Practice on MIDAS:
Optical Fiber Sensing at depth

MiDAS

Kuo-Fong Ma and MiDAS team

1: Institute of Earth Sciences, Academia Sinica, Taiwan
2: Department of Earth Sciences, National Central University, Taiwan
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Milun fault Driling and All-inclusive Sensing (MiDAS)
2 2021~ MiDAS
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#90, Sediment thickness (~120m) #130-#150~280m-360m

Disturbance in waves (Fracture Zone? )

202201072112 _HSF #183-#193~490m-530m,

Plot every 3 nodes

Major Fault Zone LVZ to amplify the phases,
(#191-#195)

*More consistent features after #196

Receiver ID

202201072112_HSF

) 35
STF 34.6-35.3 Time ( #183- #200 (374 5-35. Ssec)

sec)

#183 to #155 outside
Leaving LVZ increasing
velocity refracted wave

FZ LVZ refracted phase

du/dt= c du/dx, c: phase velocity

Time (sec)



Optical Fiber strain-rate

Geophysical Logs
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RNV @426m @491.05-491.15 @516.70-516.85 ~#192



Optical Fiber strain-rate
Logging

e 202201072112 _HSF

Geophysical Logs
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Facture Zone within Lithology Il
Major Fault Zone along the lithological boundary.

**Optical Fiber detects the detail
| lithology boundary, andLVZ
(Fracture zone, and Fault Zone)

S

Fault core ~#160 Fault core #183 #190 @522.45 - 522.55
@426m @491.05-491.15 @516.70-516.85 ~#192



« (GOOD CORRELATION WITH THE LITHOLOGY
« STRAIN AS A DIRECT RESPONSE TO RIGIDITY (SENSITIVE TO FLUID)

e HANDLING DATA WITH CARES (REMARKS)
SATURATION ISSUE
OPTICAL SPIKE BEYOND 20Hz (SvS PPT WITH OPTODAYS)
COUPLING ISSUE
UPGOING AN DOWN-GOING WAVES
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Linearity between phase change to strain
A

€= 4nnlL ¢

¢: optical phase

n: refractive index

k: incident wavenumber

L: Gauge length

A: incident wavelength (~1550 nm)

¢ scalar multiplicative factor (~0.78)

Silixai2fit Z &2 "Strainrate [nm/m/s] = TDMS * 116 / 8192 * Fs / GL"dh:

amnt ~116 nm
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IDAS with the Sep ‘22 Chishang sequence
at Milun test site
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Milun Test Site 2ol

Joint project of IES, GFZ, and UP to set up and run
DAS interrogator in seismically very active region

Site at Milun campus of Donghua University

Campus hit by 2018 Hualien earthquake with
surface rupture

From Sebastian von Specht’- 2, Chen-Ray Lin' 2, and K-F. Ma2 3

1. University of Potsdam, Germany; 2. GFZ, Germany;
3: IES, Taiwan
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Milun Test Site: Orlgl‘naﬂea

Can we identify the Milun fault
zone with DAS?

Installation of appr. 1.6 km of
flber on campus and operate
optoDAS continuously

ik MOt

Using recorded events to
identify fault zone

Test different settings of
iInterrogator

From Hsu et al. (2019)
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Preliminary evaluation WiDAS

Step I: Channel alignment (Same fiber # same channel)

Select “clean” (unclipped) signal on both DAS

s)

optoDAS

strain rate (

zoomed section
13:42:00 13:42:10 13:42:20 13:42:30 13:42:40

)
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strain rate (

zoomed section
13:41:30 13:41:40 13:41:50 13:42:00 13:42:10 13:42:20 13:42:30 13:42:40




ldentifying (non-) clipping signalsyoss

Clipping on IDAS only
|dentification with optoDAS

—— OoptoDAS

41:59.000000 41:59.500000 42:00.000000 42:00.500000 42:01.000000
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s)

strain rate (

s)

strain rate (

ldentifying (non-) clipping signals:

P waves are too weak to cause clipping

optoDAS

13:41:40 13:41:50 13:42:00 13:42:10 13:42:20 13:42:30 13:42:40

W zoomed section

13:41:30 13:41:40 13:41:50 13:42:00 13:42:10 13:42:20 13:42:30 13:42:40




ldentifying (non-) clipping signals:

