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DAS-fibreoptic projects @ s CREWES

 Directivity & 6C sensing with shaped fibres (2016)

e Full waveform DAS response: coupling the FGSM with 3D
elastic FD simulations (Matt Eaid)

e Acquisition: DAS installations at CaMI (Don Lawton)

 Processing: straight, HWC, vertical, trenched, thumper, vibe
(Heather Hardeman, Adriana Gordon, Kevin Hall)

 Elastic wave response: in the context of DAS fibre layout
and design : moment tensor ID and discrimination, up vs
down, P- vs S-, body vs surface, etc.
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‘A{;‘CREWES Fibre Geometry and Sensing Model (FGSM)

INPUT FIBRE PARAMETERS

PRE-HWC FIBRE DATA
(non HWC fibre or HWC axis)

HWC FIBRE DATA

Cable axis A, n={1,..,N}
HWC radius r, turning rate 6
Gauge length y
Channel spacing ¢

Axis position vectors x°;, x%, x9
Axis geometry vectors t,, n,, b,
Arc-length vector s,

, ” T 1 o1
Fibre position vectors x1;, x%,, x1,

Axis geometry vectors t;, n,, b,
Arc-length vector s,

NG

INPUT 3D Elastic Wave Field

Tensor strain (or strain rate)
field e;(x,t), Ny, N, N3
samples at Ax,, Ax,, Ax;, and
N; samples at At

OUTPUT
Directionality Response

Moment Tensor Response

e, as a function of s,
broadside angle or s(x;)

e, or thresholded e, as a

function of s

or s(X,)

Surface vs P/S Response

vV
FUNCTION N N FUNCTION FUNCTION N
das_curve_geometry 4 7 das_add_helix das_curve_geometry I
yd
\ -
INPUT Fibre Response
\\% Axial strain / strain rate e(s)
sampled along arc length
<— —> vector s, w or w/o .
—>
N INPUT Strain reconstruction
Y parameters
FUNCTION
das_tangent_strainfield Reconstruction interval W,
sampling Aw, regularization A
\ %
FUNCTION AN
das_impose_gaugelengt I FUNCTION ‘
das_reconstruct_tensor |
OUTPUT OUTPUT OUTPUT

e, or thresholded e, as a
function of s or s(x,)

Reconstructed Tensor Strain

e (W), e15(W), e13(w),
€53(W), e33(W)
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Benchmark cable shapes
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ldealized waveforms

(displacement)
. i ul(iljl,ilfg,t) |
U(X,t) - I U3(2131,5133,t) ]

Harmonic plane P wave wui(zi,23,t) = —sinfcosk (z3 — at)
angle O to vertical wus(z1,23,t) = cosfcosk (z3 — at)

Plane Rayleigh wave
inline propagation
uy(r1,x3,t) = 1 (CQBCka?’ + 04605]“’53) cosk (r1 — vpt)

uz(xy,r3,t) = 1 (03ec3kw3 + (36665]“”3) sink (z1 — vgrt)



ldealized waveforms
(displacement)
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ldealized waveforms

(strain)
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Modeling DAS responses

Dynamic results: obliguely incident P-wave







Modeling DAS responses

Dynamic results: plane Rayleigh wave
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Modeling DAS responses

Axial strain
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Modeling DAS responses

Axial strain
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Modeling DAS responses

Helical fibre
Broadside trace
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Modeling DAS responses
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Broadside trace
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Design criteria

i dP(Hl) i i dfi(@l) ] i dfl(sl,ﬁl) ]
dtfi(82761)

CO=1 ar ) =1 ap (55,00)

ygr (fibre parameters) = (d°)? (d%) + A(d¥) ¥ (dF)

s

Penalizing similarity of Penalizing similarity of
response between response between
ground roll and S-waves ground roll and P-waves

xri(fibre parameters) = (d')? (d*)



Design criteria

d” (1) = | ,p d; (61) =
3

ygr (fibre parameters) = (d°)? (d%) + A(d¥)? (d®)

Penalizing strength of

ground roll ’\/\

Xrr (fibre parameters) = (d')* (d*)




Conclusions

DAS data “character” depends on fibre material, shape,
source, gauge length, channel spacing, interrogator features,
etc.; collect within a response model, CREWES-FGSM

Uses: directionality, 6C sensing, fibre design

Library of characteristic responses to ground roll, body
waves (then, up- and down-going waves, separate P- and S-

waves, etc.)
Next: investigate a 2-step process:
I.  Design fibre (determine A;) maximizing separability
Il. Teach fibre to suppress or disciminate during
processing (machine learning?), or real time?
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