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DAS

(Distributed acoustic sensing)

DAS measures axial strain or strain-rate
along fiber cable, while seismometer
measures 3-component velocity or
acceleration.
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Fiber-optic cable construction

Single mode fiber coupled
diode pumping

]

Single mode laser light =—

Core Cladding Coating Strengthening Cable jacket
fibres

Optical Fiber Core Diameters

Relative Size Comparison

62.5 pm 50 ym

Single-Mode (9 pym)
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i I Multimode laser diode light

Singlemode Fiber
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fiber core
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fiber core Multimode Fiber

Fiber Inner Clad

Single-Mode Fiber EEf5

Multimode Fiber 215

8.3 um in core diameter

50 or 62.5+ pmin core diameter
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Utilizes expensive laser light

Generally uses cheap light-emitting diode light source
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Light travels in a single path down the core

Multiple paths used by light
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silica (S102) glass
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Primary coating ambient temperature range

Acrylate

HT Acrylate
Silicone PFA
Polyimide
Metal

-40°C to +85°C
-40°C to +180°C
-40°C to +200°C
-180°C to +300° C
-250°C to +650°C
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Different cable packing
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 a tight-buffered, steel-tubing encapsulated cable (Draka

[Shan Dou, et. al., 2017] encapsulated)




FIBER OPTIC BEND RADIUS
P ROT ECTI O N in general, the minimum bend radius should not be less than

ten times the outer diameter (OD) of the fiber cable. Thus a

Optical FEE;t y 3mm cable should not have any bends less than 30mm in
Light Pulse ght Pulse .
- = radius.
. e X
R Microbend % S\ Macrobend
Optical Fiber Pﬁgﬁtaitsut:;.h;h Radius of \\ ﬁﬁg‘hid‘l
From Fiber Curvature E? b Light is

Lost From

Fiber

Microbends and macrobends

Violating minimum bend radius
Maintaining proper radius

Fiber Patch Cord
Fiber Patch Cord

After Future
Installation

Initial Installation

Effect of adding fibers

>

https://www.fiberoptics4sale.com/blogs/archive-
posts/95051526-fiber-optic-bend-radius-protection
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https://www.fiberoptics4sale.com/blogs/archive-posts/95051526-fiber-optic-bend-radius-protection
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the Anti-Stokes band arises when energy

= is transferred from the medium to the
Intensity =A DAS

light, leading to scattered photons at a

Rayleigh higher frequency than that of the
- DTSS - incident light
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;’l \ Distributed acoustic sensing (DAS)
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DAS interrogation unit

A Fiber
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The optical phase change A® is proportional to the elongation of the fiber (AL) over the gauge length (L).

DAS waveforms obtained at each channel are not a point measurement but are strains measured over a
spatial distance.

Linearity between phase change to strain
A
4mtnlLé g
¢: optical phase
n: refractive index (1445)
k: incident wavenumber
L: Gauge length
A: incident wavelength (~1550 nm)
&: scalar multiplicative factor (~0.78) (0735)




OTDR 1l yC 4R nn &

(Optical Time-Domain Reflectometry)
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* initially proposed in the late 1970s to monitor the operational health of optical transmission lines
* By analyzing the amplitude of the Rayleigh backscattered signal of a high-power light pulse propagating
along the fiber, OTDR detects attenuating/reflective faults or imperfections in the cable



DAS (Distributed Acoustic Sensing)
Eient
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Spatial sampling (gauge length) vs. Spatial resolution

dz

I z, t

lllustration of two spatially-cbnsecuti\)e iDAS measurements,

at z, t and z+Az, t. dz is the gauge length, which is generally

larger than the sampling resolution, Az, the distance between

consecutive measurement points
From Silixa

sampling resolution Az : It is the distance between two

adjacent sampling points along the fibre in the data saved to
disk.

gauge length dz : The iDAS interrogator measures, in a moving
window, the relative strain between two sections of the fibre
that are separated by a length dz. The gauge length and spatial
resolution have the same value to a good approximation

DAS waveforms obtained at each channel are not a point
measurement but are strains measured over a gauge length
sized window.

a large gauge length improves the SNR but reduces the
measurement resolution

The gauge length (GL) is often expressed as a multiple of the
sampling resolution (SR): GL= N - SR, usually with N > 4.



How gauge length relates with resolution?

Larger the gauge length, better the resolution
0> 0,
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DAS current length limitation
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[Lindsey and Martin, 2021]
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"Clipping” of seismometer

0.03 Comparison of BB and Accelerometer in velocity
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DASE KIEB IR 2 (data saturation)

« The DAS IU we utilized returns the wrapped phase in the range (-, 11), and when the
strain rate exceeds 21 between sample points, the signal is saturated.
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Stimulus vs RecoweredSignal

Stimulus vs RecoveredSignal
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Figure 20. Stimulus signal (red) and IU response (blue) showing linear limit at 17 seconds Figure 21. Zoom view of stimulus signal and IU response showing phase jump at 16.98
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Das data saturation
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[The Imperial Valley Dark Fiber Project: Toward Seismic Studies Using
DAS and Telecom Infrastructure for Geothermal Applications]

count

Increase internal laser repetition rate or shorten
the gauge length both increase DAS saturation level.
The maximum laser repetition rate is in turn
constrained by the total fiber length because the
detector must wait for returning scattered energy
before launching a new pulse at the same
wavelength. Shorten gauge length also increase
instrument noise.

