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What can theoretically be measured with Flowsic100 ?

FLOWSIC100 EX/EX-RE
Measuring ranges
Gas veloaty 003 .+ 120 m/s

Measuring span 4000:1
Nominal pipe size

1-path measurement: 8 72"

depending on gas composition
2-path measurement: 12”727

Ex-approvals
IECEx

ATEX

NEC/CEC (US/CA)

INMETRO

Enclosure rating
ATEX zone 1 with terminal box
ATEX zone 1 without terminal box
Version for Ex zone 2
NEC/CEC (US/CA)
INMETRO

Dimensions (WxHxD)

Weight

depending on gas composition

ExdIICTa

optional: temperature class T6
N2GExdIICT4

Il 2G Ex de lIC T4

optional: temperature class T6
II3GExnAICTA Ge

Cll, dwvigroupB,C,DT4
Ex/AExdIIB + H2 T4

optional: temperature class T6
Cll, dw2groupA,B,C,DT4
Ex/AEx nA lIC T4

optional: temperature class T6

ExdIICT4
optional: temperature class T6

IP65

P65 / IP67

P65

Housing type B, IP65/87, single seal
P65 / IP67

Details, see dimensional drawings
<14 kg

FLOWSIC10Q Flare system

Measurands

Number of measuring paths
Mesasurement principle
Measuring medium
Repeatability

Resolution

Measurement uncertainty

Operational volumea flow
{1-path messurement):
Operational volume flow
{1-path measurement):
Operational volume flow
(2-path measuremeant):

Operational volume flow
Z-path measurament]:

Mazs fiow, velumetric flow at actual and standard conditions, molecular weight. gas volume

and mass. gas velocity, gas temperature, speed of sound
1.2

Ultrasonic transit time difference measuremeant
Hydrocarion mixture with or without H, content

0.2%at 2 10 mye

+10.001 mys

+1.5% to 5%

«of the measured value (in the range of 0.3 mys to the upper rangs valueg) *
+0.5%

of the measured value (in the range of 1 mys to the upper range valug) **
+ 1% to 3%

of the measured value (in the range of 0.3 my's to the upper rangs valug) *

Mass fiow
{1-path measurement):

+2.5% to 5%
of the measured value (in the range of 0.3 my/s to the upper range valug) +2

equinor

Mass flow
{2-path measurement):

Molecular weight:

Gas temperature
Standard:
High-temperature zona 1-
High-temperature zone 2:
Low temperature:

Operating pressure

Ambient temperature
Sensors, ignition group [IC T4:
Sanzors, ignition group [1C T4

Sensors. ignition group IIC TE:
Sensors, ignition group IIC TE:

Storage temperature

+ 2% to 4%

of the measured value (in the range of 0.2 m/s to the upper range valug) *2
= 2%

of the measured value (inarea 2 to 120 kg/kmol) *

* For fully developed flow profiles

2 After throughput calibration

2 Hydrocarbon mixture with non-hydrocarbon content < 10%

-TO °C .. +180 °C

-FO°C . +280 °C

-TD °C ... +280 °C

-106 °C ... +100 °C

not for FLOWSIC100 EX/EX-RE zone 1 / class |, division 1

-0.5 bar (g) to 18 bar (g)
FLOWSIC100 EX-5 90%: -0.5 bar g) to 10 bar (g)

-40 *C . +70 °C
-50 *C ... +70 °C
optional
-40 °C___ +55°C
-50 *C ... #565 °C
optional
-40 °C 70 °C
-50 *C . +70 °C
optional

K7 4
‘W
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Flare gas metering Gullfaks A

- Problems at high flow rates
- How does Fluenta FGM130 handle high flow rates on GFA ?
- How does Flowsic 100 handle high flow rates on GFA?

Let's have a look at Gullfaks A

4 | Flowsic 100, flare gas metering at high flow rates Internal 24 September 2020



-

equinor %

‘y

What can be measured with Flowsic100 on GFA?

APPLICATION RANGES

V.. of L-path and 2-path solutions dependent on Speed of Sound (SOS)

130

120

NN
o NN

0 \

60

Vinax [MV/8]

———

50

40
1 10 20 30 40 50 60 70 80

Nominal pipe size ["]

1-path SOS =340 m/s
2-path SOS =340 m/s

1-path SOS =450 m/s 1-path SOS = 650 m/s
2-pathS0S =450 m/s === 2.path SOS = 650 m/s
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Flare gas metering at Gullfaks A
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Flare gas metering at Gullfaks A

History:
« Fluenta FGM 130 in operation until 20.01.2018
« Flowsic 100 in operation from 01.02.2018

