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Introduction:
CO, capture and storage (CCS)

 CCS: mitigation of atmospheric CO, in atmosphere
— Where to inject the CO,?
— How to ensure that CO, remains on the reservoir?
— What are the impacts of a leakage?

— How to monitor CO, leakages?

CO, influenced zone
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Introduction:
Monitoring leakages in CO, capture and storage (CCS) reservoirs

* Available Monitoring Techniques
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A survey on gas leak detection and localization techniques
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Project Objectives — Scope of Work

Development of Passive Acoustic Monitoring equipment

* Detect, locate and quantify CO, leakages ocurring in submarine reservoirs

— Understanding bubble acoustics as a phenomenon:

SPECTROGRAMS

Segmentation

* Analytical and numerical modeling of the sound emitted during bubble formation

* Experimental measurements of Bubble characteristic acoustic signal

— Detecting a leakage event
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* Identification of typical bubble acoustic signature the signal

Stratified sampling in database system

— Quantifying the leakage: ;
Knowledge Engineering |
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Bubble Acoustics - Theory

1933 — Minnaert | 1956 - Strassberg | 1994 — Leighton | 2011 - Ainsle & Leighton | 2012 - Leighton & White

pe= poe— 00 cos (2w foi—1)

Sound emitted at bubbles form: {Z} {0} @ @

— Volumetric oscillation: main source

1 1 [3kp,
— zeroth order vibration [f0]-> Minnaert Frequend/m = T 2mr 2o
* Variations in frequency
— Air-water, water-solid interfaces Ruapiace = 27/ Piq.
— Surface tension - lis(@) = :’ZJ
— Viscosity ln(@,Ro) = % qK -
— Heat transfer Dp(Ro) = wﬁ’

— Mass transfer

Corrections on Minnaert oscillation frequency:
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Far-field bubble emission:
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Bubble acoustics — Typical experiments

* Water tank oy AT
* Hydrophones ‘“’;“‘*’
o]

* Compressed air

* Data acquisition system

b‘-q
* Nozzles and/or Syringe s
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Infrastructure, Instrumentation & Software:
Available at the moment

—Hydrophone and signal conditioner
* Frequencies range: 1 Hz and 80 kHz

—Hydrophones calibration system
* Frequency range: 5 kHz up to 100 kHz

—Data acquisition system

—Experimental set-up for controlled

bubble production
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Infrastructure, Instrumentation & Software:
Next steps:

—Hydrophone calibration system for
100 Hz to 5 kHz

—Development of Hydrophone array
systems

—Controlled bubble production at
marine environment

—Autonomous monitoring unit
—Signal Processing tools:

* Source ldentification
* Source localization
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Signal identification

Creation of a characteristic vector

Y W g TS
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e Extraction of signal features

— Reduced amount of information
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— Fingerprints
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Bubble leakage localization

* Differences between sensors:
— Angle of arrival (n, = 2)
— Position of the source (if n.>3)

Atraso no recebimento do sinal
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Passive Acoustic Monitoring equipment

Ensemble of Signal Processing Techniques and Bubble Acoustics
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