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Rockmass response monitoring in deep mining using DAS and DSS
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ABSTRACT

The mining industry is undergoing a technological transformation in the way it collects and utilizes
data. One technology leading this change is Distributed Fiber Optic Sensing (DFOS). DFOS
technology can tackle the complex issues of mine safety and operational efficiency. It allows for
continuous, real-time monitoring of temperature, strain, and seismic activity. Compared to traditional
sensing methods, DFOS acquires data with fine spatial and temporal resolutions, thereby enabling
advanced monitoring for improved safety and stability of mining operations.

Adoption of this technology encourages mining companies to innovate and improve on traditional
data collection practices. Implementing DFOS improves the predictive accuracy for identifying both
small- and large-scale geotechnical instabilities. While DFOS complements existing hazard
management strategies like Triggered Action Response Plans (TARPs) and "traffic light" warning
systems, it can surpass these traditional methods It is straightforward to deploy fiber
optics cable in and around the mine’s infrastructure at long distances. This enables the DFOS to
acquire many data points (as if we have a sensor every meter) and therefore monitoring a large volume
with fine resolution.

This paper explores applications of DFOS in mining, through some examples and case studies. It
discusses the technology’s status, advancements and limitations. Special focus is given to challenges
related to block cave monitoring and instrumentation, which are particularly problematic in terms of
visibility and data collection. By integrating DFOS into mining operations via existing or specially
drilled boreholes, or by instrumenting drifts and shafts, mines can enhance their monitoring and
decision-making capabilities.

1 ROCKMASS RESPONSE monitoring and imaging. DFOS technology has

MONITORING USING DFOS

Rockmass  response  monitoring  using
Distributed Fiber Optics Sensing (DFOS)
technology has been used in underground mines
over the past few years with potential to become
a primary platform for continuously assessing
the state of the rockmass, allowing proactive
decisions (Furlong & Anderson 2022). The
system typically comprises Distributed Acoustic
Sensing (DAS) and/or Distributed Strain
Sensing (DSS) technology and can monitor for
multiple parameters such as low frequency
changes in strain (often referred to as “slow
strain”), absolute strain and microseismic

a long provenance. DSS (Parker et al, 1997) and
DTS (Farhadiroushan, et al, 1997) have been
operating commercially from the 1990’s and
DAS from a decade later. DFOS has been
applied and is rapidly evolving in other
industries such as alternative energy (Binder &
Abatchev 2021), environmental and earth
sciences (Hudson et al. 2021), infrastructure
(Monsberger & Lienhart 2021), carbon capture
and utilisation (Hopkins et al. 2021), oil and gas
(Jin & Roy 2017), and mining (Alkhaffaf, S, et
al. 2022,

2018). In mining applications, DFOS has been
used for seepage and structural integrity

1583


https://doi.org/10.36487/ACG_repo/2435_R-06

9th International Conference and Exhibition on Mass Mining, Kiruna Sweden 17-19 September 2024

(2] & vy # - ( . % ) *

% ,

) * 5%, * 0 o) i L) 0 g
05 # * .

Length along fiber (m)

A
&

7/10/2022 7/15/2022

71/2022 7/5/2022

Optical fiore—__ # 1 1 Uy ¥
el
“---..\ 1
Backscattered light returning 7 X
to the t t
o the !mp\!\:ﬂ ure sensor — - - ! &
2= ™ "
/ Laser pulse propagating
\ through the fibre
\f\_
— " "
— 1" 1

>

Backscattered
Intensity

)

Rayleigh
(same wavelength as ) ) ’ $ - ’
incident pulse) * [} ]
5 0 ,

Brillouin .

(Anti-Stokes)
\ 0
Raman Raman 5 /0
(Stokes) I (Anti-Stokes)
. ’

Incident light Frequency




9th International Conference and Exhibition on Mass Mining, Kiruna Sweden 17-19 September 2024

Oll

y -

%

+ .
*, -

&9 : M9

* % .

2,500-meter borehole

‘

Baird et al, Geophysics, 2020

( ") 1!

HoH% "

~\v/

+*

%

%

Oll

o™ , )
1
9 )
) 8
$




9th International Conference and Exhibition on Mass Mining, Kiruna Sweden 17-19 September 2024

Measured Depth [m]

8

Measured Depth [m]

Oll

0.1

$ 1

0.2 0.3

0.2

Time <]

DAS

100 4 o 4 $.
20 > Oll
60 o) ) * 0p
40 % ) * +
20 * ! 5 ,
0o ’ " "
4 .
“ ) % o =
40 4 .
60 *
< ( :#5 4 *
g 100 b
0.4 05 06 % i $
5 * ) , *
100 4 . %
80 4 5
60 * 1 * %
w * U] ) s ) *
. , 5 4
20 > % -

=)
[ne]
-
o/

40 ’,’ bl *, 7
60
= 100
0.3 0.4 05 0.6
Time [s]
( 1 '
) ! n
2 * )
1) 71%
) ’ T
. ) 1 ]
- ) | |
y - * % ! ]
) !
, ( "
5 *
OII . *
. *
0.. “ .1 ’ ’
- 0 =
. ) % $ .



