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Fig. 3 Propagation loss of sound sources in the channel at 8kHz, calculated from Bellhop. 

Fig. 1: Modelled gas flux measurement scenario. Noise is contributed from the sea surface and shipping. The 
model investigates the relative contributions of bubble emissions and ambient noise at different 
ranges/distances of the recording hydrophone from the sound sources. 

(a) 1 kHz 

Fig. 7: Variation of sound speed at different frequencies, gas flow rate: 5L/min. 

Gas flux can be determined using passive acoustics [1] associated with offshore 
Carbon Capture and Storage (CCS) facilities require a relatively quiet underwater 
environment. However, nearby vessels may disrupt the detection and quantification 
of gas leaks. Considering sound sources (gas leaks, sea surface agitation and shipping), 
and attenuation, we develop a model to assess impacts of ambient noise under 
various conditions. The model calculates signal-to-noise ratio (SNR) at an acoustic 
receiver, whose goal is to determine gas fluxes. The calculation provides prediction of 
dominant noise source, and identifies minimum vessel/receiver distances and 
maximum receiver/gas ranges. 

Scheme: 

Detection thresholds: 

Gas bubbles from gaseous CO2 crossing the seabed interface into the water column 
is relatively easily detected optically and by passive acoustics. Here we investigate 
the variation in sound speed and attenuation on the presence of CO2 bubbles close 
to the seabed. Our approach is to formulate a numerical model simulating the 
propagation of sound energy through a mixed media involving a gas bubble plume 
and detection on a hydrophone (Fig. 5). The numerical model is used to determine 
the frequency dependent changes in sound speed and attenuation in the water 
column due to gaseous CO2.  
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Fig. 8: Variation of attenuation at different frequencies, gas flow rate: 5L/min. 

(b) 3 kHz (c) 6 kHz (d) 9 kHz 

(a) sound speed 

Fig. 9: Average variations of void fraction, sound speed and attenuation at different heights, gas flow rate: 5L/min. 

(b) attenuation 

Measurements: 

Fig. 5: Active acoustic scenario and 
modelled gas flux. 

• Field work will be conducted to verify the effectiveness of predicted SNR 
thresholds in the passive acoustic model.  

• Laboratory tank test will be conducted to measure the sound speed and 
attenuation variations when gas flux is continuously generated.  

• The active acoustic model will be extended to involve sea current and tides.  
                                                                                                                                                                                 

Future work 
• The passive acoustic model predicts proper vessel/hydrophone distance/range, to 

ensure valid gas flux measurement at enough SNR. 
• The active acoustic model simulates sound propagation when seabed gas emission 

is emerged, and calculates sound speed and attenuation variations. 
• The two models have been developed as interim models, which should allow 

acoustic modelers initial means to assess the implications of seabed gas emissions. 

Conclusions and discussion 

(a) Ship transit noise. (b) Bubble sound. 

Scenario: 

Fig. 6: Flowchart of the active acoustic model, shows the 
dependencies of sound speed and attenuation in the acoustic 
channel on bubble plume. 

Channel attenuations: 

[1] T. G. Leighton, P. R. White, ‘Quantification of undersea gas leaks from carbon capture and storage facilities, from pipelines and from 
methane seeps, by their acoustic emissions’, 2011. 

Fig. 2: Flowchart of the passive acoustic model, shows the dependencies in the integrated underwater noise 
impact assessment modelling approach. Attenuation variations: 

Sound speed variations: 

Scenario: 

Fig. 4 Solid lines (SNR) crossing 
the dashed line (threshold 6dB) 
indicates the minimum 
vessel/hydrophone distance at 
different hydrophone/bubble 
ranges 1-32m. Gas flow rate: 
4L/min, sea surface wind speed 
5m/s, vessel radiated noise level 
145 dB re 1 µPa2/Hz. 

Scheme: 


