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Agenda

- Introduksjon til K-lab

- TESMA

- Overvakning av ultralydmdlere pa gass
- Usikkerhet i beregnet lydhastighet

- Oppsummering

g

equinor %:

‘y

:;‘5
1 !‘ f'; .
. I,E\, g

n -
T,
a T

v e B —
T A W~ 2 vy
AT [
- — e — . 1A
Vim? o —
| =N

Ty

‘‘‘‘‘

2|

Open



TR - -

——

1 1I>H1Hl'num

3 | Teknologiutvikling
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K-lab VGl flerfase flowloop

313-JA-001
X Gas

’_' Gas density meters . .
metering station
| il > X [O0]

313-KA-101
Compressor

Gass/vaeske
separasjon
Enfase
mdlestasjoner
Olje/vann
R 331-VG-002 ’ Flerfase
> Guard separasjon -
Separator testsekSJOﬂ
oil Watercut
N~ metering station meter
331-VG-001 o —
10 m® tank = L
331-VG-005
331-PC-001 5 m? tank
Liquid A 4
Pump
Water ) Devide Under
meter%itatlon Test
| A4
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TESMA: K-lab Test Management system equlnor’.’

Live termodynamiske og mdletekniske beregninger
PVT engines

P 7 F1eld N et O A Microsoft Azure
oython = . i|| GitHub

Brukergrensesnitt/ Versjonskontroll 1 sekund oppl@sning
L|ve rammeverk

|<0”<U|O'SJ0ﬂer 38 000 resultater per sekund

9000 tag lagres i P
I l AVEVA™ P| Vision™

[ RSN

Méledata fra DataHub Tidsseriedatabase og
ulike kilder visualisering

Open



g

equinor %:

‘Y

Overvadkning av ultralydmadler

Flash
Temperatur beregning

Krohne Altosonic V12

Sammenligning mot andre

mdleprinsipp (flow orifice i
VG, venturii SST)

Trykk AGA8 I TSOS
(GERG-2008)

Gass
komposisjon

Channel
reliability

Sammenligning

MSOS / TSOS (%) ‘ ,
Micro Motion GDM path 1-6 + avg Msos [ Velocity

*path 1-6 + avg ’
[ SOS fingerprint
(ISO 17089-1)

TSOS: Theoretical Speed of Sound
MSOS: Measured Speed of Sound

Sammenligning

SOS from peqs / MSOS (%)

71 Pictures with permission from Krohne and Micro Motion Open
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AVEVA™ Pl Vision™ © New Dispiay | m | staton-nemchHAc | @

A KLAB Home S Symbolbeskrivelse @@ Linker

kg VGIl - Krohne ALTOSONIC V12 8" Ultrasonic flowmeter Liquid drop-out in USM (PVT) P6
0.00000 %
63.31 - . P5
54.45 s Comparing measured and calculated SOS
|| | 'i—- o Calculated (AGAS: GERG-2008) 392.02 mis i
m— - Measured (Altosonic V12) 392.33 mis -
| - - i .
e Difference (%) 0.08 = O
Difference adjusted (%) 0.01 © O -
Volume flowrate (uncorrected) 1,097.6 m Calculated from meas density (GDM) 392.83 mss P1
Volume flowrate (PT corrected) 1,099.8 m*m Difference (%) e o
Volume flowrate (linearized - final) 1.098.5 mm
Mass flowrate (linearized - final) 50,216.2 kgrh
Density (in use) 457 kgim® Meas SOS max-min difference (%) 0.14 % (@)
S0S fingerprint (IS0 17089-1)
Velocity 13.1 mis L A

L
02/11/2023 04:20:00 1.005

1.004 |

Meter status

Ch reliabilty [%] 1.003 |

Gain [dB] SOS[m/s]  Diff SOS [%]

Path 1 23 @ 297 @ 1“€2 @ 445
Path 2 324 @ 370 @ 466 @ 46.6

Path 3 271 @ 291 @ 514 @ 52.2 890 @ 392.53 0.13

@)
o
@}
Path 4 313 @ 295 @ 60 @ 460 @ 983 @ 392.36 0.09
o
@}

1.002

976 @ 391.98 -0.01
919 @ 392.30 0.07

0
Qverall reliability

Alarm: All OK

1.001 |

97.9 %

Pressure correction 0.00 =%
Temperature correction  0.21 %
Linearization 0.12 %

Path 5 293 @ 314 @ 158 Q 467 865 @ 39223 0.05

Path 6 312 @ 302 @ 290 @ 49.2

\

Invalid Float

Comparing massflow between USM and orifice
*Only calculated when 0177 and 0049 is closed

