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In the domain of high-precision fluid dynamics and fiscal metering, the accurate measurement of natural gas flow is 

a fundamental requirement for both technical integrity and economic fairness. Natural gas, unlike an ideal gas, 

does not follow the linear relationship described by the Ideal Gas Law (PV=nRT) under high pressure and varying 

temperatures. To account for this deviation, engineers and metrologists employ a correction factor known as the 

compressibility factor (Z), or more specifically in orifice metering, the supercompressibility factor (Fpv). Among the 

various methodologies developed to calculate these factors, the AGA Report NX-19stands as a foundational

standard that remains widely utilized in legacy systems and specific industrial applications despite the emergence

of more complex models like AGA-8 and GERG-2008.

The Theoretical Foundation of Gas Supercompressibility

To understand the NX-19 equation, one must first grasp the concept of real gas behavior. In an ideal gas, 

molecules are assumed to have no volume and exert no intermolecular forces. However, at the pressures typical of 

natural gas pipelines—often exceeding 1,000 psi—the physical volume of the gas molecules themselves and the 

attractive/repulsive forces between them become significant. This deviation is quantified by the compressibility 

factor, Z. The relationship is expressed as:

PV = ZnRT

Where Z is a dimensionless value that represents the ratio of the actual volume of a real gas to the volume 

predicted by the ideal gas law at the same temperature and pressure. For most natural gas mixtures at common 

pipeline conditions, Z is less than 1.0, meaning the gas is more compressible than an ideal gas. In the context of 

orifice flow measurement (AGA-3), the term Supercompressibility Factor (Fpv)is used, which is mathematically

related to Z by the following equation:

Fpv = "�(1/Z)

The NX-19 equation was developed by the American Gas Association (AGA) in the 1960s to provide a

standardized, computationally efficient method for calculating Fpv using limited input data. Its primary advantage

was its ability to run on early electronic flow computers and mechanical calculators that lacked the processing

power required for complex equations of state.

The NX-19 Methodology: Input Variables and Logic

The NX-19 calculation is primarily a Specific Gravity-based method. It relies on a set of empirical correlations

derived from the Law of Corresponding States. This law suggests that all gases, when compared at the same

"reduced" conditions (pressure and temperature relative to their critical points), will exhibit similar compressibility

behavior.

Core Input Parameters

To compute the supercompressibility factor using NX-19, the following primary data points are required:



•  Flowing Pressure (Pf): Usually measured in pounds per square inch gauge (psig) or absolute (psia).

•  Flowing Temperature (Tf): Measured in degrees Fahrenheit or Rankine.

•  Specific Gravity (G): The ratio of the density of the gas to the density of air at standard conditions.

•  Carbon Dioxide (CO2) Content: The mole percent of CO2 in the gas stream.

•  Nitrogen (N2) Content: The mole percent of N2 in the gas stream.

The Fixed Ft and Fp Adjustment

A distinctive feature of the NX-19 algorithm is the use of adjustment factors for temperature (Ft) and pressure (Fp).

Because natural gas is a mixture of various hydrocarbons and non-hydrocarbons, its critical properties (critical

temperature and pressure) change based on its composition. The NX-19 method simplifies this by using the

specific gravity to estimate the pseudocritical properties, then applying corrections for the presence of CO2 and N2.

In many modern flow computers, the Fixed FtFpapproach is used to optimize processing. The computer

calculates these adjustment factors once based on a known gas analysis and then applies them to the varying live

inputs of pressure and temperature. This allows for rapid, real-time updates to the Fpv value without re-solving the

entire compositional matrix every second.

Comparison of Calculation Standards

While NX-19 is historically significant, it is important to understand where it sits in the hierarchy of gas

measurement standards. As gas analysis technology evolved from simple gravity measurements to full gas

chromatography (GC), more precise standards were developed.



