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The measurement of natural gas is a cornerstone of the global energy economy, necessitating high precision,
reliability, and standardized practices. Among the various technologies employed for fiscal and custody transfer,
Multipath Ultrasonic Meters (USMs) have emerged as the industry standard due to their high rangeability, lack of
moving parts, and inherent diagnostic capabilities. Central to the governance of this technology is AGA Report No.
9, published by the American Gas Association. This report serves as a performance-based specification that
outlines the necessary criteria for the design, manufacture, and operation of multipath ultrasonic meters. This
article provides an in-depth technical analysis of AGA Report No. 9, covering its evolution, core mechanical
principles, calibration requirements, and practical field implementation.

1.The Historical Context and Evolution of AGA Report No. 9

Prior to the widespread adoption of ultrasonic technology, the natural gas industry relied heavily on orifice meters
(AGA 3) and turbine meters (AGA 7). While effective, these technologies offered limited turndown ratios and were
susceptible to mechanical wear. In June 1998, the American Gas Association released the first edition of AGA
Report No. 9, titled "Measurement of Gas by Multipath Ultrasonic Meters." This document was developed by the
Transmission Measurement Committee (TMC) to provide a unified framework for USMs.

The report has undergone several revisions, most notably the 2017 Third Edition, which reflects advancements in
digital signal processing (DSP) and more rigorous calibration requirements. Unlike prescriptive standards that
dictate exact dimensions, AGA 9 is a performance-based specification. This means it defines the required
accuracy and reliability outcomes while allowing manufacturers the flexibility to innovate in transducer arrangement,
path geometry, and electronics.

2. Core Technical Principles of Transit-Time Ultrasonic Meters

The fundamental mechanism governed by AGA 9 is the transit-time difference method. Multipath  ultrasonic
meters function by sending high-frequency sound pulses (typically 100 kHz to 200 kHz) back and forth across the
flowing gas stream. The pulses traveling with the flow (downstream) move faster than those traveling against the
flow (upstream).

2.1 The Mathematical Model

The average velocity of the gas along a specific acoustic path is derived from the difference in these transit times.
The basic formula for the gas velocity (v) along a path of length (L) at an angle (&phi;) to the pipe axis is:

v =(L /2 &middot; cos &phi;) &middot; (1/t_dn - 1/t_up)

Where:

e t_up: Transit time in the upstream direction.

e t dn: Transit time in the downstream direction.

e L:The acoustic path length between the faces of the transducers.
¢ &phi;: The angle between the acoustic path and the pipe axis.



By using multiple paths (minimum of three for custody transfer according to AGA 9), the meter can integrate these
velocities across different sections of the pipe to calculate the bulk flow velocity, compensating for variations in
the flow profile such as swirl or asymmetry.

3. Meter Design and Performance Requirements

AGA 9 classifies meters based on their size and intended application. A critical requirement is that for custody
transfer, the meter must have at least three independent acoustic paths. This redundancy is vital for detecting flow
profile abnormalities and ensuring high accuracy.

3.1 Performance Specifications (MPE)

The standard sets strict limits on the Maximum Permissible Error (MPE). These errors are typically categorized
by the meter size (nominal pipe diameter). Smaller meters often have slightly wider tolerances than larger meters
due to the physics of sound propagation and the relative impact of wall effects.



Meter Size (DN) Typical MPE (Pre- Typical MPE (Post- Repeatability

Calibration) Calibration)
&lt; 12 inches (300mm) &plusmn;1.0% &plusmn;0.3% &plusmn;0.1%
&ge; 12 inches (300mm) &plusmn;0.7% &plusmn;0.3% &plusmn;0.05%

3.2 Material and Structural Integrity

The meter body must withstand significant pressure (often ANSI 600 or higher) and temperature fluctuations. AGA
9 requires that the meter body expansion due to pressure and temperature be mathematically compensated in the
flow computer to maintain accuracy. This is known as dimensional compensation, where the path length (L) is
adjusted based on the material's coefficient of thermal expansion.

4. Installation and Piping Requirements

One of the most critical sections of AGA Report No. 9 involves the installation environment. Even the most accurate
meter will provide erroneous data if the flow profile entering the meter is distorted by upstream valves, elbows, or
headers.

4.1 Upstream and Downstream Piping

Historically, AGA 9 recommended a minimum of 10 to 20 diameters (10D to 20D) of straight upstream pipe.
However, modern implementations often utilize a Flow Conditioner(such as a CPA or Spear plate) to shorten this
distance while ensuring a fully developed, stable flow profile. The 2017 edition emphasizes the "Meter Run" as a
single integrated unit, comprising the upstream piping, the flow conditioner, and the meter itself.

4.2 Thermal Wells and Pressure Taps

AGA 9 specifies the placement of pressure and temperature sensors. Pressure taps should be located on the
meter body itself (if provided) or within a specific distance from the meter flange. Temperature sensors (RTDs) must
be placed downstream (typically 2D to 5D) to ensure the sensor probe does not create turbulence that affects the
ultrasonic paths.

5. Flow Calibration: The Shift to Mandatory Lab Testing

While AGA 9 allows for "dry calibration” (using geometric measurements and SOS verification) for check meters, it
strongly mandates flow calibrationfor all fiscal and custody transfer applications. This process involves sending
the meter run to a certified high-pressure flow laboratory (e.g., CEESI, TransCanada, or Pigsar).