- Challenge HP flare:
Measure higher flow rates above approximately 60-70 m/s
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Fluenta HP flare gas meter 12th August 2017

« Fluenta FGM 130 falls out and holds last reliable measurement

« 2h 45 min hours flare. Deviation Elbow/Fluenta -1,29%, unit Sm3 (Fluenta lowest)

1,500
130,000
130,000

1,380 STk 1,002
104,000 Velocity Elbow m/s
104,000

Velocity Fluentam/s

1,260
78,000
78,000

Pressure e

1,140
52,000
52,000

1,020 R
26,000 AL

26,000

0,000

0,800
0,000
0,000

] ] M
2082017 15:41:12 12.08.2017 16:27:45 12.08.2017 17:14:19 12.08.2017 18:00:53 12.08.2017 184727 12.08.2017 19:34:00 12.08.2017 20:20:34

12082017 14:08:04 12.08.2017 14:54:38
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Fluenta HP flaregas meter 26th November 2017

« Fluenta FGM 130 falls out and holds last reliable measurement
- 55 min flare. Deviation Elbow/Fluenta 42,8%, unit Sm3 (Fluenta highest)

3
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1,700
150,000
150,000

1,540
120,000
120,000

1,330
90,000
90,000

1,220
60,000
60,000

1,060
30,000
30,000

0,900
0,000
0,000

[26.11.2017 13:12:01]

[26.11.2017 20:06:43]

Pressure \
W Velocity Fluentam/s
:
fv | [P
il @
Velocity Elbow m/s '; § —
26112017 19:02:16 2(;.11.20‘17 19:13:43 26.11.2017 19:25.09 26.11.2017 19:36:36 26.11.2017 19:48:03 26.11.2017 19:59:30 26.11.2017 20:1[‘}:56 26.11.2017 20:22:23 25112017 2003350

0,094

0,368

0,000
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Sick flare gas meter 17th June 2019

« Flowsic 100 after installation

- Sick philosophy: Meter goes to zero when ultrasonic pulses are not detected.
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How to correct for loss of ultrasonic signal?

- Flowsic 100 falls out at approx 60-70 m/s
« Correction done with:
+ Q;,.=C*VAP (m3/h)
Where:
Qe =Volum flow rate (m3/h)
C=Constant
A P=Pressure difference inside pipe to atmospheric

The constant Cis found when the flare gas meter works in ultrasonic modus
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Flowsic 100 versus FGM 130 in ultrasonic modus

When loss of ultrasonic signal:
FGM 130: Holds last approved signal

Flowsic 100: Signal goes to zero

Tip: When flaring. Always compare pressure curve with flow rate. Curves shall have the same shape

Equinor contacts Autek and ask for possible improvements for measuring high flow rates

12 | Flowsic 100, flare gas metering at high flow rates Internal 24 September 2020



g

equinor %

Update software in Flowsic 100 to be able to measure higher flow rates

Sick is testing a new technology called Active sound correlation, ASC (Also called Heavy noise algorithm)

- What is new?

- When ultrasonic signal is not strong enough to be picked up, new algorithm is activated
- Transducers start to listen for noise in the flare pipe

- There is a correlation between noise in the pipe and velocity of gas
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Test of noise algorithm in test loop

Type: FLOWSIC 100 Ex Re
Transducer: 200 kHz

Number of paths:1

Nominal pipe size: 6"

Path angle: 77:5°

Path length: 0.152 m

Internal diameter: 0.146 m
Calibrated: Yes

‘ 10 20 100 | 30

200

’
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Test of heavy noise algorithm in test loop

Performance test - Evaluation VOG - Flare 100 to Reference - 16.11.2018
Transducer 200 kHz Ex Re, 6 inch Flare XT 6 inch raw value
Referenz 16 inch
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Update software of Flowsic 100 to be able to measure higher flow rates

Gullfaks A upgraded software to include ASC algorithm in flowsic 100 meter.

- New software implemented 24 March 2019

- Found a fault in the algorithm the first time when flaring
m/s/db was not for the specific sensor that was installed on GFA

The fault was corrected
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Sick flare gas meter 27th May 2019

- Heavy noise algorithm activated

« 2h 30 min flare. Deviation Elbow/Flowsic 10,83%, unit Sm3 (flowsic 100 highest)

I?? 05.2019 19:00:01

27.05.2019 21:30 {I1|

R7 4
“W

equinor

3,000
420,000
150,000
150,000

2392
395 804

120,000f -

120,000

1,785
371,608
80,000
80,000

1177
347 413

60,000

0,570
323,217
30,000
30,000

0,038
265,021
0,000
0,000

SOS fixed = Noise algorithm activated

e L P,
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— e |
. |
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jl. %WIM
J —

l . Pressure
:

b

Flowsic m/s

Elbow meter m/s

o0

CE3 .85

27.05.2019 18:03:28

27052019 18:46:28 27052019 19:29:27 27.05.2019 20012:28
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Adjustments in flowsic 100 algorithm

