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Who are we

We are the global leading independent provider of fibre optic-

powered data solutions.

Our suite of integrated distributed fibre optic technologies (DAS, DSS &
DTS), provides ultra-high-definition data sets that solve mission critical
measurement challenges in the Alternative Energy, Mining, Environmental

& Earth Sciences, Infrastructure and Oil & Gas sectors.

Our dedicated domain specific teams use their expertise to deliver world
class real-time data solutions. These enable our clients to gain actionable
insight into their assets and systems to increase efficiency, prevent loss,

reduce operational costs and extend lifespans.
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Silixa at a Glance
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Distributed Optical Fiber Sensing Technology

IDAS v2 Carina v3

Acoustics (DAS)
>120dB Dynamic range Carina DSS Fiber Ruler

Strain (DSS)

1 pe Resolution

Temperature (DTS)
0.01°C Resolution

Rayleigh
(same wavelength as
incident pulse)

G ENnhanced backscattering

>

Brillouin
(Stokes)

i’+
A)isudjuj

paJajiedsyoeg

Engineered Fibre
US Patent No. US 10,883,861 B2
EP Patent No. 3265757

Standard fibre

Raman
(Anti-Stokes)

Raman
(Stokes)

Incident light Frequency

<
Wavelength
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A laser pulse launched in to the fibre
Laser pulse propagates through the fibre

Light undergoes a number of scattering process

o O O

A portion of the scattered light is captured and
returned back through the fibre

“. © The state of the fibre is sensed by measuring the scattered light

— \ : Acoustic field
“» Optical fibre

Temperature

Laser pulse propagating
through the fibre

s

Backscattered light

returning to through
the fibre

Strain
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Backscatter spectrum

Rayleigh elastic scattering
g~ 107/m

Raman inelastic scattering
Oras ~ 1011 /m
AA~104nm @ 1550nm (13THz)

AT:0.7% / °C

Brillouin inelastic scattering
oz~ 108/m, 0.3% / °C
AX=0.08nm @1550nm (10.8GHz)

Av : 1MHz / 20ue / °C

<+
Raman inelastic scattering

Ops ~ 1010 /m
AL~104nm@1550nm (13THz)

L

=

Anti-Stokes

Stokes

RN
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Elastic and in-elastic Scattering

In-elastic scattering Elastic scattering In-elastic scattering
Lower energy same frequency Higher energy
down-shifted frequency up-shifted frequency

Stokes Rayleigh Anti-Stokes
scattering scattering scattering

SILIXA
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Optical fibre scattering

* There are three types of light scattered in an optical fibre: Rayleigh, which has the same frequency as the source
light; Brillouin, which has a small frequency shift and Raman which has a larger frequency shift

» Rayleigh scattering acts like a weak mirror (it is the same scattering that makes the sky blue)

* Brillouin and Raman light are generated by an interaction between the source light and natural vibrations in the glass

” Rayleigh
(same wavelength as
incident pulse)

Brillouin
(Anti-Stokes)

Backscattered Intensity >

Raman

(Stokes) Rgman
(Anti-Stokes)
| SILIXA
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intelligent Distributed Acoustic Sensor

Simultaneous measurement of acoustic
amplitude, phase and frequency

40,000 independent measurement points
Acoustic phased array detector




DAS - Listening to True Acoustics

music box quiet box

bubbles

speaking coil tone box

SILIXA
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The Big Note Connection
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way, itis possible to hear a noise similar to that emitted by an untuned radio. The sound o note: PROGRESS
< e e echclogical front. in1991,a promising pa»'.er‘.(i.\l solution was found
R .---. S 25§ R for the mirror problem. Brillet met Jean-Marie Mackowski, an engineer at the CNRS and an
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coating for large Mirrors that met the VIrgo requirements, but undeér the condition that alabo
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YEX it was equipped with instruments capable of producing coatings for the Virgo mirrors. in justa
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I the meantime, Mackowski and Brillet involved Claude Boccara, an expert in metrology. inthe
project. He made an important contribution to solving the problem of the mirrors, providing
the German comparny Heraeus, which at the time produced the best and purest materials inthe
world, with the technology required to measure the tiniest concentrations of impurities.
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At the same time, G 5 .
alized that, despite the resoundin, 10 work on the seismic isolation front from Pisa. He re-

