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The advantage of DAS and its applications

The o1l and gas industry

Geothermal energy development
Carbon capture and storage
Near-surface geophysics

Engineering infrastructure monitoring
Environmental research

Seismic monitoring
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Challenges in sharing DAS data

® No standard data and metadata
format

® Data volumes are large and
exceed traditional seismic data
repositories



Challenges in sharing DAS data

® No standard data and metadata ® Common seismic data formats
q
format are not a good fit

® Data volumes are large and ® What information is needed for
exceed traditional seismic data metadata?
repositories



Data format between traditional seismic and DAS data

Traditional seismic data:

® SAC (Seismic Analysis Code) format.

® MiniSEED: 1s the subset of the SEED that 1s use for time series data.
® PHS: 1s a seismic data format created by IRIS PASSCAL using HDFS5.

® ASDF: The Adaptable Seismic Data Format, is a modern file format intended for researchers

and analysts.

® DAS data:
® HDFS5 (OptaSense, OptoDAS, AP Sensing, etc.)
® TDMS (Silixa iDAS)
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TDMS data structure

Description
Title
Author

...etc.

~—

e UUT

* Procedure
* Test Fixture
_*...efc.

\‘¥

"+ Name
* Comment
 Unit
* Sensor Info
)

[

For MiDAS project:

Each TDMS file contains 20 sec waveforms
records of all measurement points (nodes)


http://NI.com

Metadata information from raw data of iDAS

'‘name’': 'MiDAS_UTC 20240102 235808.373",
'SamplingFrequency[Hz]': 1000.0,
'SpatialResolution[m]': 4.0,

'Fibre Type': 'Standard’,

'Zone Type': 'Single-Zone’,

'Start Distance (m)': -231.378944,

'Stop Distance (m)': 7213.405839,

'Continuous Mode': True,

'MeasureLength[m] ': 7296,

'Precise Sampling Frequency (Hz)': 10000.0,
'PeakVoltage[V]': 3.3, 'Pulse 2 Delay (ns)': 500.0,
'PulseWidth[ns]': 50.0,

‘Offset (m)': -231.378944, 'Receiver Gain': '70;70;70\r\n',
'Pulse Width 2 (ns)': 50.0,

'Peak Voltage 2 (V)

'1DASVersion': '2.6.1.4"', "'i1DASClockSource': 'AA Onboard PLL’,
'SystemInfomation.GPS.TimeReference': 'GPS',
'SystemInfomation.GPS.UTCOffset': 37.0,
'SystemInfomation.GPS.Latitude': 24.0284553,
'SystemInfomation.GPS.Longitude': 121.629038,
‘SystemInfomation.GPS.Altitude': 38.719,
'SystemInfomation.GPS.SatellitesAvailable': 9,



Huang et al., 2023
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Hualien

DiskArray

48 TB

raw data storage

DiskArray process raw data (*.tdms) every one minute
153 TB and broadcast data stream with the TCP port 18000

360 TB

MiDAS Linux Server
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Hualien Taipei

DiskArray _ ]1. archive data and and broadcast data
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Hualien Taipei

DiskArray 1. archive data and and broadcast data
stream with the TCP port 18000
2. provide FDSNWS web service with port 8080

static [P

raw data storage

Internet
- 300 TB for hot data
DiskArray process raw data every one minute
153 TB and broadcast data stream with the TCP port 18000 |

360 TB
MiDAS Linux Server
Internet

Data capacity / |

1824 stations (~7.3 km fiber)

aAWS 0.00099 USD/GB
cold data ~300 GB/day = ~8.8TB/month W o
HAHERAE

19 for public archive data from FDSNWS or
display near-real-time data




SeisComP Data Structure (SDS)

® <SDSdir>/Year/NET/STA/CHAN.TYPE/NET.STA.LOC.CHAN.TYPE.YEAR.DAY

® archive/2023/TW/00000
00001
00002
01322
01823/HSE.D/TW.01823..HSFE.D.2024.001
TW.01823..HSF.D.2024.002
TW.01823..HSF.D.2024.011
TW.01823..HSF.D.2024.012
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@EarthScope

Consortium

Data Container (TileDB)

* Designed for cloud (object store) storage systems from first principles
(open specification/source)

* Performant multidimensional slicing via tiling

* Support for sparse arrays

* Supports versioning (by time)

* Multi-threaded Read/Write directly to disk or object storage (S3, ...)

Dense array Sparse array

r~n
et My=00.3 N
! -
domain d2 domain L 1
| 2 3 4
dimensions
!
array metadata ' '

. . . . T .m
| ....
I [ [ s
cell (2,4)
<al:int, a2: char var> I
cell (4,4) potential

<al:int, a2: char var> multiplicities

attributes: al a2 empty cell

GNSS data is sparse

TileDB 1s a library that efficiently manages large-scale, n-dimensional, dense and sparse array data.

21



Object storage server
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Summary

High resolution of DAS data provides the new era of the seismic observation
The near-real-time DAS database has been constructed for MiDAS project
Effectively sharing DAS data remains the most critical 1ssue at present

The Cloud application (including computing and storage) 1s an inevitable step for DAS data
processing

26



T

B s T SRR o o e




\ Hole-B Hole-C

Hole B surface (1300m)

. /\

| l

.“,. \ % 4

'{:‘ Hole B (SOOm)

/
/.,

Depth (m)

CHT (700m

.’ ” 4‘ = ‘ '
M.A\ , \ | | ~ — e "'! e ‘%h ¥ ‘ ;l.f
{\ »b .\\’;\. Borehole  Seismometer |, #“va rf}'{ “#W‘& ,\ﬁ:“‘iﬂ* ' ndi)
o T @ BB+FBA [ "m 4 -x#i\n
1| "&*\ ' \\b Optical Fiber ‘ =L "" “% "\"‘» @ | *ﬁ:ﬁ’)q & Wy
L~ * o Ly, ¥ g
. \1 \ & Coring e e _'!\:.
pas Hole A surface (300m) 1000 ,‘ g AT b et iy e e G
H0|e A (700m) s : | I— - : ; mv d\ ‘ ™ J.,‘QV)M:-.*‘;::“
; u 0 e | -500m . 500m
’f ,/,' K " ' “/ r.-’ %

& L&

Courtesy to Yen-Yu Lin
Courtesy to Chm Jen Lin



Fiber of Hole A was deployed on 2021/12/31

from Silixa Ltd
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Laser pulse sent Gauge length Channel spacing

down optical fiber. ,_‘
—

it e ;
Light is backscattered Phase difference
Interrogator processes and measured at Altoad SavEE
backscattered light. intervals of predefined ength ls assigned
to channels.
gauge length.
Courtesy to APsensing

Gauge length: spatial resolution, which 1s generally larger than the sampling resolution
Channel spacing: the distance between consecutive measurement points (sampling resolution)

for M1DAS project: gauge length=10m; channel spacing=4m ; smapling rate=1000Hz
1824 stations (~7.3 km optical fiber)