Although not clipping, signals shows differences

Most notable at wave peaks/troughs

— OptoDAS |
— IDAS

zoomed section

13:41:39.000 13:41:41.000 13:41:43.000 13:41:45.000



—— O0optoDAS
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Average absolute
strain rate for each
channel

c

©
3

0
()
—

shift with maximumgE

0
82
©



i
Tt b

Channel Alignment MiDAS

Average absolute

1.0
strain rate for each
channel _508
n (_-I_U‘ O 6
Determine channel The
shift with maximum 5 0.4
correlation S
O0.2
Shift of 78 0o
channels from ' —200 0 78 200 400

Channel shift

optoDAS to IDAS (iDAS w.r.t. optoDAS)




Average absolute —
strain rate for each IDAS
channel

Determine channel
shift with maximum
correlation

Shift of 78
channels from
optoDAS to IDAS

Channel

channels



Hard o say for now

burled —— optoDAS
iDAS

mirrored

gutter gutter
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Differences in OptoDAS and iDA@“’:

Short answer: the light pulse

IDAS: 50 ns (covers 10 m in fiber) of constant frequency

optoDAS: 5 us (covers 1000 m in fiber) with linearly changing
frequency (“sweep”) between 250 MHz and 350 MHz

interferometry accounts for frequency



CHT - Dark fiber
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SURFACE REFLECTION REMOVAL TESTS BY
ALEXANDER RISTICH AND EN-SIH WU

20231002-20231003

MiDAS



2D FFT
decomposing the up-gong/down-going waves
Testing Models

downgoing upgoing mixed




2D FFT, Restoration of the signals
Careful for the boundary effects (Partially distortions)




2023-02-08
10:50:00 — 10 7
minutes 50 —
(Local 5.6)

Raw data -> Raw data > ' Raw data >
| 2D-FFT i i { do integrafion 1 5 2D-FFT -> do
00— Up-going 00— ——= to strain -> - 00— ‘j integrationHo
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Summary MiDAS

e EMERGING TOOLS FOR IMAGING THE OBJECTS WITH HIGH SPATIAL AND
TEMPORAL RESOLUTION

* (GOOD CORRELATION WITH THE LITHOLOGY
» STRAIN AS A DIRECT RESPONSE TO RIGIDITY (SENSITIVE TO FLUID)

« HANDLING DATA WITH CARES (REMARKS)

SATURATION ISSUE
OPTICAL SPIKE BEYOND 20HZ

COUPLING ISSUE
UPGOING AN DOWN-GOING WAVES

 BiIG DATA MANAGEMENT
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HelmholtzZentrum STTVIO RADOMLE
PoTspam DI GEDRIIEA E VILCARDLOGA

Galileo Conference Series

“Fibre Optic Sensing in Geosciences”
17-20 June 2024

Catania, Sicily (Italy)

Palazzo Platamone - Convento San Placido
Via Vittorio Emanuele II, 95131 Catania, Italy

Theme and objectives

The conference “Fibre Optic Sensing in Geosciences™ aims to foster discussions among the diverse community
involved and relevant to this field, including geoscientists, photonic experts, instrument manufacturers and
fibre-optic network providers. The ambition of the conference is to identify pathways for leveraging fibre optic
networks and fibre optic sensing tools to improve resilience and sustamability m our modermn Society.

Programme

The conference will take place over 4 days covering 5 scientific sessions, and a field trip at Etna volcano.
The sessions will address key topics:

1. Fibre optic sensing: Principles, Techniques and Solutions

2. Fibre as a sensor for geo-hazards and geo-energy systems monitoring

3. Fibre optic sensing in extreme environments

4. Processing, modelling and artificial intelligence for fibre optic sensing users

5. Leveraging existing fibre optic networks for improving resilience in our modern Society

Each session will last half a day and comprises a combination of oral and poster presentations and one time
slot dedicated to a specific break-out discussion.

Schedule

16 June 2024: armival, ice breaker

17 June 2024: sessions 1 and 2

18 June 2024: sessions 3 and 4; Social dinner

19 June 2024: session 5; “Ask me Anything” session; wrap-up session
20 June 2024: field tnip: Etna volcano

21 June 2024: departure

Organizing Committee Contacts

Gilda Currenti (INGV, Italy) Philippe Jousset (GFZ, Germany) Gilda Currenti: gilda currenti@ingv.it

‘Veronica Rodriguez Tribaldos (GFZ, Germany) ~ Shane Murphy (IFREMER, France) Veronica Rodriguez Tribaldos|verort@gfz-potsdam.de]
Giorgio Riccobene (INFN, Haly) Rosalba Napoli (INGV, Htaly) il philippe j giz-p L
Stephanie Donner (BGR, Germany) Salvatore Viola (INFN, Haly)