Waveform (2022/09/18_06:44:01 - 2022/09/18_06:45:41) (sampling rate 1000 Hz)
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Minus K® model 75BM-8

common-mode noise is characterized by an infinite-velocity signal (arrives at all
channels simultaneously). This is caused by local seismic disturbance near the
interrogator, which vibrates the optoelectronic system and leads to an overprinted
signal on all channel recordings at the same time. [Lindsey et al., 2020]
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Typical Performance Curves: much better than typical air tables.
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Tap testEf

Tap test on CHT segment (2022.09.19 UTC)
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Fiber-ground coupling

Chin-Jen Lin, Hsin-Hua Huang , Chin-Shang Ku,
Ching-Chou Fu, Po-Li Su




192.168.81.35

vesT hree seismometers are separated S8
| 2021/11 ~ |

192.168.81.36
MC #582
TW.S0001

192.168.81.30
MC #745

* Three Nanometrics Meridian Compact postholes are
FM.B330

used for strain derivation.



Cable difference

It seems the amplitude level measuring from
black cable is slightly larger than yellow cable, but
the difference is not much. Both fiber cable
waveform are less than array-derived strain,
possibly due to the bad coupling between cable
and ground surface.

Waveform (2021/11/30_23:16:34 - 2021/11/30_23:19:54) (0.1 - 10.0 Hz)

200_611 m (yellow cable)
201_615 m (yellow cable)

202 619 m (vellow cable) Va||ow cable (t|ght buffer WithlUt ge|)

=
o

IHI\IHIIHIIHHIII\IL

1.04

203_623 m (yellow cable)
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60_51 m (black cable)

61_55 m (black cable)

62_59 m (black cable) - 1 Fai ( / )
63_63 m (black cable) Array gerives St D
64_67 m (black cable)

65_71 m (black cable)

66_75 m (black cable)

67_79 m (black cable)

68_83 m (black cable)

69 _87 m (black cable)

70_91 m (black cable)

71_95 m (black cable)
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MIDAS

Surface cable deployment
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Seismic array temporary
experiment

MIA1 Meridia mpact #581
MIA2 Meridian Compact #582
MIA3 Meridian Compact #409

Duration: 2022/03/25 ~ 2022/04/28 Fiber cable

SMeridian
Compact

thank 40524



Waveform (2022/04/24_10:23:27 - 2022/04/24_10:29:07) (0.03 - 0.3 Hz)
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strain-rate (dB, ref. to 1 m/s/s)

MiDAS

PSD (2022/04/24_10:23:27 - 2022/04/24_10:29:07)

—100

IDAS_0470 (gain-1.0)
IDAS_0471 (gain'1.0)
IDAS_0472 (gain'1.0)
IDAS_0473 (gain-1.0)
IDAS_0474 (gain-1.0)
IDAS_0475 (gain-1.0)
IDAS_0476 (gain'1.0)
IDAS_0477 (gain:1.0)
IDAS_0478 (gain-1.0)
IDAS_0479 (gain-1.0)
IDAS_0480 (gain-1.0)
IDAS_0481 (gain:1.0)
IDAS_0482 (gain-1.0)
IDAS_0483 (gain-1.0)
IDAS_0484 (gain'1.0)
IDAS_0485 (gain:1.0)
IDAS_0486 (gain-1.0)
IDAS_0487 (gain-1.0)
IDAS_0488 (gain'1.0)
IDAS_0489 (gain'1.0)
IDAS_04890 (gain-1.0)
IDAS_0491 (gain-1.0)
IDAS_0492 (gain-1.0)
IDAS_0493 (gain-1.0)
IDAS_0434 (gain:1.0)
IDAS_0485 (gain-1.0)
IDAS_0496 (gain-1.0)
IDAS_0497 (gain:1.0)
IDAS_0498 (gain:1.0)
IDAS_0499 (gain-1.0)
IDAS_0500 (gain-1.0)
IDAS_0501 (gain:1.0)
IDAS_0502 (gain:1.0)
IDAS_0503 (gain-1.0)
IDAS_0504 (gain-1.0)
IDAS_0505 (gain-1.0)
IDAS_0506 (gain'1.0)
IDAS_0507 (gain:1.0)
IDAS_0508 (gain-1.0)
IDAS_0509 (gain-1.0)
IDAS_0510 (gain:1.0)
1 (gain:1.0)

-300 T T T
1072 1071 10° 10t

Hz

Good cable coupling
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strain-rate (dB, ref. to 1 m/s/s)

PSD (2021/11/17_02:24:43 - 2021/11/17_02:28:03)
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Conclusions
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- SEHE : < 2nm/s/sqrt Hz (gauge lenth 10m)
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