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Challenges with calibration and adjustment of liquid USM`s

• The challenge is mainly related to systems which is designed without a 
permanent proving device and the fact that calibration stations are not capable
of reproducing the relevant flow rates. To compensate for this testing with
various Re No (various liquids) are used to create a concept of dynamic
similitude. 

• Upstream pipe configuration and conditioning device should be as in the field. 

• Normal way forward during testing: Testing of meter without correction –
Develop an algorithm to correct for viscous effects – Retest the meter to validate
the performance with correction. 

• The documentation of the correction algorithms and the precise definition of
the look up tables is important. It is for NPD/Oil company/Vendor important that
this baseline is correctly established and maintained at this level for the life of
the meter. Each vendor has a vendor specific way to derive the corrections. Also
confidentiality issues may be on the table.

• The look up table should have a resolution which makes error related to this less 
than 0,0X% of measured volume (in the measuring range).

• All meters for important services will require individual calibrations.
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Challenges with calibration and adjustment of liquid 
USM`s

• A «check sum» follow up to keep track of any changes being done after
calibration has taken place. We had the opportunity to test it in week 10. It did
not work, the «check sum» was changed and no answers were available. 
Investigation ongoing. 

• It is not so that the «Check sum» always will have to be the same, but any
changes will have to be well documented.

• We do have to bear in mind that we alwayswill increase the uncertainty of the
measurement system when we design a system without a premanent proving
device. A laboratory calibration will never be able to reproduce the actual values
for P,T and flow conditions as you see in the field. A typical difference as we have 
experienced recently is between 0,3-0,4%. 

• Both pulse and digital signal transmission possibility should be available on the
meter. As this simplify the testing of the meter.

• A hollow plate (HP) + at least 5 D upstream is normally recommended as 
upstream configuration.     
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We do not like to look for anwers in obscure crystal
spheres
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We wish to be the Kings/Masters of the situation
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Norway. Standards for Gas USM`s

• Our main reference should alwaysbe the Norwegian Petroleum Directorate
Regulations relating to measurement of petroleum for fiscal purposes and for 
calculation ofCO2 tax. We would like to think of this as «Hakkespettboken» 
which we remember from Huey, Luey and Dewey. The book that could give
answer to all challenges. When it comes to Gas USM`s we will have to seek
information also from other documents.

• First the new NORSOK-I-106, which was released in November 2014. It is also
just giving brief information about the subject (section 7.3). We have to go to 
the international statandardsto dive deeper. Reference is made to NPD 
Measurement Regulationspreface last paragraph. (Reckognized standards and 
Industry standards)        
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Who`s next
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Standards

• We wish to highlight some sections from BS 7965 (2013) as that is the newest
and the least known standard in Norway. We do , however, not say that NPD 
express any preferences, we just mention some interesting paragraphs.  
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Klassifisering av målere
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Classification of meters (ref table 2)

• 1) Custody transfer

• 2) Allocation

• 3) Utilities/Fuel gas

• 4) Process/flare gas

• We can consentrate on item 1 and 2. In BS it is included various notes on item 3 
and 4.

• We can see that BS uses a zero to limit the possibility to achieve a better result
by truncation of digits. 

• Also ISO differensiate between category 1 and 2 and the presenly ongoing NPD 
regulatury update should do the same.
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Thermowell installation and Insulation (5.4.5)

• Between 2D og 5D downstream of meter (as ISO)

• Intrusion depth on T-elements is mentioned. D/10 – D/6.67. 

• Isolation of pipes:

• «Where the insertion depth er larger than D/3,33 the meter run need not to be 
insulated. Where insertion depth is less than D/3,33 (or where surface mount
technology is used) then the meter run should be insulated from the meter inlet
until at least 1D downstream of the measurement point.»    
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Roughness in pipe criteria (5.4.2)

• Kr/D ≤ 10-4

• Kr = (pipe wall uniform roughness) is approximately equal to Ra* ¶). The 

requirement is very much the same as in ISO 5167 (2003) Annex B.  
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7.6.3 Shift between calibrations

• For meters larger than 4 inch, a typical tolerance of± 0,3% of FWME should be 
allowed between subsequent calibrations. For meters less than 4 inches the
allowable shift is 0,5% of FWME.   
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VOS checks at laboratorium calibrations (Normally
done)

• The maximum variation of the VOS between the different active paths (foot
print) shall not exceed 0,5 m/s.

• The maximum deviation of the VOS average (active paths only) measured by the
individual meter paths versus the VOS calculated by AGA 10 shall not exceed±
0,2 %.  

•Thank you for your attention!
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