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Field Standard Meters – Presentation Goals

• Describe - initial calibration traceability 

• Duty meters 

• Field Standard Meters

• Show - additional traceable verification data for Field Standard Meters

• Gravimetric

• Volume Proving

• Compare - OIML vs NIST Handbook 44 Tolerances

• Describe - American Petroleum Institute Recommendations

• Proving and Master Meter

• Describe - Added benefit: Calibration vs Electronic Diagnostic Verification

• Show - Global Field Standard Meter Examples
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All Mass Flow Meters Are Calibrated - Metrological Chain For Calibration

Traceable calibration means…

Property of a measurement result 

to be related to a reference 

through a documented and 

unbroken chain of calibrations

(99.5% Confidence Level)
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Mass Flow Meters Are Calibrated Using Primary and Secondary Standards

Flow calibration via primary (a) and secondary flow standard (b)
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OIML Accuracy Class Compared to NIST Handbook 44 3.37 Mass Flow Meter 
Table T.2. 

Accuracy Classes and Tolerances for Mass Flow Meters

Accuracy 
Class

Application or Commodity
Being Measured

Acceptance 
Tolerance

Maintenance 
Tolerance

Special 
Tolerance

0.3 - Large capacity motor-fuel dispensers
(maximum discharge flow rates greater
than 100 L/min or 25 gal/min)

- Heated products (other than asphalt) at
temperatures greater than 50 °C
(122 °F)

- Asphalt at temperatures equal to or
below 50 °C (122 °F)

- Loading rack meters
- Vehicle-tank meters
- Home heating oil
- Milk and other food products
- All other liquid applications not shown in

the table where the minimum delivery is at
least 700 kg (1500 lb)

0.2 % 0.3 % 0.5 %

0.3A - Asphalt at temperatures greater than
50 °C (122 °F)

0.3 % 0.3 % 0.5 %

0.5 - Small capacity (retail) motor-fuel
dispensers

- Agri-chemical liquids
- All other liquid applications not shown in

the table where the minimum delivery is
less than 700 kg or 1500 lb

0.3 % 0.5 % 0.5 %

1.0 - Anhydrous ammonia
- LP Gas (including vehicle-tank meters)

0.6 % 1.0 % 1.0 %

2.0 - Compressed natural gas as a motor-fuel 1.5 % 2.0 % 2.0 %

2.5 - Cryogenic liquid meters
- Liquefied compressed gases other than

LP Gas

1.5 % 2.5 % 2.5 %

(Added 1994) (Amended 1999, 2001, and 2013)
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OIML System “A” versus Meter “B” Tolerance

Line A: Complete Measuring System

Line B: Accuracy of one meter
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American Petroleum Institute – Manual on Petroleum Measurement Standards

Open Tank Small Volume 
Pipe Prover

Piston Prover (Uni 
or Bi-Di) Prover

Master Meter 
Prover
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American Petroleum Institute – Master Meter Provers

• Master meter proving is used when proving by the direct method can 

not be accomplished because of meter characteristics, logistics, time, 

space, safety, and cost considerations. 

• The terminology for this type of proving is “Indirect master meter proving”; 
according to MPMS Ch.4.5 clause 6.5 ,to establish a master meter factor (and 
this meter could be used for that duty), a proving against a conventional prover 
on site or accredited calibration shall be performed with a repeatability that 
results in a demonstrated random uncertainty of ±0.029 % or better, at a 95% 
confidence level. 

• Our procedure for proving of the master meter uses an SVP with criteria of 

0.05% repeatability in 5 runs : B+B in the table B.2 examples below: 
• Third Edition, June 2011 

• Note: Latest issue is: 

• Fourth Edition, June 2016 

Field Standard Meters

Slide 8 Michael Keilty



January 10, 2022

American Petroleum Institute – Operation of Proving Systems
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Calibration or Proving Supported By Electronic Diagnostic Verification

What is the relation between calibration and verification 

results?

Calibration 
report

Verification report

Calibration rig
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Calibration vs Electronic Diagnostic Verification Comparison

Example: A verification task based on the flowmeter measurement error

Field Standard Meters

Slide 11 Michael Keilty



January 10, 2022

Germany Approval for Field Standard Meters

• Approval for use as a field standard of use for testing of 

measuring systems of accuracy class 0.5*.

• Valid for: 

• Low-viscosity mineral oils (fuels, heating oil, each also with biogenic 

proportions)

• Ethanol, Biodiesel

• Aqueous solutions (including water)

• Approval granted by LBME (Landesbetrieb Mess-und 

Eichwesen Nordrhein-Westfalen) 12 May 2014

* Compliance with the administrative regulation "Gesetzliches Messwesen – General test instructions for 

measuring instruments for flowing Liquids other than water (GM-P5)
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France Approvals for Field Standard Meters

• Approval for use as a field standard of use for 

testing of measuring systems

• Valid for: 

• Refined hydrocarbons

• LPG

• Approval granted by LNE (Laboratorie National 

De Metrologie Et D’Essaia 11 March 2019
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Netherland Uncertainty Declaration for 10” Field Standard Meter

• Conclusion:

• The expanded uncertainty of the 

flowmeter for measuring the quantity of 

mass flow is 0.064% (bidirectional use) 

and 0.059% (unidirectional use) with a 

coverage factor k=2 (confidence level of 

95%).

• Approval for use as a field standard of 

use for testing of measuring systems

• NMi Certain BV, 24 March 2020
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France

LPG Field Standard Meter Hydrocarbon  Field Standard Meter
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France
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Liquefied Petroleum Gas Meter Proving

Meters used to test Liquefied 

Petroleum Gas  truck mounted 

delivery system.

Slovenia

Turkey
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Trailer Mounted Meter Systems 

4” Coriolis Pascagoula MS

10” Coriolis South Africa

3” Coriolis Turkey
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Cuba – mobile master meter
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Mobile Calibration System in Vietnam
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Liquefied Natural Gas Master Meter in Germany

Liquefied Natural Gas Master Meter in Germany Liquefied Petroleum Gas Master Meter in Slovenia.
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Denmark Marketing Terminal – Ship Loading

Application: 

• 9 Custody Transfer MID 0.5 approved systems with 
Coriolis 12” 

• 1 Coriolis- 12” Master Meter MID approved on 
portable trailer 

• Fluid: Gasoil, Heavy & Mid Bunker Fuel Oil  
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Denmark Marketing Terminal – 12” Duty Meter and 12” Master Meter
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Denmark Marketing Terminal – 12” Duty Meter and “ Master Meter

• Calibration certificate for the duty meter 
for MID 0.5 application 

• Certificate of conformity  

• Calibration certificate from accredited 
laboratory using oil calibration rig with 
bi-directional ball prover 

• Yearly verification certificate against 
accredited water calibration rig 
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Mass Flow Meter - Master Meter / Field Standard Meter 

• Traceable, accurate and repeatable

• Traceable water calibration and verification of mass meter is transferrable to the field

• Suitable for mass and volume proving (P or T compensation for volume proving to standard conditions)

• Reliable

• Faster, easier, efficient proving compared to using scales or volume provers or displacement provers – easy to 

automate

• No mechanical wear, no rotating parts 

• Compact, frame mounted for easy transport 

• On-board electronic verification system ensures ongoing performance between traceable re-verifications 

• Field Standard Meters are approved for use worldwide to place into service and test metering systems 

in contractual and legal for trade applications

• Adoption of LPG-15.1 and MFM 15.1 will lead to broader use in the US and in the future possibly 

Canada.
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