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By S Stark, Stark & Associates, Inc

Let us review a few of the many pieces of a measurement system re-
garding specifically the testing, maintenance, and operation of natural 
gas flow computers in the reliable calculation of natural gas flow.

Flow measurement system components

A natural gas flow computer (sometimes abbreviated EFC, EFM, ECT, 
EGM, RTU, etc) is only one part of a flow measurement system. Most 
measurement systems can be described as having three basic parts:
• Primary device – the basic meter type (e.g. orifice, Venturi, 

displacement-type, diaphragm, turbine, ultrasonic, Coriolis, etc.).
• Secondary device – the transducers, transmitters, and other 

instruments that communicate pressures, temperatures, and 
other measured variables from the primary device to the tertiary 
device.

• Tertiary device – the flow calculation device that performs final 
flow calculations.

The secondary and tertiary devices (as well as the primary device in 
some cases) can be contained in one or more enclosures, or can be 
packaged and housed at the same general location (e.g. the field site 
or processing plant location). Sometimes, tertiary devices are located 
at greater distances from the point of measurement.

This article addresses only secondary and tertiary devices. API 
MPMS Ch. 21.1 and the meter-specific standards and reports some-
times provide additional valuable information. *NOTES A 

They should be read and studied very completely and carefully 
and discussed internally and externally with everybody involved with 
the measurement process which helps prevent misunderstandings 
and disputes later on.

Flow computer testing - general

The word ‘testing’ can bring to mind many different concepts. Flow 
computers used for custody transfer and other crucial measurement 
applications should be ‘tested’ in two different and separate ways.

The advent of flow computers, electronic flow measurement systems, communication systems, and new metering technologies has drasti-

cally changed the way we measure natural gas.

Natural gas flow computer 
testing and evaluation

Natural gas flow computers came into much wider use for 
custody transfer (fiscal) measurement beginning in the late 
1980s following their less common application in the 1970s 

and before. In the beginning, flow computers were used almost 
exclusively to calculate flow and the earliest models simply offered 
an alternative to chart recorders and a new way to handle and store 
measurement data. 

Thanks to improved microprocessors, field-hardened electronics, 
and better power systems, things improved rapidly. Along the way, 
multiple communications systems evolved as better pressure and 
temperature transducers and new meter types and other technologies 
arrived on the scene.

Today it is possible to enjoy your morning coffee in Tulsa or 
Johannesburg, Cape Town, Houston or virtually anywhere else on 
earth while monitoring flow from thousands of miles away – almost 
instantaneously. These measurement improvements have supported 
the fast-paced marketing structure that helps drive the energy industry 
economy – an economy that grows and prospers thanks to the innova-
tions brought forth by the men and women of a great industry and 
despite the efforts of the small-minded ones who would suppress it.

Now in 2015, our simple little solar-powered white (or black or 
whatever color you prefer) ‘flow computer’ has grown up and learned 
how to do almost anything you can dream up – monitor well perfor-
mance, control pump jacks, direct flow, measure tank levels, listen 
for leaks, operate valves, monitor weather, secure the site, and even 
count the cows in the sheep in the pasture (well, we’re almost there 
on that one). Many modern flow computers provide a mountain of 
data – some people say too much data – and perform many tasks 
essential in a complex and even faster-paced gas energy industry.

Sometimes, the more experienced measurement men and 
women of our industry ponder the situation and wonder if the initial 
purpose of flow computers has been lost in the mix of technology 
and SCADA-systems and other EGM-provided information we rely 
on. They sometimes worry that calculating flow may have become a 
secondary use for flow computers in some cases and that measure-
ment precision is sometimes lost. 
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• During the flow computer selection processes where testing 
helps ensure correct equipment selection, setup, calculations, 
and individual component performance.

• On a regular and recurring basis in the field to confirm that flow 
computer transducers and other system parts are working cor-
rectly and communicating reliably with other parts of the meas-
urement system.

