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§ Design of metering stations
▸ Station design varies greatly
▸ One or two meters in series
▸ Replacing existing installation or green field projects
▸ Clean gas, custody transfer

§ Benefits of ultrasonic measurement technology
▸ High turn down & no pressure drop
▸ Diagnostics

§ Best practice in Germany
▸ Common requirements for USM series connection established
▸ Described by PTB (TR-G 18)
▸ Benefits of series connection of two ultrasonic meters

MOTIVATION
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§ Short overview and classification

LEGAL ASPECTS

EU directives
MID

OIML recommendations
OIML R137-1

National law
MessEG

National regulations &
instructions

Best practice
Guidelines .. PTB TR-G

Standards
ISO, EN
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§ Metering line design & recalibration

LEGAL ASPECTS

EU Type approval

National regulations

Meter design

Series installation

Conformity

Verification limits

Recalibration

Piping
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§ Best practice examples in high volume gas metering applications
▸ Network operators
▸ Operators of gas terminals

METERING LINE DESIGN



§ Two USM in series, no flow conditioner
Size: 16” / DN400

Example: Replacement of Turbine meter – USM installation with USM – USM
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TYPICAL INSTALLATIONS
METERING LINE DESIGN

20D USM2 3DUSM1 10D



§ Two USM in Back 2 Back configuration, no flow conditioner
Size: 20” / DN500

▸ Full bore meter design
▸ Identical inlet and outlet diameter

Example: Replacement of orifice meter run in a gas terminal
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TYPICAL INSTALLATIONS
METERING LINE DESIGN

30D USM1 – USM2 3D
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§ Standard requirements single meter calibration
▸ Meters calibrated individually with calibration lab piping

― Inner diameter may differ up to 3%

▸ Adjustment by constant factor or polynomial correction
▸ Meter calibrated with lowest possible “as left” error

§ Requirements series meter installation
▸ Two meters reacting differently to flow disturbance
▸ Both meters calibrated with customer piping
▸ Calibration at the same lab
▸ whole skid at the same time
▸ Increased number of test points
▸ Adjustment by constant factor or polynomial correction
▸ Meter run calibrated with lowest possible “as left” difference

ACC. TR-G 18
CALIBRATION & DESIGN

Customer
specification
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§ Commissioning
▸ Initial fingerprint of both meters

▸ Initial meter readings and SOS ratio
― Applying  PTB guideline TR-G 18

COMMISSIONING

VOG

SOS

AGC
SNR

VOG ratio

USM diagnostics

Standardized report

Automated creation

Stored in Database
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§ Steps to prolong the re-calibration period

▸ Annual check of meters difference
(Vn = base condition (GermanJ))
― Continuous comparison
― Typ. Deviation < 0.5%

▸ Annual diagnostic comparison
― SOS difference to theoretical value

▸ Approval by Bureau of measures & weight
“Eichamt”
― Approval for another year

ACCORDING TR-G 18
VERIFICATION
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§ Additional considerations by TR-G 18
▸ Use different transducer frequency to have different noise sensitivity
▸ Track SOS difference of each path to average (>0.3% deviation allowed)
▸ Compare avg. SOS to theoretical value

§ Additional recommendations by manufacturer
▸ Set meters to different measurement ratesà detection of pulsation
▸ Make use of diagnostic comparison:

― Annual fingerprint recording
― AGC, SNR
― Turbulence, path ration and symmetry
― Trend analysis

RECOMMENDATION
VERIFICATION
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§ Example of two metering stations
▸ Each station with two metering lines 16-inch
▸ USM of two vendors
▸ Allowed differences: +/- 0.5%

▸ Station design

CUSTOMER A: METERING STATION
PRACTICAL RESULTS

MainCheck 3D10D3D20D

Stream 1

Stream 2
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§ Station 1 - Monthly data
▸ Difference between base volume of Main and Check meter

▸ Both streams perform well within +/- 0.10 % difference in measurement

CUSTOMER A: METERING STATION
PRACTICAL RESULTS

Stream 1

Stream 2

One month
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§ Station 2 - Monthly data
▸ Difference between base volume of Main and Check meter

▸ Stream 1 performs within +/- 0.15% difference in measurement
▸ Stream 2 performs within +/- 0.10% difference in measurement

CUSTOMER A: METERING STATION
PRACTICAL RESULTS

Stream 1

Stream 2
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§ Metering line
▸ Replacement of existing turbine meter installation
▸ USM of same brand

Allowed difference: +/-0.5%

▸ Meter 1
― 8-path meter
― 200 kHz transducer type

▸ Meter 2
― 4-path meter
― 300 kHz transducer type

§ Calibration
▸ In one piece

CUSTOMER B: POWER PLANT
PRACTICAL RESULTS

Scale not matching
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§ Hourly comparison over four month
▸ USM2 (Main) – USM1 (Check)

§ Metering line within observation limits

CUSTOMER B: POWER PLANT
PRACTICAL RESULTS
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§ Trend over 4 month

CUSTOMER B: POWER PLANT
PRACTICAL RESULTS
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§ SOS difference per meter to theoretical value and per path to avg.

§ Trend data sets currently missing

CUSTOMER B: POWER PLANT
PRACTICAL RESULTS
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§ Permanent series connection of two Ultrasonic meters

▸ Accepted method by operators in Germany (TR-G 18)

▸ Operators use tighter specifications in terms of design & calibration

▸ Proven and accepted method to extend the recalibration cycle

▸ Effective to observe the performance of the two USM

▸ Effective to identify possible issues in the metering line

▸ Method to detect long-term drifts / changes

▸ Operators apply tighter observation limits as requested

CONCLUSIONS
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§ General Recommendation
▸ Calibration of the complete metering run
▸ Use of Diagnostics in addition to SOS and Volume comparison

― AGC, Path ratios, Turbulence etc.
― Audit trail: Maintenance reports

▸ Make use of finger prints & trend analysis
― Comissioning fingerprint
― Actual comparison

▸ Define the allowed difference appropriately to the line size
― Distinguish between small and large sizes
― E.g. 4-inch = 0.5%  vs. 24-inch = 0.4%

CONCLUSIONS
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§ Ultrasonic meters in series connection for fiscal measurements

▸ Is a proven way to extend anually the recalibration period
àPotentially unlimited calibration period

▸ Diagnostic allows detection of pulsations by using variable measuring
rates

▸ Use of different US frequencies provide different noise sensitivity

§ We encourage operators to use the two meter in series concept
and share experience with the community

SUMMARY & OUTLOOK
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