»as or Vicgix the volime ccess of the superattenuator, the “gas spring” technology
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What are we measuring?

spatial distance, gauge length dz=(z.c)/(2.n) Z:

i L1 Zi
effective refractive index n
Sampling interval dr
time sample rate dt
position along the fibre z;
dynamic displacement u(z, t)
Integrating
dz dz dz dz |
u z+7,t+dt —Uu 2—7,t+dt — lu Z+7,t —Uu 2—7,t I
z:,,; = [z, +(dz.c)/(2.n)]
25cm
0 Ju Z,2= (21 + (d7.C)/(2.n)]
fibre strain rate ot ( P Z)
Definition of DAS (SEAFOM MSP-02)
A system including an interrogator and optical fiber sensor that measures dynamic strain
signals at acoustic frequencies at any point along the fiber, as well as the means to process
and archive the interrogation information.
Az STLIX A
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Geophone Equivalent Particle Velocity

Relating strain & to particle motion V
where Cis the seismic wave propagation velocity

e Data can be converted to

u(z,t) = u(g) Displacement wave function GeOp_hone equivalent particle
velocity
@ =(tg+1=z/c) Propagating in time and space * The r.esp.onsfe 9f DAS at a given
| with speed ¢ location is similar to the
Geophone response
_Ou _ 0u . . .
V=58 = 20 Particle motion * DAS is single component and not
triaxial, but does benefit for a
Iarge measurement array
du ou
E= —— = il/C —. Strain rate
0z o
ce= v Relating strain to particle motion

SILIXA

actionable insight

RN



Strain rate conversion

Optical phase shift

] ] l sampling freq (Hz)
strain rate (nanostrain/second) = 115(nm) x DAS values x -
spatial res (m)

A

strain and change in refractive index
through Photo-elastic effect

A

=4ﬂ:n€ﬁK

4

=115nm A=1550nm, n, = 1468 K_=0.73

Strain rate (in nanostrain/second) = 11,500 x DAS Value

|

Spatial resolution 10m
Sample frequency is 1kHz (1ms samples)

(see SEAFOM MSP-02 Document)
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The advantage of true distributed measurements

0 { o v
* With acoustic sensing, the advantage of high fidelity (time
200 synchronised and phase coherent) distributed data collection is even .
more pronounced
400 * For example, conventionally, seismic images are built up from a series n
= of discrete “wiggle plots”; building up a useful image takes significant
£ 600 - cost and time .
§ * High fidelity DAS yields a far more detailed and immersive image in
T 800 - one shot .
S
% NI NT
% 1000 e e
L5
‘m
1200 — -
1400 — .
1600 — -
\ \ | | | \ \
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1

Time (s)

- -
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The advantage of true distributed measurements

v B e e
o T e S
o 4. ¥ AaRws

600

800

—_—
o
o
o

Measured Depth (m)

1200

1400

1600 - - )

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1
Time (s)
- -
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Acoustic Imaging

e The fibre can be arranged to modify its frequency response and directionality

e The fibre can be configured as an acoustic lens / camera (Beamforming)

Directionas,% A eoustie T

Strain vector camera

Linear sensing

S
+—>

A STLIX A
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Optical fibre scattering mechanisms — Engineered Fiber

With engineered Constellation fiber we introduce bright scatter centres to efficiently reflect the light
returning back through the fiber (x100) without introducing significant loss along the fiber

Engineered fiber with
bright scatter center

More photons better Signal-to-noise ratio
but we to precisely control the phase

S/N in shot-noise limit —> VN

Rayleigh
(same wavelength as
incident pulse)

Brillouin

(Anti-Stokes)

Raman

Raman
(Anti-Stokes)

(Stokes)

Backscattered Intensity

Frequency

Incident light
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Enhancing optical fibers

e Standard fiber — worst for signal, best for loss; uncontrolled phase .
relationship causes SNR variation (fading), which is an issue in some - - . '.

interrogator architectures

* Highly doped fiber — higher signal, but significantly higher loss . .. . e . °
increase ° it - .