Breaking it down a little further, natural gas flow computers should be 
initially tested and evaluated in two distinct ways during the equip-
ment selection process. They are:
• Static testing
• Dynamic testing

Both types of testing are necessary to ensure that flow computers 
perform:
• Reliably under various flowing conditions and during ambient 

temperature changes
• Dependably relative to alarms and systems control functions
• Correctly in calculating flow including flow parameter averaging 

and including providing reliable audit trail documentation after 
flow occurs

Conducting only one type of test, such as static testing (sometimes 
called ‘bench-testing’), has historically resulted in misunderstandings 
about the performance of flow computers and their related systems. 
Bench testing is much easier and less expensive than dynamic testing 
and is, therefore, the only method selected especially if flow facilities 
are not available. Just because a flow computer correctly calculates 
flow from fixed inputs is no indication that it will correctly calculate 
flow under actual flowing conditions. 

There are many instances where attempts to perform dynamic 
testing using a bench-test method have failed due to the inability to 
reliably track and hold measured variables, often due to the effect 
of thermal instability in a test system. The concept of bench testing 
seems simple but is actually quite complex. Nothing can duplicate 

actual flow when testing and evaluating natural gas flow computers.
Additionally, there is no known way in which a ‘canned’ test 

protocol can be applied to all flow computers due to the wide variety 
of devices on the market today, a fact clearly demonstrated for more 
than thirty years as equipment and technologies have changed and 
improved. Attempting to fit all types of flow computers used with all 
types of primary devices into a standard testing protocol would e a 
very complex process.

The careful flow computer researcher must study and have a 
clear understanding of the equipment under test and its intended use 
included location and flowing conditions. This means, for example, 
if the device is only to be installed in sub-tropical conditions, the 
testing protocol might include investigating equipment component 
acclimatisation to the effect of higher relative humidity and less on 
cold weather hardening. All parties involved in the testing should be 
fully briefed and invited to comment on the final protocol.

No two testing protocols are identical and the key to success is 
very careful and detailed planning and preparations.

Also, no industry measurement standard currently addresses 
either static testing or dynamic testing. However, an API Standard is 
currently under development by the COGFM, titled ‘Testing Protocol 
for Electronic Flow Computers for Gas Flows,’ and designated as API 
MPMS Ch. 22.5. Being a somewhat difficult subject to address, it is 
slow in development. 

Following are some general thoughts relating to static testing 
and dynamic testing.

Flow computer static testing

Because not all operating conditions can be reliably replicated, a test 
matrix is first developed to address the desired operational param-
eters. Initially, nine sets of operational parameters are chosen based 
on anticipated worse case flowing conditions. Engineering units 
are compared in all cases to a tolerance of fifty parts per million (50 
ppm) for flow rate or accumulated flow. Following the completion of 
the initial nine tests, additional test cases are developed to emulate 

Abbreviations/Acronyms 

API  – American Petroleum Institute
CEESI  – Colorado Experiment Engineering Station Inc. 
SCADA  – Supervisory Control and Data Acquisition 

The advent of flow computers, electronic flow 
measurement systems, communication systems, 
and new metering technologies has drastically 

changed the way we measure natural gas.
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a representative range of meter sizes, gas compositions, operating 
parameters, and other anticipated conditions of use. Data retrieval 
through the entire communication system can also be tested during 
the static testing phase. Additional inputs and outputs are likewise 
tested, and are dependent on the particular equipment design and 
intended use.

