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moduction Gasunie: The Dutch (GTS) and German (GUD) network

National TSO statutory task
NEtWOI‘k natural gas and (Gas Act) for network management:

green gas 2030 Gas measurement accounting system

_ D -y — « Measures volume, energy and gas
Volume in 2025: 2200 bcf gas or 675 TWh composition for invoicing purposes
Length NG transport grid: 9300 mi

Length H2 transport grid: 750 mi in 2030

Supply measurement data to the
market

Legend « Near real-time online

Natural gas capacity being replaced by
hydrogen capacity

2030

—=-  Network natural gas and green gas

Installation green gas

The quality of the measurement
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Routing & Processing of measuring data

GASPORT
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ﬂetering practices and goals

= Domestic Delivery stations > Comply Dutch Gas Act; Energy Uncertainty 1%
= Border stations - Comply ENTSOG (2015/703); Energy Uncertainty 0.75%
» Pursuit of zero systematic error by CUSUM technique (ISO 7870)

» Physical gas balance close to zero

Data handling (Daily/weekly)

Verification/check Flnal approval
Comparison of Main i I 1
Comparisc Second 100K Metrological confirmation
Comparison of Fiscal data delivery T
MeasF:.lred ) to the market Periodical chec,ks ,

lculated SOS on-site of all P's, T's
Calculated S Hourly values of E, |3nd GC’s Ultrasonic
Correction V, Hs CUSUM dgar%rr]]?esticrs
Approve Periodical p_ .
Automatic alarming calibration of gas | Historical data

meters
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Focus on cross-border stations with USM pay meter
(and optional check meter USM or Turbine)

= 2016-2020: Gasunie & DNV piloted SonicView in Excel
= First insights in continuous data with trends and full history
= Quickly overloaded after a few years of 15min data for several stations was available

= 2020-current: DNV MECADA for USM
= Cloud platform for continuous data

= Gasunie USM recalibration intervals have been extended from 5 to 8 years, under the
condition that the diagnostics of the US-meters are closely monitored

= With the older USM (>20 years), monitoring the US diagnostics is helpful to maximize
the operational lifetime in a prudent way
= Early servicing or removal of USM when showing issues

Gasunie & DNV
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Case studies with DNV
MECADA cloud platform

CEESI USM Conference San Antonlo 09 June 2026

Lennart van Luijk — Principal Flow Metering Specialist & Data Scientist
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DNV'’s approach to USM performance management

« DNV is a truly independent 3™ party, not associated with any vendor
» Decades of Flow Metering field & lab experience (2 decades myself, wider team has more)

 Cloud based platform MECADA for continuous updates, supports all brands and types of USM

» 3-monthly sessions for analysis of meters performance, either quick or in-depth

* Proven long term flow metering expertise, field experience and lab testing of disturbances
(liquids in flow, acoustic valve noise, blocked flow conditioners, pulsations, etc)

» Possibilities for follow-up
» Consultancy to remediate issues
» Recalculation advice
« Full station audit, physical or remotely
» Mediation between parties

7 DNV © 09 JUNE 2026
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Speed of Sound online comparison and GC tracking

Q % Gas Composition - High Range i

> Speed of Sound comparison - Measured vs. Calculated i 2
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Main vs. Backup:
Speed of sound

« Comparison of two meters, per path
* Two meter heads on 1 body
» Two separate meters: pay / check

» Speed of sound should not differ, in
case of equal P & T.

» Comparison of:
* Mean value (by meter)
* Mean value (by DNV)
* Per-path value

» And previous chart: mean (meter) vs.
calculated

9 DNV© 09 JUNE 2026
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Mean (client)

Main/Backup comparison: Speed of Sound (averages)

Mean Other (client) Mean (DNV) Mean Other (DNV)

Date: 19-04-2026

\ Mean (client): 398.74
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Mean (DNV): 398.663
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Main vs. Backup:
Velocity of gas

Comparison of two meters, per path
* Two meter heads on 1 body
» Two separate meters: pay / check

* Velocity of gas mean should not differ

No difference per path in case of
same meter types

Consistent difference in case of
different meter types

Comparison of:
* Mean value (by meter)
* Per-path value

10 DNV© 09 JUNE 2026

> Main/Backup comparison: Velocity of Gas (averages) i

Mean  Mean Other
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> Main/Backup comparison: Velocity of Gas 7

Path 2 Path 5 Mean

b

\ A n &
N <\<\ N X 2 &

N Y’ K WV (o )
v A 3O A

a0 )




Case Study 1: 5-Path Meter with Path 5 failure

» A 5 path meter develops issues on path 5 starting in May 2019
» Meter fails due to defective paths 4 and 5 early 2021

