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Quantifying gas bubble seepage, using

multibeam echosounders

A scalable workflow for monitoring
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MBES quantification workflow:
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Detection sensitivity

Very sensitive to gas bubbles
« Natural variability of bubble flow!

« Tidal phase!
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Echo integration and -Inversion

Scattering cross-section vs bubble radius

100 T T | DA
il [ i
] [
102 | Thuraisingham (1997) 1 1 : I
' :
-4 - ow .' Say
acoustic plumes 10 E :4.', P i e i
e e PR T L] i . 0 S
= & .‘ ] ‘.. .-n. ,.
— 106 B .’ 1 : : :" ... ::....‘.
I= S s f It
S 8 o g i £ = . a
" 10 .0‘ 8 f 4 ] - 4
- P - o o’ F y ¥ EF
4 s B
Bubble size distribution! 010} A S
A St T T
12 & w0 : N K
 Cameras et ~ Bubble size Jistribution )
- "
‘\"'?\ .“\.."‘.“ —O— Muyakshin et al. 2010, Haakon Mosby mud volcano

L}
° I I o A\l —0— Leifer et al. 2002, Santa Barbara Channel
PaSS Ive aCO u Stl CS ‘." \\ Q{J“ § —O— Greinert et al. 2004 et al. 2010, artificial jet

), ; &Y. THA o—R t al. 2011, offshore Pakista
By, Sampleloc | A\ \ e e
gt AN <] * Multifrequency MBES? WY h b sl
\ Se\ 4 AN IO i ? i \ —o— Data from our visual observations
U NN A o R Y AVAARA Polynomial fit
Py N e L  Error can be modeled AN |
I " . . ' ... ""- K - e ’a "“: \ \‘n
NS o AN \
.. . . L 20 A AT T I R E . 5' " IT ‘. ? ‘:q‘: |'| I". \‘
% —-....___.-_‘; = :' | :' AT |'| / ss\
AN " Rl B AT \ Y %
Sk g 04r ¢+ o ¥ A |
o S VA
. 03 N | ,' " S
Q. (-42° . i o f 89 £N X \
Rx ( ) > ]__l ‘ ’ :l 'Ir ',o |l. /.’\\“ ]\ ,}{‘\ / /%
Qri(0°) Orc %21 1183 Y X
. | ?' > \ ‘\\
= Sample locations DA °8,° 2 Y % N
m Selected sample location © Urban et. al 2023 CC-BY-3.0 s 5 o, T
-~ S OO =0
Covered volume of select ¢ 4 8 - a -
D ed Samples © GEOMAR Bubble diameter (mm)

suoijedyyipow ou 0y AN-ON-A9 DD G10C |e "33 OSOISAQ



Echo grid mtegratlon

N
a % Echo grid integration
T 40
% 60 le * High resolution grid
:.8'8- :
100 / |Water column layer ° Average Sv per grld cell
A £ i Z]BL = (108m/12m)
- 0 ~100 —75 -50 -25 ”6 25 50 75. 100 _ ° Sum over a” Ce”S
[ Shlp track y / across track( ) Vertical layer average
N e =100
20 E_ “““““
r— T [ | T 4
= L e e e —
A 7 | T -50 €
N . —— g 0 g
el Q Single bubble
1120% 50 g Bubblgz)stream \U,
8 &>
- i 00 Measurement / _
:’O—% 5 layer L A %/,;IE"T
5 ] ] h | N,
o “ 4 Sum over all grid cells 5 IL Vi %} bl 5
coumn 12 . . 100 s r
Water ' * DlreCtIy proportlonal (¢ gas flow . *@tﬂm
-100 .
) -%;—-— o o Verlfled by S|mUIat|On © Urban et. al 2025 CC-BY-3.0
[ Covered volume of selecteg éﬁ o/




MBES CALIBRATION e

—-25 4 ‘0”{
Examples from the southern North Sea in ~40 m water depth (Urban et al. 2017) ¢ MBE_S/SBES matches ? ¢ 2
— —30 - Outliers §
X =
| o
. —35 - N
- =1
) X)
— e ; =AQ S
) o
. Q (@)
acoustic plumes S —45 - O
% 1
< .
= 50 - ° &
® ) ,. ©
—55 = . ‘
/7
—60 & . . ,
=70 —-60 —50 —-40 =30 —-20

TApr. spes [dB]

Calibration varies with:
¢ System

 Water temperature
« System depth

« Time (Transducer aging)
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R/V Pelagia Sept/Oct 2025
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Predicted flow rate (mL/min)

Acoustics vs bubble gas flow rate:
Directly proportional?

Confirmed!
* Directly proportional relationship (+- 10-20%)

Predicted flow rate Predicted vs real flow rate
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Influence of bubble size distribution?

Sparger
(small bubbles)

No sparger
(large bubbles)

Bubble sizes matter!
 ...but errors can be constrained
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Conclusion
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ACOUSTIC BUBBLE STREAM MEASUREMENTS

Multibeam image Bubble streams

Source location =
picking '

Multibeam image

Bubble streams

Gas flow estimate

® Flare locations
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Complexity of the measurements

High complexity?

» Multiple aspects of calibration
« Multiple possibilities for flow rate scaling
* Planning of water column surveys

» Constraining errors
* Amount of method aspects

» Bubble dissolution modeling

Low complexity:

* Operation at sea

Acoustic response vs Flow rate
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» Mathematical operations / individual method steps

» Results and explained uncertainties
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 Complex considerations

« ‘Simple’ actions

High methodological depth
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