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MOTIVATION AND OBJECTIVE

Opportunity

Fibre-optic Distributed Acoustic Sensing (DAS) offers an opportunity for CCS monitoring by using 
existing telecommunications cables.

Problem

DAS measures strain-rate rather than acoustic pressure or velocity, which are more directly 
interpretable physical quantities.

The gap this project fills

Calibrating DAS strain response against acoustic pressure and frequency. Across the 1-20 kHz range 
relevant to CCS wellbores, e.g., leakage monitoring[1,2].

The goal

To reduce uncertainty in interpreting DAS monitoring data from existing telecom and monitoring fibres 
used in UK CCS environments.
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DAS VS HYDROPHONE
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IMPULSE RESPONSE

Comparison of deconvolved impulse responses from 

the calibrated hydrophone and the 150 m DAS fibre 

channel at 10 bar hydrostatic pressure. 

Deconvolved impulse responses from the three 

monitored fibre channels (150, 156, and 162 m) at 

10 bar hydrostatic pressure. 

How a system responds to an input, revealing its timing, amplitude, 

and frequency-dependent behaviour.



FAST FOURIER
TRANSFORM

10 BARS

Breaks a complex signal into its individual frequencies, showing 

which frequencies are present and how strong they are.



FFT OF FIBRE RESPONSE 10 BARS



SIGNAL-TO-NOISE RATIO

5 BARS 100 BARS

SNR is frequency-dependent while also being affected by 

hydrostatic pressure.



SNR VS PRESSURE



IMPULSE RESPONSE – FIRST ARRIVAL VS MULTIPLES

The 5-ms window isolates the first acoustic arrival 

for frequency-domain analysis.



FREQUENCY ANALYSIS
OF FIRST ARRIVAL

150 M 162 M

Both fibre channels capture the 1–10 kHz excitation, but with 

different spectral amplitudes indicating channel-dependent fibre–

acoustic coupling.



CALCULATING SENSITIVITY

150 M

Fibre response (strain)

_______________

Hydrophone, true acoustic sensor (Pa)

=

Fibre sensitivity to pressure (strain / Pa)

Quantifies how strongly the fibre responds to an applied 

acoustic pressure, allowing quantitative comparison. It 

provides a basis for calibrating DAS measurements 

against acoustic pressure.



FIBRE SENSITIVITY TO 
ACOUSTIC PRESSURE

DAS sensitivity varies with frequency, supporting the need for 

frequency-dependent calibration, while remains within the same 

order of magnitude with hydrostatic pressures.

Differences between channels are more 

pronounced than the effect of pressure, 

suggesting local coupling dominates the 

response.



Frequency-domain analysis showed that 

DAS sensitivity varies across the 

investigated bandwidth, highlighting the 

need for frequency-dependent calibration 

for quantitative interpretation. Across 5–100 

bar, pressure had little effect on sensitivity, 

while differences between fibre channels 

were more pronounced, likely reflecting 

local coupling conditions.

Laboratory calibration demonstrates that 

fibre-optic DAS able to detect kHz-range 

acoustic signals relevant to acoustic 

monitoring, with performance strongly 

controlled by frequency-dependent 

coupling between the fibre, surrounding 

medium, and acoustic source.

TAKEAWAY MESSAGE
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