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Water Column Data in Action

Quantifying Gas Bubble Release with Multibeam Systems
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Focus:

<) Constrainable uncertainties

Water column methods:

“) Publications 2023, 2025,

% Ongoing with UGent and VLIZ (subm.)
% Ongoing with TNO, NIOZ (2027?)



Bubble stream investigation

MBES WATER COLUMN DATA

default

Look! A bubble stream!
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_— How much gas is released?
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Bubble stream investigation

MARINE GAS RELEASE

N
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2 Typically Methane or CO2
*)  Emission reporting

20 Natural emissions

04.09.2013 - Cruise: 67PE376, depth: 44m

*)  Abandoned wells

sample#7 214ml/min

©  Pipelines
2 CCS sites
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Bubble stream investigation

WHY ACOUSTICS?

—

) Scaling / Operational effort

BUBBLE PLUME

*)  Smaller vessels

2 Combine detection with quantification ACOUSTIC
ARTEFACT

SEABED

08-29-2024 Thu 10:54:Z23

2 Tradeoff
°)  More theoretical complexity

2 Uncertainty in modeling



Bubble stream measurements

MEASUREMEMENT
PRINCIPLE
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Bubble stream measurements
N——

—

) SBES
°  Small ©
*)  Calibration ©
*) Broadband ©

*)  Misses bubble streams ...

2 MBES
°)  Coverage! ©
__ ¥ Availability ©
%NT ) Calibration?
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Bubble stream measurements

ECHO GRID INTEGRATION

N
N

2)  MBES based quantification
°)  Theoretical foundation published 2023

*)  Sum over echo grid
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© Validated using simulation :
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Can a real MBES measure this?
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Verification experiments

TWO

EXPERIMENTS
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45°0.0

1: R/V Meteor, 2017 (Published 2025)
°)  Black sea shelf, 120m water depth
) Kongsberg EM710
) Calibrate against Simrad EK80 ES38

2: R/V Pelagia, 2025
©  North sea, 25m water depth
2 Kongsberg EM2040

) Calibrate against synthetic bubble source

sssssssssss

___________

Van der Marel et al. In prep
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Verification experiments

MEASUREMENT CONSISTENCY

N
N

*)  Are measurements
repeatable?

)  Qver time ©

*)  Qver beam angle ©
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l Backscatter vs Beam angle j
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Time (14/12/2018)
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Verification experiments

VS SBES

N
N

2) MBES vs SBES?
©  Same quality ©
°)  Sees more ©

*)  Can be cross-calibrated ©

MBES and SBES data (3D view) Individual layers (top view) Detected overlapping layers

AI 4, SBES E 2]

beam cone

3D MBES scatter points
fsol?)]tipslﬁzfer '?‘a from a bubble stream
i X

¥,

Flare center
IMBES layer grid

Rejected layer

A-= {\
¥ L ¥
g

C]
SBES layer
footprint

»

Flare center
IMBES layer grid

Accepted layer

GHENT
UNIVERSITY

44°940"N

44°9'10"N

A

30°38'50"E

30°3920"E

TApy. ses [dB]

-25

_30 -

-35

—45

=50

=55

—-60

Bubble stream
captured
by MBES

layer L

MBES vs SBES

7/
= = TAgc:sL;5BEs = TApr; mpes + Csv ¥ .’r
71 e MBES/SBES matches .0°‘ o
o Outliers o® ts' y
.g‘c,j, .
4
- ‘ [ ] ®
o
- 28
_ e -
[ 4
‘e
. 08 ° o
L)
,$
4 Z ,
> d R-=0.73
V4 L ]
1 I I I
-70 —60 ~0f) —40 =30

TAgrc.Br: MBEs [dB]

—20

]

12



=20
= o = = TAgc;L:spes = TApL;mpEs + Csv ] "/
-E -~ e TApgpl —1.5mm] I f~ | —TA gl +0.0mm] =25 7 o MBES/SBES matches .o".f
L m TA ol +0.0mm) E o | 7 Trcrames o Oudies . t& .
jis] — I'fqm'.-r.:-.l.rm-:‘\' © — =30 1 .‘.‘9{. e
2 B 3 35 3
e o . . %
Verification experiments & 4o B o4 o
E o 4 E 3 a 40 ° e 4 o Ne
s < g 5 RN -
2o o 8 7 < 45 . p
o R o &~ o 0%t % o
(=] =} -50 - &%, 08° o
£ ER=1 ¥.%
4 o A n o w8 0
7 N A o 2 g - :
A o . S 1 7 R-=0.73
—

|
o
=]

T T T T T T T -60 ,| : T T T
' ' ' ' ' ' ' -90 -80 -70 -60 -50 —-40 -30 -20 -70 -60 -50 -40 -30 -20
-80 -70 -60 -50 —40 -30 -20 TA [dB] TAgc: 51 mes [dB]
TA [dB]

Multibeam image Bubble streams Multibeam image Bubble streams

. Source location »

40

. . 60
. picking .
100 100
120 AT . y b T S 120

140 140

-300 -200 -100 0 100 -300 -200 -100 0 100 200

® Flare locations Gas flow estimate

780 L/h
51 t/year

177 L/h
12 t/year

54 L/h
4 t/year
v

196 L/
14 t/yeq 60 L/h

4 t/ear

1110 L/h

76 t/year
N g

31 L/h '
2 t/year " 4

-

q

1020 L/h
68 t/year

Iielf; ém] T/}RC;?ZZBES [dB] ' A‘

-135 i -90 : o
0 1000 2000 m 4% ) 1000 2000 260-780 T/Year
_— ) | .

Z7 gycal

| A -

© Urban et. al 2025
GHENT CC-BY-3.0

UNIVERSITY



Verification experiments

VS SYNTHETIC SOURCE

© TNO/NIOZ/Utrecht U.
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Verification experiments

AGAINST SYNTHETIC SOURCE

—

) MBES results
) Directly proportional ©

) Less variation than against
SBES ©

°)  Bubble sizes ©
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Acoustic response vs Flow rate

® small_bubbles
® small _bubbles (mean)

\
.
o‘.\o

\\ \\
\

100 150 200 250
Measured flow rate (mL/min)

~375 mL/mi
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Verification experiments

BUBBLE SIZES

N
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Lessons learned and outlook
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Summary and lessons learned

MBESS ARE QUANTITATIVE DEVICES
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Summary and lessons learned ca 580 GB J

? defa
DATA SIZE” e

N
N

) Adapt to your task:

*)  Correct / appropriate ping rate

(dB)

°)  When to record what in which settings

adl dm i

) Lossy compression

3d 04:06 3d 04:15

) Processing strategy

2 Workflow / tooling!

°)  Github.com/themachinethatgoesping
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default

Summary and lessons learned

DETECTION LIMITS

ntal distance
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Summary and lessons learned

MBES WORKFLOW

X

Calibrate against e.q.

A4

MBES survey planning
2 Parallel lines, ping density,
overlap adapted to depth
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MBES detection
°0 Are a measurement
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