5.1 Calibration Methodology

During a flow lab test, the meter is compared against a reference standard across a range of flow rates, from Qmin
to Qmax. A Calibration Logis generated, producing an error curve. This curve is then used to program a "Meter
Factor" or a "Multi-point Linearization Table" into the meter's electronics to nullify the systematic error.

5.2 Verification with AGA Report No. 10

A unique feature of USMs is the ability to compare the measured Speed of Sound (SOS) with the theoretical SOS
calculated from the gas composition using AGA Report No. 10. If the difference between the meter's measured
SOS and the calculated SOS exceeds 0.25%, it indicates a potential issue with the gas analysis, the pressure/
temperature sensors, or the meter's timing electronics. This serves as an automated "check-standard" in the field.



6. Operational Diagnostics and Health Monitoring

Unlike orifice plates, which are "blind" instruments, AGA 9 compliant meters provide a wealth of diagnostic data.
This enables Condition-Based Maintenance (CBM) instead of traditional scheduled maintenance.

¢ Gain Levels: High gain levels for a specific path can indicate transducer fouling, liquid entrainment, or signal
attenuation due to high CO2 or H2S levels.

 Signal-to-Noise Ratio (SNR): Low SNR indicates acoustic noise interference, often from control valves located
near the meter.

< Path Velocity Ratios: Comparing the velocity of the top paths to the bottom paths can detect the presence of
liquids or debris (e.g., "bottom fouling").

e Turbulence Levels: High turbulence values suggest upstream piping issues or a failing flow conditioner.

7. Comparative Analysis: Ultrasonic vs. Other Technologies

To understand why AGA 9 is the preferred standard for high-volume measurement, it is useful to compare USMs
with other common technologies used in the gas industry.



Feature

Turndown Ratio

Pressure Drop

Moving Parts

Diagnostics

Maintenance

Multipath Ultrasonic
(AGA 9)

Up to 100:1

Negligible (Full Bore)

None

High (Self-monitoring)

Low

Orifice Plate (AGA 3)

4:1

Significant

None

None

High (Plate inspection)

Turbine Meter (AGA 7)

20:1

Moderate

Bearings / Rotors

Limited

High (Lubrication)

8. Field Guide for Implementation and Troubleshooting

Implementing an AGA 9 measurement system requires meticulous attention to detail during the commissioning
phase. Engineers should follow a structured checklist to ensure compliance and longevity.

8.1 Pre-Installation Checklist

1. Verify Pipe Internal Diameter (ID): Ensure the upstream and downstream piping matches the meter ID to
within the tolerances specified by the manufacturer (usually &It; 1%).

2. Inspect Flow Conditioner: Ensure the conditioner is installed in the correct orientation. A backwards flow
conditioner will cause severe profile distortion.

3. Check Transducer Alignment: Ensure transducers are seated correctly and that cables are shielded to
prevent electromagnetic interference.

8.2 Troubleshooting Common Failure Modes

Even with strict adherence to AGA 9, operational challenges can arise. Common issues include:

e Acoustic Noise: Control valves can generate ultrasonic noise that "swamps" the meter's signal. Solution: Use
"low-noise" valve trims or increase the distance between the valve and the meter.

« Liquid Contamination: Condensed liquids in the gas stream can block the transducer ports or reflect the
sound pulses. Solution: Ensure proper gas filtration and separation upstream of the meter.

¢ Clock Drift: The internal oscillator of the meter's electronics must be stable. Periodic verification against a
reference clock is recommended.

9. Advanced Considerations: Uncertainty and Traceability

The goal of any AGA 9 measurement system is to minimize measurement uncertainty. This involves a root-sum-
square (RSS) calculation of all error sources, including the meter's repeatability, the flow lab's uncertainty, and the
uncertainties of the pressure and temperature transmitters. For a well-calibrated AGA 9 system, a total system
uncertainty of &plusmn;0.5% or better is achievable.

Traceability is equally important. All calibration data must be traceable to national standards (e.g., NIST in the
USA). The documentation provided with an AGA 9 meter should include the material test reports (MTRS), hydro-
test certificates, and the final flow calibration report from the laboratory.

The Future of AGA Report No. 9



As the energy industry transitions toward hydrogen blending and carbon capture (CCS), the role of AGA 9 is
expanding. Multipath ultrasonic meters are proving to be highly adaptable to hydrogen-natural gas blends, though
the higher speed of sound in hydrogen requires updates to the transducer frequencies and signal processing
algorithms. Future revisions of the report are expected to provide specific guidance on these emerging gas
compositions, ensuring that ultrasonic technology remains the gold standard for high-accuracy gas measurement in
the decades to come.

In conclusion, AGA Report No. 9 is more than just a set of rules; it is a comprehensive engineering framework that
ensures fairness and accuracy in the multi-billion dollar gas trade. By adhering to its performance-based
requirements, operators can leverage the full diagnostic and metrological power of multipath ultrasonic technology,
minimizing financial risk and operational downtime.

Tags: #AGA 9 #Ultrasonic Flow Meter #Gas Measurement #Custody Transfer #Natural Gas Standards



Page 1 of 6



Page 2 of 6



Page 3 of 6



Page 4 of 6



Page 5 of 6



Page 6 of 6