- Adjustments in the noise algorithm performed 11 July 2019

- Sick has not used the elbow meter data for adjustment of heavy noise algorithm
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Sick flare gas meter 27th July 2019

Only ultrasonic measurement during flare period
2 h 15 min flare. Deviation Elbow/Flowsic -6,42%, unit Sm3 (Elbow highest)

[27.07. 2015 18:15.04] [27.07. 2019 20:30:20]

425,000 SOS variable = Normal ultrasonic measurement

I i E

ITE N N
L e i o SR ey B e i e B T e

— e e e . -
N e o Rt o S A T T B B i

1,140 -,'H:I At . 403,51
s My

FIowsuc m/s

Pressure

27.07.2019 174832 27.07.2018 181144 27.07.2019 18:33:56 27.07:2019 18:56:07 27.07.2019 19:18:18 27.07.2019 154001 27.07.2019 20:02:43 27.07.2019 20:24:54 27.07.2019 2004708
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Sick flare gas meter O4th August 2019

- Heavy noise algorithm activated
« 1h 36 min flare. Deviation Elbow/Flowsic 4,33%, unit Sm3 (Flowsic 100 highest)

[p4.08.2018 07-43:37] [c4.08.2015 09:19:10)

2682

445,953
134,085
134,.085{

e e e —.—_-._d—d—.—-—_-_—.._u_. - —— s e -

2141
356,850
107,
107,

SOS fixed = Noise algorithm activated

1,601 1,082

266,767
80,030
a0,

1,080
176,674

—— | 0,000

53,002 Elbow meter m/s Flowsic m/s

0,518
86,581
§§;§§‘ Pressure

4
398,085

=0,021
-3.512

-1,054

NS ENSssN NS NESSeSsSMESssSsSMESSsSssMNSSsssssNsssssssnsssed rsssssssssssstannnssee S EEE assnnnssasnnnnaiTusnnnnssannnnnnakie Sas SEETE R R ETES RS R R TS RSN REEEERE SEL SIS R R R EEE
04.08.2019 05:54:35 04.08.2019 072336 04.08.2019 0T:52:37 04.05.2019 08:21:39 04,03.2019 08:50:40 04.03.2019 09:19:41 04.08.201% 09:48:42 04.08.2019 10:17:43 04.08.2019 10:45:44
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Sick flare gas meter Olth September 2019

- Heavy noise algorithm activated
« 58 min flare. Deviation Elbow/Flowsic -1,46%, unit Sm3 (Elbow highest)

01.09.2019 02:06:01 01.09.2019 03:04 01|

1,500
450,000
123,468
123,458(

0,964

1,380
358,501
98,325
98,325

1,280 1,143

267,003
73,182
73.182

1,140
175,504
45,035
48,038

1,020
84,008

22,8951 1)

bt T I B :

7493 0 3 i " 1 H

224 it |k P Pressure

=2,248) " ; R
01.08.2018 02:02:12 01.08.2018 02:10:18 01.09.2018 02:18:20 01.09:2019 02:26:23 01.08.2019 02:24:26 01.09.2019 02:42:29 01092019 02:50:33 01.08.2018 02-58:38 01.09.2019 02:06:39
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Sick flare gas meter O6th September 2019

- Heavy noise algorithm activated
- 4 hflare. Deviation Elbow/Flowsic -6,34%, unit Sm3 (Elbow highest)

06.09.2019 10:29:47 06.09.2019 14:30:11
1,600 |
448177
123,242
123,242

| B / T o

Elbow meter m/s

1,460 b
357,678
98,099
58,059

1,320
266,179
72,955
72,955|

0,957

W

1,178
174,681
AT 812
4T.812

§ @D 0,000

Flowsic m/s

1,028
83,182
22,569
22,669

WWM

<IEIE 403,099

0,889
- 316
-2,474
2aTaleee

06.09.2019 09:28:31 06.09.2019 10:09:47 06.09.2019 10:51:03 06.09.2019 11:3219 06.09.2019 121335 06.09.2019 12:54:51 06.09.2019 13:36:07 06.09.2019 141723 06.09.2019 14:58:38

Pressure
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Sick flare gas meter 16th September 2019

- Heavy noise algorithm activated

« 2 hours flare. Deviation Elbow/Flowsic 4,05%, unit Sm3 (Flowsic 100 highest)