© 00000

87 @ 392.44 0.11

[ Live data I Calibration data j

02/11/2023 03:20:00 A - 1h | = [ Now | 02/11/2023 04:20:00
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Eksempel: Baner faller ut pa lavt trykk og haye hastigheter equinor

AVEVA™ Pl Vision™ © New Display | m | staton-nemchHAc | @
© i s S
|

A KLAB Home S Symbolbeskrivelse @@ Linker

kg VGIl - Krohne ALTOSONIC V12 8" Ultrasonic flowmeter Liquid drop-out in USM (PVT) P6
0.00391% @
30.75 . ’ I
26.42 s Comparing measured and calculated SOS P35 |
" P4
|| | e 'i—- o || Calculated (AGAS: GERG-2008) 392.03
pY + . -
m— - g Measured (Altosonic V12) 391.68 mis -
|| - | | i o0 ~ ag,
= Difference (%) 0.09% (@)
Difference adjusted (%) -0.16% (@) Py
Volume flowrate (uncorrected) 25142 ,_II""' Calculated from meas density (GDM) 392.05 mis P1
Volume flowrate (PT corrected) 2.515.0 P WAL Difference (%) 009 % (@)
Volume flowrate (lingarized - final) 2517 e 1
Mass flowrate (linearized - final) 57,406.8 -
Density (in use) 299 / Meas SOS max-min difference (%) 054% @
’ SOS fingerprint (IS0 17089-1)
Velocity 292 ! " . 1
12/12/2023 00:41:00 im 1211212023 00:44:00 1.005
1.004
SNR Gain [dB] Ch reliability [%] ~ SOS [m/s] Diff SOS [%] Meter status 1.003
215 Q 25 Q 550 @ 579 @ 194 @ 39168 000 @ Alarm: 2 Some paths failed - unreliable Q@ |'™
121 @ 16 @ 559 @ 565 @ 156 @ 391.91 003 @ Overall reliaility 27.0 @ |
1
20.0 16.8 61.0 63.8 96 292.04 0.00
. . O O . O Pressure correction -0.02 e
218 @Q 233 Q 564 @ 585 @ 697 Q 392,03 000 @ Temperature correction  0.05 e
2000 10z @ ssa @ es0z Q 203 Q 389.92 054 Q LI R Wi 0.007
0,898
Comparing massflow between USM and orifice -0.19
64 @ 1z @ 579 @ 579 @ 30 @ 392.02 000 @ * .- : 0085 ' —
Only calculated when 0177 and 0049 is closed I Live data B Calibration data

12/12/2023 09:41:00 A - 3m | = [ Now | 12/12/2023 09:44:00



1ISO 17089-1

Measurement of fluid flow in closed conduits — Ultrasonic meters for gas

“The MSOS to TSOS comparison is acceptable when the
differences are <0,25 %» (<120 bar og -8 til 62°C)"

1. Hva er usikkerheteniberegnet lydhastighet?
2. Erkravet redlistisk & oppna for alle typer gasser?

equinor

Table 6 — Relational diagnostic diagram

‘Y

-

g

. Per path
R.e latlone.ll Signal Automatic Flow Standard
diagnostic Acceptance | gain control S/N MSO0S velocity | Deviation
Transducer failure x x — x x x
Detection problems % X X x x x
Ultrasonic noise x x % — _ _
—_— x x —_ J—

Process conditions pressure

Process conditions temper-
ature

Fouling

Changes in the flow profile

High velocity

X

Usikkerhet i beregnet lydhastighet

Usikkerhet i malt trykk
og temperatur (GC)

Usikkerhet i komposisjon

Usikkerhet i modell/ligning

AGA8
(DETAIL eller GERG-2008)

ISO 17089-1:2019, side 50

AGAS8: «the uncertainties in density and speed of
sound are generally within O.1 % or less”

10 |

Open



-

equinor %:

‘Y

Usikkerhet i kalkulert lydhastighet fra usikkerhet i trykk, temperatur og komposition
Estimert usikkerhet basert p& Monte Carlo (trykk, temperatur og komposisjon) for hhv salgsgass og rikgass

A Trykk

—_—

A Temp

—_—

A Mol % C1
_—

A Mol % C2

_—

OoSsV...

