuracy and transparency required for the global energy trade.

For engineers, technicians, and auditors, mastering Part 2 is not just a regulatory requirement; it is a commitment
to measurement excellence. By understanding the interplay between fluid dynamics and mechanical precision,
operators can ensure that their orifice metering systems provide reliable data for decades of service.
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