16.09.2019 02:15:02

-
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16.09.2015 ﬂ-!-:ﬂ‘:ﬁ'

[
R A —
L 11 -
W (T
\
-
fr——

<> T :

Frozen SOS = Noise algorithm activated

0,980

— ﬁ

Flowsic m/s

Pressure

382,02

1,108

16.09.2019 02:06:51 16.09.2019 022306 16.09.2019 023920

16.09.2019 02:55:35

16.09.2019 031149

16.09.2019 03:26:04

16.09.2019 034418

16.09.2019 04:00:33 ' 16.09.2019 04:16:48
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Sick flare gas meter 11th October 2019

- Heavy noise algorithm activated
- 3 hours flare. Deviation Elbow/Flowsic 11,6%. unit Sm3 (Flowsic 100 highest)

R7 4
“W
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2,500
405,000
150,000
150,000

2178

120,000
120,000

11.10.2015 03:36:59)

11.10.2015 06:35:07]

Frozen SOS = Noise algorithm activated \
I .
Flowsic m/s \
e i I NN 1 i S B P
Elbow meter m/s
i
'E
, b
} D Pressure 1
: : 1o '
' I i

ol
h
1
"
"
[
:
f
1

11.10.2019 03:07:41 11.10.2019 03:35:47 11.10.2019 04:03:52 11.10.2015 04:31:58 11.10.2019 05:00:03 11.10.2019 05:28:09

11.10.2019 05:56:14

11102019 08:24:20 11.10.201% 06:52:25

0,761

0,000

0,958

380,645
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Sick flare gas meter 12th July 2020

- Heavy noise algorithm activated
« 1 h 36 min flare. Deviation Elbow/Flowsic 6,7%, unit Sm3 (Elbow highest)

|12.07.2020 01:32:00] 112.07.2020 03.07:59

\ A \ . \/ -
90,000 - NN S SN N ) f ;

/0,000

w«rﬂﬁﬂjfwﬁ v
A ﬁ'\fa'”]"i]‘. \'UJ ! ‘j\“[\u‘{\‘ Y ‘b" '.“

M
1 A

2l i\ 0,984
0 .1’ rJ\ ‘ﬂ_,Af \ ’

Pressure \ ANAAKAAATTA A 0 ph |
k Jl“\\'u"u" l” J A KDY A N A :
w UL V "f UMY JAVAVTAY \'l\fxf \J Vi f'u-*\,} \1( \.J I.‘ﬂ\i‘"‘vh\jl\\_)v W

396,334

. e
20,000/
20,000 Wﬂ ‘
0931 i
307 431

12072020 011608 E— : 1267.202‘ 130,06 12.07.2020 01.45:06 12.07.2020 02.00:06 12.07.2020 02.15.06 12.07.2020 02.30.07 12.07.2020 024507 12.07.2020 03.00.07 12.07.2020 031507
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Uncertainties calculated by Norce

Sick ultrasonic modus:
Sm3: 6,78% (95% Confidence interval)
Mass: 7,23% (95% Confidence interval)

Sick ASC modus GFA:
Sm3:10,5% (95% Confidence interval) for speed 70-91 m/s

Elbow meter GFA:;
Mass: 11,8% (95% Confidence interval)
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Example 4 August, uncertainty from Norce report

L ——sICcK
70 R

Volum [Sm?]

04.08.2019 07:40:48 04.08.2019 07:55:12 04.08.2019 08:09:36 04.08.2019 08:24:00 04.08.2019 08:38:24 04.08.2019 08:52:48 04.08.2019 09:07:12
Tid (dd.mm.yyyy hh:mm:ss)

Figur 3 Eksempel for fakling 4. August 2019 der Heavy noise algoritmen er benyttet i fagrste del av perioden (oransje
heltrukken linje, usikkerhet tilsvarende 10 % markert med oransje stiplete linjer). Sammenliknet med volumstrgmningsrate

malt med albuemdler (bla heltrukken linje, usikkerhet tilsvarende 11,8 % markert med bla stiplete linjer). Ordineere madlinger
med ultralydsmalingen i slutten av perioden er vist i grgnt.
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ASC algorithm representativity

- The tests on Gullfaks A is not enough
- How will different diameters on flare pipe impact?
- Impact of upstream and downstream lengths?

- Impact of molecular weight?
- More testing is required
- Sick is planning 3-part testing in Q4 2020
Equinor will implement the algorithm on platforms with similar problem as GFA.

Measurements with ASC has to be handled as loss of measurement and conservative amount must be added.

Goal:ASC to be approved technology for measuring high flow rates in the future
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Thanks for your attention

Flowsic 100, flare gas metering at high flow rates

Stian Nordnes Thunem
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