* Continuous enhanced fiber — much higher signal; reasonable
losses but still uncontrolled phase relationship from multiple
scatterers means there is a limit how the extra light can be

effectively used

* Engineered Constellation fiber — much higher signal, reasonable
losses and distinct scattering locations give control of the optical
signal amplitude and phase: with a highly precision interrogator,

the extra light can be used to reduce the noise floor US Patent Appl. No. 2018/0045543

EP Patent No. 3265757
SILIXA
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Constellation - engineered fibre optic sensing

governed by how much light is returned g | ; | ; STANDARD FIBRE
from the optical fiber | | | | | | |

* We want low loss fiber — to achieve long
range, but high scattered fiber — to get
more signal

* This apparent contradiction is overcome
by engineering bright scatter centers
along the fiber

e Typically, 20dB (100x) more light is
generated than from standard fibre

* Using a matched interrogator translates
this to a step change acoustic noise floor
improvement of 20dB (100x)

L - -
A SILIXA
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Engineered Constellation fiber advantages

* Higher signal to noise

* Fine spatial resolution

* Lower source energy/fewer shots

* Better depth correlation

* Wider dynamic range

 Wider Aperture

* High-performance low frequency response
* |Increased loss tolerance

— Long-offset subsea applications



Higher signal to noise performance - Complete Clarity

Background noise Water noise

Sound of Silence Complete Clarity

SILEIXA
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VSP comparison

Higher
Signal to noise

500+

1000

1500+

24 © Copyright Silixa Ltd 2021

/Engineered

iDAS, stack of 38 shots

SNR = 25.95dB
\‘-”l,\t.{f,’l}llu\l\n;uunn;qu
i

0 : 1.\'«

I l ! 1 ¥ {
200 \\‘;}! J '.H,

'. i
400
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800

Measured Depth (m)

1000
1200

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time (s)

Measured Depth (m)

200

400

600

800

1000

1200

Lower source effort

Carina, single shot
SNR = 25 94dB

AZ SILIXA
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Reduced source energy

* Constellation performance allows large, expensive, manned sources to be replaced
with autonomous, small, permanent sources

Large vibe source Small stationary orbital vibe source

Geophones, 2017 Constellation, W Constellation,

500{S 500} e

1000+ 100045 \

15004
High cost, high environmental impact, non-continuous = —————) Low cost, low environmental impact, continuous
—
Az STLIX A
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Wide dynamic range

Fracture monitoring in the treatment well

SILIXA

actionable insight
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Wide aperture microseismic event detection

Engineered Fiber

Fracking
event

%)

SILIXA
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Enhanced Low-frequency sensitivity

Ground displacement noise, Zmin, mMz%°

Geophone SG5-SG10
Low Noise Model

== DAS Lo=10m

- Eng. DAS Lo=10m
wa Seismometer STS-2
== Eng. DAS Lo=30m

==

Frequency, F, Hz

10

e 10km Array
e 1013 with 10m array spacing

Synthetise an optimum low frequency antenna
that is also not confined to a linear configuration

28 © Copyright Silixa Ltd 2021



Enhanced Low-frequency strain

Engineered Fiber

Pump
13600 - I N
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Fracking £ 14000 - -ﬁ-‘f‘. ;mi > 9 T
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Engineered fibre more (g
than compensates for the =

