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Ambient noise Interferometry can reduce costs

noise ~1 Hz
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Ambient noise Interferometry can reduce costs

signal mimicking
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DAS Is being used to lower costs in oil & gas

Geophone |

Repeatable 4D seismic
offshore and onshore with

fiber covering full well
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imaging
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Using fiber in telecommunications conduits for:
-Active seismic surveys @ Esnet_ :
-Near-surface imaging with ambient noise
-Earthquake detection

Challenges:

-Difficult to get precise location information for fiber
-Little friction between conduit wall and fiber
-Straight fibers may be less sensitive to certain waves
-Coherent noises in urban/infrastructure environments
-Difficult to quickly decide on ambient noise pre-processing s
-Only single component of strain is available
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Ambient noise interferometry can reduce costs

signal mimicking

noise ~1 Hz active survey
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HOW Cross-correlation Works

for real time series, cross-correlation is a time-lagged dot product

/ C(r) = /_ " A (e, t + 7t
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HOW Cross-correlation Works

for real time series, cross-correlation is a time-lagged dot product

C(1) = / d(xy,t)d(xys,t + 7)dt

C=0

peaks and 0s line up

cross-correlation C = —\J
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HOW Cross-correlation Works

for real time series, cross-correlation is a time-lagged dot product

C(1) = /OO d(xy,t)d(xys,t + 7)dt

cross-correlation C =



HOW Cross-correlation Works

with white, uncorrelated spatially homogeneous noise sources on all sides

for real time series, cross-correlation is a time-lagged dot product

C(1) = /OO d(xy,t)d(xys,t + 7)dt

cross-correlation C =
T<O T

|
-

T>0



Ambient noise with 3C geophones
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figures from Lin et al. 2008, GJ!



Collinear Channel Cross-Correlations

Xvs XysTg Ay Xrtg
S _— — _—
virtual source receiver

measurement difference of
IN-line point sensor data
Cross-correlation strains measured

C(t) = | Im(x,, Los T
) / ( t)lm( o )ldt point displacements
— /d(mr + 9, t)P(mvs + 9,1+ 7_)|dt — / d(mr T 9, t)P(w’U& L+ T)‘dt

~ [ Ofilros + g+ Dt + il DGt +

m(z,t) = d(x + g,t) — d(z,t)

— Cr—l-g,vs—l—g (T) o C’f’—l-ga’US(T) o CT,US‘FQ (T) T Cr,vs (T)
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Parallel Fibers are Simple Case

collinear channels yield
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Parallel Fibers are Simple Case

collinear channels yield
Rayleigh waves
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Parallel Fibers are Simple Case

collinear channels yield
Rayleigh waves

(Xr,Yr) (Xr+g,yr) e
By et —\—:\95—— i
s B g o " Bs+g,r+g = Osr
(XS/yS) (XS+g/yS)

\> directly across channels vyield

Love waves as d grows
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Orthogonal In-Line Fibers are Another Simple Case

converted Rayleigh/Love
waves as d grows




More generally, DAS cross-correlations are linear combinations
of cross-correlations of improperly rotated geophones.
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More generally, DAS cross-correlations are linear combinations
of cross-correlations of improperly rotated geophones.
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one bit cross-correlation, virtual source 75
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summary:

We can extract virtual source responses throughout 2D DAS arrays, greatly

iIncreasing

he usable ray path coverage o

- passive DAS arrays.

The extracted responses show some features predicted by theory.

We are working towards a more automated, unified workflow.

How do we reliably select Ray

Open questions:

eigh and Love waves from mixed outputs?

Does this work at other sites (Fairbanks, AK or Richmond, CA)?
How can we use the R-T and T-R components for near surface imaging??
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summary:

rtual source responses throughout 2D DAS arrays, greatly

passive DAS arrays.

The extracted responses show some features predicted by theory.

We are working towards a more automated, unified workflow.
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Extra information

Benefits/drawbacks of DAS
Earthquake recordings and sensitivity
More on permatrost thaw tests
Infrastructure related artifacts




pbenefits and drawbacks of DAS

| ower cost per sensor gauge length
High repeatability of sensor locations
Cover large range (not moving subsets) — Zauge length

Flexible sensors channel length
High density that can be changed

i DBF
laser

1.56um EDFA

digital demodulation APD

Lower sensitivity to broadside waves
Blind to certain frequencies
Some laser drift noise

iInterrogator unit

Posey et al. 2000



| imitations of DAS

Lowered sensitivity to

Blino relaxed state :
frequencies waves coming at an angle
EEE [E[D (COS2 VS cOoS)
tension compression
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Nearby Earthquakes

heterogeneous response

profile of relative sensitivity to each frequency band

ratio to median response
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Developing Smart Infrastructure for a
Changing Arctic Environment Using
Distributed Fiber-Optic Sensing Methods

Pl: Jonathan Ajo-Franklin, LBNL Co Pl: Anna Wagner, CRR

osErRDP B 0y @ T

Goal: low-cost frequent monitoring of the near surface il
Method: passive seismic collected by trenched fiber optics with low-cost per sensor

\ \“ A '
Jonathan Barry Michelle . . Nate Lindsey, Shan Dovu, Anna Wagner  Kevin Bjella
Ajo-Franklin, TO”L“BDNaL'ey’ Freifeld,  Robertson, Cra'LgBLI\JI'['Ch’ UC Berkeley: | BNL US Army Corps of Engineers
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Cold Regions Research &
Engineering Lab 6
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Cross-correlations
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