2
N
O
—
O
Q
£
Q
)
i3
=z
>~
-
)
et

SOS

Monte Carlo results: Distribution of Speed of Sound at 60.0bara and 80.0°C for rich gas and sales gas

500 A

400 4

300 ~

Count

200 4

100 4

N Sales gas 500 o mm Rich gas

)
|
3
S
451 452 453 454 455 456 457 391 392 393 394 395 396 397
Speed of Sound [m/s] Speed of Sound [m/s]
Mean [m/s] 454.0 Mean [m/s] 394.0
20 [m/s] 0.17 20 [m/s] 2.16
20 [%] 0.04 20 [%)] 0.55

Estimert usikkerhet fra Monte Carlo oppgitt som 2 standardavvik (o), 95 % konfidensintervalll

Open



Usikkerhet i modell? (AGAS8: DETAIL og GERG-2008)
Sammenligning av beregnet og malt lydhastighet for kjente gasser equinor

R 4
“W

Gas ID: 5 Gas ID: 32
Mole Percentage Mole Percentage
@ 100 C1 81.216 @ 100 C1 96.561
g e DETAIL N2 17.103 g e DETAIL N2 0.262
GERG-2008 GERG-2008
' 0754 o coz 0.493 U o coz 0.597
9 C2 1.05 9 C2 1.829
= C3 0.039 = C3 0.41
g 0501 nCa 0.007 g 0.501 nCa 0.098
g ica 0.009 g ica 0.098
m‘ 0.25 === ————————— nC5 0.006 m‘ 0.25 === ————————— nC5 0.032
T o ics 0.002 o ics 0.046
«1@rrgass» / @ 8 o g 0 N6 0.003 @ 000 N6 0.067
T 20 8 g § 8 nc7 0.001 © 000 B @igols 89 9588 P8S g %g% nc7 0.0
«salgsgass» M S 5o 5 : S 5o
O —0.25 fm—mm e o nco 0.0 O —0.25 F=—mm e nco 0.0
< ncio 0.0 < ncio 0.0
(=] (=]
S 504 H2 0.0 S 504 H2 0.0
— (7] 0.0 — (7] 0.0
g co 0.0 g co 0.0
E =0.75 1 H20 0.0 E =0.75 4 H20 0.0
" H25 0.0 " H25 0.0
2 —1.00 1 : : ‘ : . : He 0.07 Q -1004 ‘ : : . . He 0.0
0 10 20 30 40 50 60 Ar 0.0 0 20 40 60 80 100 Ar 0.0
Pressure [bara] Pressure [bara]
Gas ID: 11 Gas ID: 35
Mole Percentage Mole Percentage
& 100 [ 50.086 & 100 [ 74,348
g e DETAIL 8 i N2 7.909 g e DETAIL N2 0.537
| GERG-2008 8 Cco2 3.53 | GERG-2008 ] Co2 1.028
w0754 3 8 w0754
Q 1 g 8 8 g . C2 3.819 Q ° C2 12.005
= £ T c3 3.039 = o c3 8.251
o 0501 g 8 o nca 0.902 @ 0.501 8 nca 3.026
£ ic& 0.435 £ * o ic& 0.0
m‘ 0.25 +———— e e nc5 0.127 m‘ 0.25 +———— e -'———— —————— nc5 0.575
Q iC5 0.125 Q o , iC5 0.0
‘ . nC6 0.026 . 1 o @ 2 nC6 0.23
L i L 1o L o 8 @
<<legCISS>> 5 0.00 7 0.0 T 0001 ‘ReP of of 88&°P°Y g oo o o0 nc7 0.0
- ncs 0.0 - ncs 0.0
O —0.25 ft————— nco 0.0 O —0.25 t————— nco 0.0
£ ncio 0.0 £ ncio 0.0
o o
S o504 HZ 0.0 S o504 HZ 0.0
— 02 0.0 — 02 0.0
g co 0.0 g co 0.0
E —0.75 1 HZO 0.0 E —0.75 1 HZO 0.0
s H2S 0.0 s H2S 0.0
Q -1.00 ; . ‘ . . . He 0.0 Q 1004 . ; . . . He 0.0
0 10 20 30 40 50 60 Ar 0.0 0 20 40 60 80 100 Ar 0.0
Pressure [bara] Pressure [bara]

