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* The distributed nature of DAS Continuous ﬂm

weigh in motion

arrays —

= creates conditions for assessing Arrays Spsi

the infrastructure at multiple scales
(Lindsay et al. 2020)

¢ Long-term measurements Freeze/thawing monitoring

using dEdiCatEd fibers active seismic sources

. Coipled DAS
= allows for the operation and S

performance monitoring of long
pieces of infrastructure (e.g., roads,
railways, pipelines, levees)

= facilitates the long-term
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* Availability of dark fiber optic
networks

= allows for multi-directionally
monitoring in urban areas.

* High-density arrays

= permits the creation of high-
resolution site characterization
maps (based on surface wave
analyses)

* Interferometry and Internet
Communication Developments

= exiting new opportunities for
engineering and science

Urban infrastructure

Crisscrossing




Frozen Lake Mendota,
Madison WI (Mar. 2012)

Lake Mendota
(Madison, WI)
L]

Four loops of }
fiber optic cable

= Fiber optic
cable return

~300-m array - Loose tube and tight
buffered cables melted into the lake ice

Lafrange-Conco Mine,
No. Illinois (Jun. 2017)

‘anco Mine Layout

AFL cable

. dust

cement

.OCC cable

X (m) 1.27 cm
~600-m array - Tight buffered tactical
cable cemented into a rock grove, covered
with debris, and laid on the surface

Garner Valley,
So. California (Set. 2013)

~1500-m array - Tight buffered tactical
cable trenched and covered about 0.3
m into the sediment

Madison Dark Fiber,
Madison, WI (Nov. 2019)

IN Lake Mendota

~4000-m and 3000-m arrays
Dark fiber in communication conduits
across two different paths in campus

Brady Hot Springs,
West Nevada (Mar. 2016)
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Log of energy (DAS units)
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TMX

~8700-m array - Tight buffered tactical
cable trenched and covered about
0.45 m into the sediment

SURF Homestake Mine
(May 2022/Feb 2023 )

3D Array at SURF

~4000-m — array along the drifts and
ramps of the underground
mine/research lab

Funded by NSF, DOE, MSHA, US Air Force, UW-Madison / Thanks to Silixa and Optasense
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* 8700-m long DAS and DTS
array was trenched to a The red stars
depth of about ~¥0.4 m to indicate the
actively and passively corner channels
image a geothermal field. being monitored

* Traffic was monitored for these
during the 6 AM to 7 AM analyses
“rush” hour along the
service road to a
diatomaceous mine.

* Cameras were set up to
image the passing traffic.
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Strain rate (DAS Units)
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: PSD Mean for Truck Events
——PSD Mean for Car/SUV Events
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SE-bound
traffic

A vehicle hitting a pothole
would be felt as a point along
Long Line |l

Garner Valley (So.
California): ~700-m
rectangular deployment
monitored with 10-m
gauge length using iDAS
interrogator

A vehicle hitting the
‘bump at the end of the
bridge’ would be felt as

a surface wave along
Long Line ll. The
recorded velocity would
be lower than the real
surface wave group
velocity due to
misalignment.
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Dispersion Curves along Short Line |
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e About a week of Silixa iDAS surveys on a ~4000-m dark fiber route from the
Compute Sci to the Animal Sci Buildings.

* DAS cable mapping with tap testing showed IT route maps were incorrect.

* DAS cable mapping located 25% more fiber than the reported map distance.
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Dark Fiber Cable Sensitivity Inferred from Noise Analysis

Night (3:40 am local time) Day (7:20 pm local time)
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The maximum absolute strain value for 20-min periods for each channel
along the fiber route. High-sensitive fiber channels show low values of

maximum absolute strain at night (top) and high values of maximum
absolute strain during the day due to campus activities.

Analyses: E. Cunningham



Dark Fiber Cable Sensitivity Inferred from Noise Analysis

Red 11 pm to 6 am max abs strain for 30 s intervals
11 am to 5 pm max abs strain for 30 s intervals
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Maximum absolute strain values for 30-sec periods are calculated for
each channel along the fiber. The ‘day’ values are in red, and the ‘night’

values are in cyan, with the mean for each series shown with a black line.




Vehlcular Trafflc

Channel

3300 —
2 c
3250 === @)
3200 | ::)
e o
3150 S g
3100 =—~58 ;
3050 I.II.I
3000
c
2950 5 o
2900 = = ::)
- Y
2850 F = &
E== = = s +
2800 — wn
300 350 400 450 500 550 600 Z'
Time (s)
600 E I ! ==—=—=
= == |
580 BPF= ‘ — = !ﬁl :
N = "‘”él Attenuatlon as
-Along NOfth? = distance from the
G0 Charter St. po—
< railway-increases
sl :auzi y <
g - '&p‘l
& 500 Perp. to railtrack 1 === |
I S o
° 480 F—, ’ l"mrl
Parallel’ to the |, :
0 railway track |-
440 E = = 'iw,Passmg
e ————————————— ,,,,7,,,,,':’ —
- 1 ,train event
46 _Inside building | Mlteek S0
0 200 400 600 800 1000 1200

Time (s)

University Ave

Henry Mall

Records were
collected on
20191105
215619 UTC.

Records were
collected on
20191106
214249 UTC.



* Interrogators’ cost and availability — improving!

* Gauge length — DAS - geophysics (long range and
large gauge length) vs. OFDR - NDE (short range and
small gauge length).

* Challenges application of HVSR due to the strong DAS
directivity.

* Incredibly large data sets — but properly designed
monitoring methodologies can control it.

* Yet, DAS arrays (and the use of arrays of
opportunities) have the potential to revolutionize
infrastructure monitoring by allowing high spatial
resolution and high dynamic range.