Static testing is accomplished by manually imputing fixed values 
into the flow computer registers and comparing intermediate calcu-
lated results with individually calculated values that are traceable 
to the applicable standards. Values verified for orifice meters (and 
other differential pressure meters) include the following. *NOTES B

• Conversion from psig to psia – applicability depends on flow 
computer design, transducer type, and transducer design

• Differential pressure – inches H2O
• Static pressure – psia
• Temperature – °F and correct conversion to °R
• Discharge coefficient – (Cd(FT)) for orifice meters conforming 

to API MPMS Ch. 14.3 and per special tests for other differential 
meter type

• Pipe Reynolds number – necessary for calculating discharge coef-
ficient where empirical data are used

• Pressure tap location – P1 or P2

• Expansion factor – Y1 or Y2   *NOTES C
• Velocity of approach factor – Ev

• Flow extension – (Hw Pf)0,5

• Gas compressibility – Zb, Zf1, Zf2

• Gas relative density – Gi, Gr

• Gas density – where applicable as based on suitable EOS or 
densitometer input

• Gas heating value – Btu/ft3

• Acceleration of gravity – Fpwl

• Flow time – seconds, minutes, hours
• Instantaneous flow rate – Scf, Mcf, MMScf, MMBtu
• Accumulated gas flow – Scf, Mcf, MMScf, MMBtu
• Alarms
• Problems indication flags and codes
• SCADA – including CFR 193 and 195 (September 2010) and API 

RP 1165
• Audit logs
• Audit trail – API MPMS Ch. 21.1
• Other parameters required by standards and legal agreements, 

state agencies, federal agencies and depending on the specific 
meter type and design

Figure 1: Basic components 
of the CEESI flow computer 
temperature test chamber 
used for several decades.
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Figure 2: CEESI Primary mass flow testing 
system used for more than forty years in testing 
equipment.

Values verified for linear meter types (e.g. ultrasonic meters, turbine 
meters, rotary meters, diaphragm meters, Coriolis meters, etc.) can 
include (as applicable) some of the same values as listed. Additionally, 
K factors, meter factors, flow calibration data, and the original flow 
calibration audit trail data are carefully considered.

Additional tests under controlled static conditions are conducted 
to define performance limitations under hot and cold ambient 
temperatures ranging from approximately –30º F to approximately 
+130º F. During these tests, all flow computer enclosures, electronics, 
transducer, wiring, and other components are subjected to the same 
temperature extremes while fixed values are input using identical 
transducers and transmitters to be used in practice. Figure 1 shows 
the fundamental parts of a typical temperature test chamber used in 
the evaluation of flow computer systems.

The equipment manufacturer should provide a complete listing 
of all standards, reports, and recommended practices used in devel-
oping their equipment, including the auxiliary components (e.g. gas 
chromatographs, editor systems) they have tested for compatibility, 
and provide independent documentation of such tests.

It is important that all testing address the same equipment, includ-
ing the actual software and firmware to be used in operation, and that 
all static test parameters are documented completely.

Flow computer dynamic testing

A primary mass measurement system developed and operated by 
Colorado Engineering Experiment Station, Inc. (CEESI) is employed 
for the performance of dynamic testing to traceable and verifiable 
accuracy tolerances of +/-0.1% of delivered mass flow.

Orifice meters and other square root meters undergo a minimum 
of five separate flow tests. Turbine meters, rotary meters, diaphragm 
meters, ultrasonic meters, Coriolis meters and other linear meter types 
are subjected to a minimum of three separate flow tests.

Dry air is the preferred test fluid due to excellent uncertainty 
regarding its physical properties, although any gas may be used as 
long as its physical properties are known and very well documented. 
Special considerations are made when a fluid other than natural gas 
is used in the test system.

Test parameters include steady state and varying flow rates de-
signed to meet the most stringent operating conditions under which 
the flow computer will be installed. Standard flow patterns for such 
testing have been developed over many years that may be used to 
replicate gas lifts (gas intermitters) and other severe flowing condi-
tions. At least one of the varying flow tests should include a period 
of zero-flow time which overlaps two of the audit log periods.
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It is crucial that the flow computer clock is settable to a resolution 
of +/- 0.5 seconds of the flow laboratory clock. A separate data ac-
quisition system installed by the flow laboratory is used to facilitate 
troubleshooting to help identify problems during the data analysis 
process. Figure 2 is a general diagram of the CEESI primary mass 
flow testing system. 