Heiner Igel (LMU, Germany) Flavio Cannavo (INGV, Italy)

Kuo-Fong Ma (Academia Sinica, Taiwan) Giuditta Marinaro (INGV, Italy; EMSO-ERIC)




Milun fault Drilling and All-inclusive §

MiDAS observatory at beautiful Chishintan (-£E)

@MIDAS site
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first 5 sec of Mw 6.5 event
— no clipping on all channels

20
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Fiber installation completed beginning of
September

On Sep 17 start of large earthquake
sequence in Chishang, appr. 110 km S
from test site

Since then: over 30 earthquakes MW >
3.5 recorded on AutoBATS

Lucky coincidence: entire sequence
recorded by optoDAS & iDAS (originally
planned only for a couple of days) on the
same fiber

>> Chance for comparison <<

Elv. (m)

Depth (km)

2022-09-17 21:47 ~2022-09-19 12:00
Al p|cked even’rs 1223

%mﬂH Kuo-Che ’?133

ﬁiﬂﬂﬂfni

Distance (km)



Preliminary evaluation

Step I: Channel
alignment

Same fiber # same
channel

Select “clean’

(unclipped) signal on
both DAS

éﬁi#?v#
ik MOt

MiDAS



Hole-A, ~#159-#267




25000 (y-axi

Similar depth (~01100-#01159)
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(264-500m, ignored #01160







Raw data -> do integration o strain -

Down-going
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MiDAS



Raw data -> 2D-FFT -> do infegration

Down-going

éﬁi#?v#
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MiDAS



Hole B done

Right after hole B cable installation was done, the single-mode fibre was spliced to iDAS for whole
cable observation and multi-mode fibre was spliced to DTS for cement monitor.

oo 1L i) 1L g1 o
-329 329 0 0 82

Date iDAS internal length Note

iDAS
2022/1/11 DTS demobilization
Hole A (forth) 42 695 737 93 267
2022/1/26 | -189.18 2681.74 hole A surface done
Hole A (back) 737 695 1432 267 440
2022/4/6 -189.18 6863.56 add CHT plus surface B, though laser power cannot reach surface B
due to reflection of fiber connector Surface 1432 1 1474 240 451
2022/4/19 | -315.78 7507.44 reconfiguration of laser power; we aware overall signal became
noisy due to cable damage (dogbite) Surface spare 1474 43 1517 451 462
2022/4/28 | -315.78 7507.44 replace GFZ iDAS by IES iDAS Hole A surface 1517 345 1862 462 548
2022/5/12 | -315.78 7507.44 several fiber connectors are replaced by splicing and now all fibers
can be monitored by DAS Surface spare 1862 160 2022 548 588
2022/6/2 | -315.78 7507.44 hole B done. Hole B DTS starts. Hole A surface 2022 345 2367 588 674
2022/6/6 -315.78 7507.44 cable damage found in the fiber length of 1500m and repair done Surface spare 2367 43 2410 674 685
on the same day.
2022/6/14 | -315.78 7507.44 cable damaage found in the fiber length of 2850m due to road CHT 2410 1050 3460 685 47
maintain and repair done on 2022/04/16
surface spare 3460 345 3805 947 1034
Hole B (forth) 3805 497 4302 1034 1158
Hole B (back) 4302 497 4799 1158 1282
surface spare 4799 20 4819 1282 1287
Hole B surface 4819 1205 6024 1287 1588
surface spare 6024 14 6038 1588 1592

Hole B surface 6038 1205 7243 1592 1893




Fault
Ming-Che Hsieh

Vp: gradually
descending to the
ground surface

'}»»»»

HVZ (artificial)

AAd I Id I I I F= 2 I I3 I A3 d A d S 435492

-200 0 200 0 0
Distance X (m) Distance X (m) Distance X (m)

VEl_ W W_AY
ine_002_7.