Standard Year Input Requirements Accuracy/Range Primary Use Case

AGA NX-19 1962 Pressure, Temp, SG, 
CO2, N2

Moderate; limited to 
lean gases and 
moderate pressures.

Legacy systems, 
simple flow 
computers, lean gas 
pipelines.

AGA-8 Gross 1992 Pressure, Temp, SG, 
CO2, N2, Heating 
Value

Higher accuracy 
than NX-19; uses 
simplified 
composition.

Standard distribution 
and transmission 
systems.

AGA-8 Detailed 1992 Pressure, Temp, Full 
Molar Composition 
(21 components)

Highest accuracy; 
handles wide ranges 
of pressure/temp.

Fiscal transfer, high-
value custody 
transfer.

SGERG-88 1988 Pressure, Temp, SG, 
CO2, H2

Optimized for 
European gas 
compositions.

International 
transmission and 
European markets.

Why NX-19 is Still Relevant

Despite the superior accuracy of AGA-8, NX-19 remains in use for several reasons:

1.  Legacy Infrastructure: Many existing pipelines utilize older flow computers that were hard-coded with NX-19 

logic. Replacing these systems involves significant capital expenditure.

2.  Computational Simplicity: In remote locations with low power availability (solar-powered RTUs), the lower 

computational overhead of NX-19 can be an advantage.

3.  Agreement Consistency: Custody transfer contracts written decades ago may legally mandate the use of 

NX-19 for the duration of the contract to maintain consistency in billing.

4.  Lean Gas Suitability: For simple, lean natural gas (predominantly methane) at pressures below 1,000 psi, the 

difference between NX-19 and AGA-8 is often negligible (frequently less than 0.1%).

Technical Workflow: Implementing NX-19 in a Flow Computer

The implementation of NX-19 in a digital environment follows a structured algorithmic path. For a Senior Technical

Writer or Engineer documenting this process, the workflow can be broken down into the following stages:

Stage 1: Initialization and Constant Definition

The system must first define the base constants for the specific gas mixture. This involves calculating the Adjusted 

Specific Gravityif CO2 and N2 are present. The presence of non-hydrocarbons "skews" the gravity-based

prediction, necessitating a shift in the pseudocritical values.

Stage 2: Calculation of Pseudocritical Properties

Using the specific gravity (G), the pseudocritical temperature (Tpc) and pressure (Ppc) are estimated using the

following generalized correlations (simplified for illustration):

•  Tpc "H 157 + 336G - 158(CO2) - 133(N2)

•  Ppc "H 690 - 31G + 429(CO2) - 168(N2)

Note: These coefficients vary slightly depending on the specific NX-19 variation (e.g., Standard vs. MOD).

Stage 3: Determination of Reduced Conditions



The flowing temperature and pressure are converted into reduced units:

•  Reduced Temperature (Tr) = Flowing Temp / Tpc

•  Reduced Pressure (Pr) = Flowing Pressure / Ppc

Stage 4: Polynomial Approximation of Fpv

The core of the NX-19 equation is a complex polynomial or a series of lookup tables (in older systems) that

correlate Tr and Pr to the Fpv factor. Modern implementations use a set of nested equations that iterate or directly

solve for Fpv based on the reduced conditions.

Practical Implementation and Field Guide

For field technicians and measurement engineers, ensuring the accuracy of an NX-19 system requires diligent

attention to the quality of input data. Since NX-19 is a "black box" calculation inside most flow computers, the

integrity of the output is entirely dependent on the sensors and the static gas analysis data.

Calibration Checklist

•  Pressure Transmitters: Must be calibrated for both zero and span. Even a 1% error in pressure reading can 

result in a significant error in the calculated Fpv, especially at higher pressures.

•  Temperature Probes (RTDs): Since temperature is a critical denominator in the reduced temperature 

calculation, ensure the RTD is inserted into the flow stream correctly with proper thermowell fluid.

