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Ocean-bottom distributed acoustic sensing (OBDAS)

Williams (2022)

cuhwWh-

Earthquakes

Ambient seismic noise
Surface gravity waves
Internal gravity waves
Anthropogenic noise
Marine mammal
vocalizations



YA UNIVERSITY of WASHINGTON 4

1. Surface waves on DAS

« Observations of wind waves and swell in Gibraltar
* Measures seafloor strain proportional to pressure
* Recover flow velocity from dispersion using interferometry

2. Internal waves on DAS

« Large-amplitude interal waves in the Strait of Gibraltar
* Nonlinear internal tide on the slope of Gran Canaria
* Predominately sensitive to temperature, not pressure



Ocean surface gravity waves
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Measuring waves and coastal currents
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Ocean surface gravity waves in DAS data
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Ocean surface gravity waves in DAS data
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OSGW in the Gibraltar DAS dataset
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Towards extracting ocean wave statistics from DAS data
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Towards extracting ocean wave statistics from DAS data

2. Array-based estimation of wave directional
energy distribution (“spreading”)

T
A CRrAg !
O [N
ORI =~

il b L

0.05

0.04 1

0.03 -

180°

Wavenumber (1/m)

0.01 A

0.00

Frequency (Hz)

270°



YA UNIVERSITY of WASHINGTON

Towards extracting ocean wave statistics from DAS data

2. Array-based estimation of wave directional
energy distribution (“spreading”)
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Williams et al. (2019)
Spatio-temporal ocean flow monitoring with DAS
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Ambient noise interferometry with OSGW
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Step 1: Invert for mean state Williams et al. (2022)
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Step 2: Time-lapse waveform stretching
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DAS is sensitive to both strain and temperature

DAS measures change in optical path length, which includes
physical deformation (strain) and changes in the refractive index
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DAS measurements of temperature and strain are indistinguishable
without a-priori physical understanding
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Internal gravity waves in the ocean
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A.
Internal soliton trains in a
two-layer ocean

B.
Internal tide beams in a
uniformly stratified ocean
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Internal tides on steep submarine slopes
van Haren (2006, 2012)

Criticality: 0.10

yearday 2005 Bay of Biscay

Bore-like temperature fronts generated
by reflection of the internal tide on near-
critical slopes

Winters (2015)
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Temperature or strain?
J 1. Amplitude is too large to be strain

2 K(or 20 pg) similar to peak dynamic strain recorded <1 km from Ridgecrest EQ

« 2 K(or 20 peg) coherent over 10+ km => 20+ cm integrated displacement if strain
« Given steel strength element (E = 200 GPa), would require 20 MPa oscillating stress

J 2. Signal disappears when cable is buried

« OSGW pressure-induced strain observed ~1-100 ng on buried cable segment
« Thermal diffusivity of geological materials is low, semidiurnal thermal skin depth is 10-50 cm

/ 3. Temperature supported by modeling
* Internal tide amplitude, asymmetric shape, and up-slope propagating frontal velocity
reproduced by temperature in an idealized model
« By contrast, pressure perturbations are smaller, symmetric, and much longer wavelength,
dominated by pycnocline displacement and almost independent of the near-bottom flow

/ 4. Change in cable type consistent with temperature
« From SAto LWP cable, frequency-dependent change in sensitivity fit with thermal model

« Difference in Young's modulus (steel/aluminum ~200 GPa to polypropylene ~2 GPa) would
expect order of magnitude broadband change in extensional strain from same forcing
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« Difference in Young's modulus (steel/aluminum ~200 GPa to polypropylene ~2 GPa) would
expect order of magnitude broadband change in extensional strain from same forcing
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Hidden signature of the barotropic tide?

Spatially averaging over the slope results in a
regular and symmetric tidal signal:

* Phase and amplitude match with prediction,
including fortnightly lunar tide (M)

« Could be direct pressure loading of the
cable (Poisson effect) or seafloor strain from

ocean tidal loading (compliance)

« Apparent sensitivity ~5x10710 strain/Pa ?
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Hidden signature of the barotropic tide?

Spatially averaging over the slope results in a g
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Take-away #4:

Weak mechanical strain signals may hide under
larger temperature signals => challenge for
seafloor geodesy and tsunami monitoring

« Apparent sensitivity ~5x1010 strain/Pa ¢
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Broad scope of applications for DAS in oceanography

DAS is sensitive to wave amplitude and statistics, similar to a

conventional wave buoy
DAS can measure water depth and flow speed (in shallow water)
because ocean surface wave observations are coherent and

phase-resolved
Where subsea cables are unburied, DAS is sensitive to

temperature fluctuations from internal waves and tides
Weak mechanical strain signals may hide under larger
temperature signals => challenge for seafloor geodesy and

tsunami monitoring