12 | Open



Usikkerhet i beregnet lydhastighet vil variere med gass

* Forrikgass vil et avvik pd f.eks. 0.4 % kunne vcere normalt
* Hvis dette avviket dropper til O %, kan det betyr at noe er gale
* Lesning: Justeringsfaktor for avvik i lydhastighet

AVEVA™ Pl Vision™

#A KLAB Home

VGII - Krohne ALTOSONIC V12 8" Ultrasonic flowmeter

Symbolbes|

@0 Linker v

Liquid drop-out in USM (PVT)

000000% Q)
61.34 ¢ .
. Comparing measured and calculated SOS
12258000 @
| | | '- B || Calculated (AGAS: GERG-2008) 402.15 s
= " . Measured (Altosonic V12) 400 .54 mis
|| - - [ Difference (%) -0.40 ¢ o
0 10 20 20
Difference adjusted (%) 000 - (@)
Volume flowrate (uncorrected) 1,106.9 m*in ,r'»“ﬂ“‘ Calculated from meas density (GDM) 401.66 mis
L3 h|
Volume flowrate (PT corrected) 1,109.4 ¢ | T Difference (%) 0.28 % .
Volume flowrate (linearized - final) 1,108.0 m*m f
Mass flowrate (linearized - final) 126,015.8 |
Ty (i) 137k [ Meas SOS max-min diference (%) 01ax @
Velocity 131 mis e e A
06/11/2023 08:30:00 10m 06/11/2023 08:40:00
SNR Gain [dB] Ch reliability [%]  SOS[m/s]  DIff SOS [%] Meter status
Path 1 19 @ w08 @ 71 Q W@ 23 @ 400.18 049 @ Alarm: 0 All OK (@]
Path 2 385 Q 11 @ 100 @ 00 Q@ 917 @ 400 59 03 @ Overall reliability 973% @
Path 3 36.0 378 45.0 45.0 948 400.75 -0.35
. . . . . . Pressure correction
Patn 4 w1 @ 415 Q 393 @ 293 @ 923 @ 4058 039 Q@ Temperature correction
Path 5 wo @ 35 @ 337 @ 97 @ 92 @ 40033 04 Q@ <7 ST
Comparing massflow between USM and orifice  Invalid Float %
Path & 108 380 425 425 992 40074 -035
o o o ®) o o “Only calculated when 0177 and 0049 is closed

06/11/2023 09:30.00

P3

© NewDisplay | m | smatonnenchnac | @

P2

SOS fingerprint (ISO 17089-1)

1.005 |

1.004

1.003

1.002

1.001 |

D8

0.688

0.007

0.006 -

0.685

& Live data

I Calibration data

06/11/2023 09:40:00
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equinor -
Eksempel: Avvik i lydhastgihet pa rikgass
September 2020 (fer vi hadde TESMA)
- Rikgass Utklipp fra gammelt system (AspenTech)
 Trykk: 130 barg SOS dev [%]
- Temperatur 36 °C
- Stabilt avvik p& -0.9 % mellom mdélt og beregnet
lydhastighet
- | forbindelse med justering av flow, endret avvik i lydhastig |
seg fra-09 % til 0.1 % ot e
) Normal drift Hydrat i impulslinje
Arsak: SOS SOS
- Feilutkobling av varmekabel pé tubing til trykktransmitter i Meas 403.6 Meas 408.4
forbindelse med en annen jobb Calc (GERG) 407.3 Calc (GERG) 407.9
. Forte til hydrater i tubing til trykktransmitter Dev [ 093 Dev %] 312

Open
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Oppsummering

Ta vare pd data fra ultralydmdlere og bruk dataene best mulig

Ulike problemstillinger vil pdvirke ulike parametere i mdlerne

Usikkerhet i beregnet lydhastighet vil variere med gasskomposisjon

Noter ned avvik under normale betingelser. Avvik fra dette kan bety at noe er gale

Calculated (AGAS: GERG-2008) 402.15 mis

IMeasur ed (Altosonic V12) 400.54 m/s P3

Difference (%) 040 % (@]

Difierence adjusted (%) 0.00 =% L =
Calculated from meas density (GDM) 401.66 mis P1 6

Difference (%) 028 @

Liquid drop-out in USM (PVT) P6
- 0.00000% Q)
L8 B :
. - ~ Comparing measured and calculated SOS P5 ;
o =Y N\ -4
OGP g P4
S R 4
A
Y % N
s

sssss

Meas SOS max-min difference (%) oz @

SOS fingerprint (IS0 17089-1)

15 | Open
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