•  Gas Analysis Updates: Gas composition (SG, CO2, N2) is rarely static. Seasonal changes in gas supply can 

shift the specific gravity. It is recommended to update the fixed Ft and Fp factors in the flow computer following 

every monthly or quarterly gas chromatography sample.

Common Error Sources

While the NX-19 formula itself is robust, operational errors can lead to "Unaccounted For" (UAF) gas losses.

Common issues include:

•  Using Gauge Pressure instead of Absolute: The NX-19 equation requires absolute pressure. If the flow 

computer is not properly configured to add the local atmospheric pressure to the gauge reading, the Fpv 

calculation will be fundamentally flawed.

•  Rich Gas Deviation: If the gas stream contains high levels of heavy hydrocarbons (Ethane, Propane, Butane), 

the specific gravity method of NX-19 starts to lose accuracy. In these cases, upgrading to AGA-8 Detailed is highly 

recommended.

•  Data Entry Errors: Simple typos in entering the CO2 or N2 percentages into the flow computer can shift the 

Fpv by several percentage points, leading to massive financial discrepancies over time.

Case Study: NX-19 vs. AGA-8 in a High-Pressure Pipeline

Consider a pipeline operating at 900 psig and 60°F with a gas specific gravity of 0.65. The gas contains 1.5% CO2

and 0.5% N2. An engineer is tasked with determining if the legacy NX-19 system needs to be upgraded to AGA-8

to reduce measurement uncertainty.

Calculation Comparison

In this scenario, the calculated Fpv values might look like this:

•  NX-19 Fpv: 1.0842

•  AGA-8 Gross Fpv: 1.0848

•  Difference: 0.0006 (or 0.055%)



For a pipeline flowing 100 Million Standard Cubic Feet per day (MMscfd) at a gas price of $3.00/Mscf, a 0.055%

difference equates to approximately $165 per day, or $60,225 per year. In the world of fiscal metering, this is often

considered within the allowable uncertainty for many commercial contracts. However, if the pressure were to

increase to 1,500 psig, the divergence between NX-19 and AGA-8 would widen significantly, potentially justifying

the cost of a hardware and software upgrade.

Theoretical Limitations and Broader Implications

The NX-19 equation is essentially a curve-fitting exercise based on data available in the 1950s and 60s. Its primary

limitation is its range of validity. It was designed for "normal" natural gas—methane-heavy mixtures with low inert

gas content. When applied to "sour" gas (high H2S), "acid" gas (high CO2), or very rich gas (high NGL content),

the empirical correlations begin to break down.

Furthermore, the NX-19 equation does not account for the phase behavior of the gas. If the gas is near its

hydrocarbon dew point, where liquids might begin to drop out, the supercompressibility factor calculated by NX-19

will be highly inaccurate. Modern standards like AGA-8 and GERG-2008 incorporate more sophisticated

thermodynamic models that better handle these edge cases.

As the energy industry transitions toward hydrogen blending and Carbon Capture, Utilization, and Storage (CCUS),

the limitations of NX-19 become even more pronounced. Hydrogen has a significantly different critical temperature

and pressure than methane. Applying a specific-gravity-based NX-19 model to a methane-hydrogen blend would

result in unacceptable errors. Future measurement infrastructures will increasingly rely on the GERG-2008

equation of state, which is designed to handle multi-component mixtures including hydrogen, carbon monoxide,

and oxygen with high precision.

In conclusion, the AGA NX-19 supercompressibility equation remains a titan of industry history—a testament to

efficient engineering in a pre-supercomputer era. While it is being gradually phased out in favor of more

comprehensive models like AGA-8, a deep understanding of its mechanics, adjustment factors (Ft and Fp), and its

specific gravity-based logic remains essential for any technical professional involved in the measurement,

regulation, or distribution of natural gas. By maintaining rigorous calibration standards and understanding the

mathematical boundaries of the equation, operators can continue to leverage NX-19 effectively while planning for

the inevitable transition to modern computational standards.
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