Historically, flow test results of acceptable flow computers have 
compared to laboratory results to a tolerance of better than approxi-
mately +/- 0.3% for all dynamic test cases. The required tolerance is 
formally considered and set before testing begins and it is not adjusted 
afterwards. In all static and dynamic testing, it is essential that the test 
parameters selected are similar to those typical of actual operational 
conditions and that intermediate as well as final calculated values 
are verified in all cases. 

This means that not only the final calculated gas volumes (e.g. 
Mcf) are confirmed, but also that transitional values are confirmed 
as well. *NOTES D

Field testing, operation, and maintenance

The process of field testing a flow computer requires careful attention 
to detail and prudent correction and documentation of all problems 
and errors detected. 

Field testing of flow computers consists of a visit to the field site 
whereupon the following items are checked and corrected if neces-
sary. All input values including the following.
• Pressure base
• Temperature base
• Static pressure source (e.g. upstream / downstream pressure tap 

for orifice meters)
• Gas composition source information (e.g. manually input, from 

GC, etc.)
• Compressibility calculation method (and, depending on method 

used, the source of gas composition, Sg, CO2, N2, etc.)
• Specific heats ratio (Cp/Cv) for differential pressure producers
• Gas viscosity (with special attention paid to correct viscosity units)
• Meter tube diameter
• Orifice plate bore (or flow restrictor diameter/size)
• Required ‘K’ factor or meter factor (where applicable)
• Transducer ranges and/or URL (original and as calibrated)
• Flags and alarms (settings and limits functionality)
• Peripheral component settings (gas sampling systems, odorant 

injector settings, etc.)
• Other input values as are applicable to the particular meter type 

or flow computer
• Transducer and transmitter performance

In addition, the following steps should be taken.
1. Thoroughly leak check entire measurement system from pressure 

source throughout tubing including all valves and connections 
and at the temperature well and sample point locations.

2. Determine the as-found condition of transducers including readings 
taken at or near typical operating conditions (e.g. temperature, 
pressure, and differential pressure checks).

3. Perform a re-calibration of transducers as necessary.
4. Determine the approximate error caused by any transducers 

which are found operating outside anticipated limits.
5. Record and document the as-left condition of all transducers.
6. Perform other checks as are applicable to the particular meter 

type and flow computer.

The volumes of information written by flow computer manufactur-
ers regarding equipment maintenance should be carefully read and 
studied to help ensure proper operation 

Conclusion

Gas measurement technology has improved significantly from 
the mid-1960s until today in 2015. The advent of flow computers, 
electronic flow measurement systems, communication systems, 
and new metering technologies has drastically changed the way 
we measure natural gas. Even so, greater care must be taken today 
than ever before to ensure gas quantities are calculated correctly 
because many end-users now place more emphasis on the ancillary 
functions and associated systems than on the proper and correct 
quantification of flow.
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* NOTES 
A As of the writing of this article in March 2015, API MPMS Ch. 21.1 has been revised and reprinted. As is common in many hydrocarbon 
measurement standards, it is necessarily vague in some sections while over-cooked in others due to the viewpoints and biases of the many 
authors and contributors all of whom (like all of us) have limited knowledge and individual opinions. 
B The selection of tested and verified values depends on the specific meter type, meter design, and intended use. In the example given, orifice 
meters have been selected as the primary measurement device.
C Latest and pending revisions to industry measurement standards are reviewed to help ensure that all applicable measurement calculations 
and parameters are checked. For example, API MPMS Ch.14.3 (orifice metering) has undergone revision with additional changes pending. 
D The ‘intermediate’ and ‘transitional’ values mentioned in this article include discharge coefficient, compressibility, expansion factor, water 
vapor correction factors, acceleration of gravity correction, calculated Btu, calculated MMBtu (Dth), and other flow-dependent variables that 
are selected depending on the particular meter type for which the flow computer is designed.