9th International Conference and Exhibition on Mass Mining, Kiruna Sweden 17-19 September 2024

hazard in mines. Equipping existing boreholes
with  fiber would allow the hydraulic
precondition program to be mapped similarly to
how microseismic is mapped for oilfield
fracturing operations. Fracture dimensions
determined from microseismic will help
evaluate the total stimulated rock volume and
the general efficacy of the program.

There are inherent limitations and challenges
with DAS that need to be addressed. DAS is
most sensitive to strain along the fiber axis and
least sensitive to orthogonal strain. Although
DAS arrays are designed to be insensitive to
primary waves arriving orthogonally, slight
deviations from 90 degrees can still produce a
detectable  signal. Determining  event
magnitudes is also more complex with DAS, as
it records strain rates rather than velocity.
Converting DAS responses to displacement
requires careful consideration, but studies have
shown a strong correlation between DAS and
geophone-calculated magnitudes, Figure 7.
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Figure 7 Seismic magnitude correlation
between DAS and geophone data.

Lellouch et al., 2020.

1.2.3 DAS and DSS for strain measurements

The same DAS and fiber optics cable used for
acoustics measurements, can also be used for
strain measurements. DAS interrogators allow
for dynamic strain measurements with their
ability to measure very low frequencies. While

geophones signal becomes aliased below ~10-
15Hz, DAS has a flat system response to near
DC, meaning it can maintain accurate
measurements below 0.1Hz. DAS has been
tested for the measurement of insitu stress in the
rockmass using inversion algorithms, (Ohanian,
2021). DAS is also commonly used in oil and
gas hydrofracking applications to detect fracture
hits and clusters of microseismicity associated
with the injection process, (Pichter, 2019).

ADSS integrator can also be used in conjunction
with a DAS unit for Rockmass Response
Monitoring. DSS utilizes the OTDR principle,
like DAS, but specifically measures Brillouin
light shifts to determine strain along an optical
fiber, Figure 8. This method is sensitive to both

assessments often require complementary data
from a high-resolution DTS depending on
temperature variations along fiber.

While DSS excels in measuring static, absolute
strain, offering immediate strain profiles upon
installation, its dynamic strain tracking caps at
around 10Hz. For faster strain changes, DAS is
preferred, capable of higher sampling rates up to
100kHz and finer resolution, though it only
measures strain changes, not absolute values,
(Furlong, et.al 2023). Some DSS units in the
market, with  advanced interferometer,
accurately assess Brillouin shifts, achieving high
strain resolutions and a 60cm spatial resolution,
with 10cm sampling. Capable of monitoring
multiple cables, these DSS systems are versatile,
functioning either independently or as part of a
comprehensive suite including DAS/DTS, for a
wide range of monitoring applications. In
contrast, DAS and Carina systems specialize in
dynamic strain measurements, achieving ultra-
fine resolutions essential for detailed analysis
over large distances.

To accurately measure strain, the fiber must be
coupled to the object it is monitoring, e.g., for
boreholes this typically means grouting. A DSS
system can uniquely measure the absolute strain
acting on tens of kilometers of fiber, and with a
relatively low data volume. A superior DSS
interrogator can have a resolution of £1 @A or
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better with temperature correction, and with a
spatial resolution of 60 cm.
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Figure 9

The combined DAS/DSS strain measurements
provide a higher level of accuracy in measuring
the Rockmass response. Figure 9, from a
DAS/DSS system installed at a block cave
operation, shows how a DAS unit detects a slow
strain (strain rate) event at a specific fiber
location and time. At the same type, the DSS
unit, measuring absolute strain on another fiber
within the same cable, detects the same event at
that time at a higher absolute strain. While the
strain rate on DAS dissolves, the absolute strain
remains persistent on DSS for days. The

combined data, therefore, indicates a fracture
initiation event and the continued strain on the
fiber. In this example, both DAS and DSS units
continue to measure data on the entire length of
cable, past the strain depth. This indicates that
the strain event/fracture has not been significant
enough to break the fiber cable. Once, the cave
back progresses upwards and the fractures
eventually break the cable by design, the
DSS/DAS system continue to measure strain
events on the remaining cable above the cave.

Another example from another cave operation is
shown in Figure 10 where a DAS unit was used
for detecting slow strain on a fiber cable
installed in a deep hole to the side of the block
cave zone. The continuous measurement of DAS
system allows slow strain events to be plotted in
real time and provide advanced notice ahead of
cave/cable breakage to initiate safety protocols
on site.

Depth
T

Time in days

Figure 10 Elevated strain rates on fiber
cable ahead of fiber breakage and
subsequent cave back progress
upwards. Note that the end of the
(broken) fibre is the transition
from data to white.
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using the combined real time strain, and
microseismicity. Further research is required to
assess the capability of the technology for
tracking gradual stress build up and stress
release within the rockmass through distributed
extension and compression analysis on fiber. As
many such systems are installed at mines and
with enhancing software and analytics platforms
it can become possible to map the seismic hazard
proactively at a high resolution and for large
mining volumes.
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