3 Number of Valid Measurements 1 Q
 Early warning August 2019 _ -~
Path 1 Path 2 Path 3 Path 4 Path 5
° In fleld Sewlce - A ==, i R .__1:.".-?21-__'.'_'.;'?:",.'{,._:.—_..'J == .-”.:',"_-_"'L}:‘ &
@ L
TN, - W,
« Spare meter ready J ’ ;
» Limited downtime : <
]
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Case Study 2: Main / Backup meters and a very long
thermowell

» Pay & Check meters in series, should measure the same on each path (same meter type)
» Online comparison of main / backup shows average flow rate difference of up to 0.5%

* Per path up to 5% difference (see chart)

> Main/Backup comparison: Velocity of Gas 1 0O Q

* Field check of installation

 Very long thermowells found, inserted
to 70% of diameter (instead of 30%)

* Replaced thermowells by correct length

* Online comparison returned to normal
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Case Study 3a: SoS comparison indicates meter error

3, Speed of Sound comparison - Measured vs. Calculated 1 T Q
;e;su.r

aod 505  Calculated 505 Reported average So5

e Data from 2 meters shows measured SoS has

the same pattern as the calculated SoS M
» Meter 1 Offset present of 3m/s == 9.8 ft/sec at "

about 385m/s SoS == 1263 ft/sec, or about 0.8% =~

consistently.

 Meter 2 smaller offset;: about 0.3%

e Pattern of SoS is the same. so no random noise Speed of Sound comparison: Difference between Measuredvs. i Q.
_ ’ _ _ S Caleulated SoS
in the meter, but software or calibration related Q

Percentage of difference Upperiimit  Lower limit

* Meters were taken out and recalibrated, with ' '
0.3 MMW“‘NW

FWME (Flow Weighted Mean Error) of:
 Meter 1 had calibration FWME of +1.66%
* Meter 2 had calibration FWME of +0.66%
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Case Study 3b: SoS paths ratio indicates meter error

* Variation paths 1-6 SoS for Meter 1: up to 1.4 m/s (0.4%) == 4.6 ft/sec
* Variation paths 1-6 SoS for Meter 2: up to 4.0 m/s (1.0%) == 13.1 ft/sec
* ISO 17089-1:2019 section 8.7.1: Alarm when >0.3% which is 1.15 m/s == 3.8 ft/sec

. Good (<0.2%) > Speed of Sound ¢ 1 Q
< 2.5ft/sec - = o e e

Path 1 Path2 Path3 Path4 PathS Pathé

« Warning 388 N
< 4 ft/sec . M

* Alarm (>0.3%) m
> 4 ft/sec
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Case Study 4a: Malfunctions on path 5 sensor pair

» 5-Path meter where several charts show issues on path 5, not flow related

* Velocity of gas per path: Path 5 is off for at least last 6 months

<3 Velocity of Gas 7 t Q

Path 1 Path2 Path3 Path4 Path5

0.8 H
0.6
0.4
0.2

0.0

0.2
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Case Study 4b: Malfunctions on path 5 sensor pair

» Performance percentage dropping since October

as well: increasing amount of issues

* AGC Levels also higher than the other paths 1-4.

 History: issues started April-2019 but meter now

degrading further (end of 2025)

Speed of Sound 7

Path2 Path3 Path4 Path5

Date: 24-04-2019
Path 1: 405.01
Path 2: 405.08

W Path 4: 404.93
Path 5: 406.28

g a
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3 Performance Percentage 1
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> AGC Levels Up (00) «

Path 1 Path2 Path3 Path4 Path5
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Case Study 4c: Malfunctions on path 5 sensor pair

 Latest data: AGC Levels trending higher since start of 2026

<> AGC Levels Up (00) T Q

Path 1 Path 2 Path 3 Path 4 Path 5
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Key takeaways

» Long term trending of performance to detect slow degradation as well

» Continuous data is essential, because sample checks of ‘traffic light’ values only show an instant

» Checks during zero-flow situations have limited usefulness (AGC, SNR, not much more)
« Gas is not homogeneous in the line, i.e. top temperature may be higher than bottom, etc.

» Historical charts show behaviour over time,
reveal hickups, and periods of interest

« Comparison of values for different brands
of meters has advantages, because you're
comparing independent measurements
(different path configurations)
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MECADA Source: Simulated dataset for demonstration purposes | Home|| Assets | Workspaces | Views | support | B | O | (o
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Curious? Let’s have a chat!

Robert Kruithof (Gasunie) — Metering Specialist *:
Lennart van Luijk (DNV) — Principal Flow Metering S':_p:ecialist & Data Scientist

Email: and

www.dnv.com
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