‘Time (sec,



2022-09-20T17:30:41.500, My, 3.56

unfiltered filtered (lowpass 10 Hz)
1.01

=
o

o
o

0.8

O
o

0.6

O
~

0.4

i
N

0.2-

o
o

c
o
2
0
O
-
-
o
v
n
n
O
—
O
e
)
N
©
&
| -
o
c

200 400 600 ' ' 200 400 600 800
Channel Channel




2022-09-18T05:54:40.500, My, 4.18

unfiltered filtered (lowpass 10 Hz)
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2022-09-17T18:03:30.500, My, 4.67
unfiltered filtered (lowpass 10 Hz)
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2022-09-18T08:46:32.500, My, 5.18
unfiltered filtered (lowpass 10 Hz)
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2022-09-18T09:39:56.500, My, 5.70

unfiltered
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2022-09-177T13:41:19.500, My, 6.55

unfiltered filtered (lowpass 10 Hz)
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2022-09-18T06:44:15.500, My, 6.99

unfiltered filtered (lowpass 10 Hz)
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¥ CWB EARTHQUAKE REPORT
arthquake No.: 111005
i Standard Time: GMT+8):

Exaggeration: 1/20000

Exaggeration: 1/20000

4

N OO i im0 o a L e

*Fault Zone Multiples after S-wave,

between ~#180-#195

Exaggeration: 1/20000



CWB EARTHQUAKE REPORT
arthquake 11005
tandard Time

Exaggeration: 1/2(

Exaggeration: 1720000
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CWB EARTHQUAKE REPORT

1

4
4
4
4
4
4
4
4
y 4
4
4

km

Receiver ID

50 100

WYYV SR WL W T A T e LS

Depth~30.6km

80

AN m{'l "J', .'J yﬂ \FhaMﬂm“”fw'ﬂm”"wﬂ A s




(REF)

Exaggeration: 1

Exaggeration: 1/20000
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Noae # 01 trace

Deconvolution (#183-#201)/#235

Deconvolution result
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.0l Source term ~ 1 sec

T
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.C
Time [s]

Consistency in Source term through nodes, MFZ amplification, and change in period

Deconvolution result

By JL Liao

Deconwvolution result
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2004-2005 Kuo-Fong Ma 2021~
Institute of Earth Sciences, Academia Sinica, Taiwan

National Central University, Taiwan MiDAS
Milun fault Drilling and All-inclusive Sensing (MiDAS)
~—Fault within 3D crossing-fault optical fiber

ChinShui Shale: @ || 20180206 Hualian Earthquake

A\TCDP

Taiwan Chelungpu-fault Drilling Project

Hole-A, Hole-B

Hole-A g .
Hole-| Milun Fault recurrence inferval < 100 years Borehole
sy s . Seismometer
= Hole-C:

Fluid and

gas monitoring

https://www.elab.earth.sinic
a.edu.tw/midas-metadata

A Review of the 1999 Chi-Chi, Tai
from Modeling, Drilling, and MoniTo
Taiwan Chelungpu-Fault Drilling Project

Ma K.-F. (2021) doi.org/10.1007/978-981-15-6210-5_4
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http://www.icdp-online.de/sites/chelungpu/index/index.html
https://link.springer.com/chapter/10.1007/978-981-15-6210-5_4

MIDAS: Milun fault Drilling and All-inclusive Sensing

Retrieved Cores

l. Drilling plan as the site characterization:
(a)

1. 700m at the eastern side of Milun fault. oo — Conglomerats
Expecting to hit the fault around 450m, coring from 350-550m (200m core), C

/" casing with optical fiber for DAS/DTS
(Distributed Acoustic Sensor/Distributed Temperature Sensor)

2. 500 shallow hole at the western side of MLF (DAS)
3. Logging

‘4— Milun fault zone —>

Il. Observatory (7”)

1. Seismic array (full band, short period), vertical and cross fault

2. DAS (Optical Fiber): vertical and surface 3D array layout setting

=> micro-seismicity to map tectonic structure in the junction of subduction zone,
Central Range Fault, Longitudinal Valley fault
And, Next Ryukyu Subduction Zone Earthquake, M8+?

=> Earthquake Nucleation Dynamics, Slow Earthquakes

3. DTS: temperature monitoring for earthquake energy budget

4. Gas and Fluid Geochemistry measurement (Hole-C)

=> Role of fluid, precursors (next Ryukyu subduction zone earthquake)

5. GPS (dense surface high rate GPS)




Bosehole depth (m)

20220322 M6.8 &20220620 Mé. . . .
e rihocake Somemees ¢! Downhole Crossing fault Fiber Sensing at depth

(M3.8-M6.8) Observation from Local/Teleseismic Earthqua

High-resolution asymmetric features of a very active faul
from downhole optical fiber and cores

Fault zone amplification: frequency independent =>
material property related.
local/teleseismic; P-wave/Rayleigh wave;>1Hz/<0.1H;

> . 3 .0 . 7. [ £
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Milun fault Drilling and All-inclusive §

MiDAS observatory at beautiful Chishintan (-£E)

@MIDAS site
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