ccumulated loss
- y a S

5dB loss at end of 15km
umbilical fibre, followed
by engineered fibre

Standard downhole fibre

barely visible

- 5dB loss at end of 15km - BP Atlantis system demonstration 6t Feb. 2020

umbilical fibre, followed by
standard fibre downhole



Carina® CarbonSecure™ Summary

Plume Migration

Cap Rock Integrity

. : ™ :
Solution Carina® CarbonSecure Benefits
Distributed . . o . ffecti .
R Sl Real time, on line, modular, monitoring platform. Cost Effective Solution
* Suitable Onshore or Offshore
Distributed' . Operations
Acoustic Sensing %% e g Remote operation  systemsetup * Large Spatial Coverage
) ) TIr_ - DataQC ° H 1 1
Distributed Data Acquisition Silixa’s edge Platform Ci - Remote Support Continuous Monltorlng or
Strain Sensing | On Demand
On Site _ * (Capable of Remote Operation
Processing & Cloud storage & computing .
Structural Faulting Storage @ g oA * Low Energy Consumption
{63*” - Dataintegration * Low cost of ownership
- Dashboard visualisation .. .
. *  Minimum impact to the
Induced Seismicity .
7777777777777777777777777777 Full-bandwidth streaming Environment
- :::a;‘:::sl:i:;e analysis to off-site servers __ R :::'wu:,:: high-speed . Long ||fet|me
i - Data Conditioning & - ata analysis and/or
Well Integrity Reshing & oI :’mthiving'v d/
- On site CPU intensive N —
- o

SILIXA

actionable insight

RN

31 © Copyright Silixa Ltd 2021



Carina® CarbonSecure™ Silixa’s Solution for Safe & Economic Storage of Co2

32

Fiber optic cable
permanently installed
at the time of well completion.

© Copyright Silixa Ltd 2021

Carina ® Sensing System is the core of the most cost effective
permanent monitoring solution because of the 100x
improvement in SNR.

Complete solution built on 3 integrated distributed optical
measurements in one cable, DAS, DTS & DSS.

Addresses current Pain Points
* Wellbore and caprock integrity
*  Plume mapping
* Induced seismicity
* Long step-out distances up to 150km
* Cost
Carina CarbonSecure delivers:

*  Verification the amount of CO, being stored
underground

* Understanding of CO, distribution underground
* Provides assurance of long—term storage integrity
* Minimizes environmental impact.

* Gives lower life-cycle costs

SlLlXA

tionable insight
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CO2CRC Otway project, VA, Australia

Reducing the cost of CO, monitoring by tens to hundreds of millions of dollars over the life
of a commercial project and further development of CCUS programs

 Onshore CUS in rural area P T Ty R k L
15,000 tonnes CO, injection by 2022 at 2.1 km Legrs S 2 T
* Need to reduce environmental footprint

e 2014 first optical fibre cable installed

* 5 wells now equipped with the Carina Sensing System AR
* Additional helically wound surface fibre optic cables srnsooy
* Over 40 km of optical fibre installed (2020) ‘
* Multiple low impact/low cost SOV’s

e (Capable of remote passive or continuous monitoring

UTM, Northing (m)

A TSI
o Bk N s T A

656000 656500 657000 657500 658000 658500 659000 659500

UTM, Easting (m)

Optimal solution for surveillance of CO, Sequestration

(EAGE Workshop on Fibre Optics Sensing for Energy Applications)
- -
; R A STLIXA
© Copyright Silixa Ltd 2021 I\
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POROTOMO -Brady Hot Springs

DAS and DTS were recorded continuously over 15 days while a series of changes o
to pumping and injection were made. :

 DAS and DTS data were collected using a single
cable with multiple optical fibers

* Horizontal/Trenched
e ~8,500 m buried cable length
* Buried1lm
 Sample spacing 1 m (DAS and DTS)

40

DAS Ch 544 ®

T ~Nogel 151 (modified from Miller et al., 2018)
\E m Dlx\eg/alley
;m 5 Reno o Stillwater
§ w s | l | ‘ ’ | & Bl o et
§ P | w | A hoa 1 M \‘ | | | ‘ ’1 ‘|““ ’M»I% | Carson City @ Midd‘oega‘;
g°“—ﬁWﬁWﬁWWM\M i 'NMWN e’ | 4.3 earthquake that occurred near Hawthorne, Nevada.
E"O | l | v s°¥:arét:ke i Yerington Sohue ] . .
5 I “+  Time series of ground motion as recorded by DAS and
3 = kwood : .
g 9 a co-located Nodal seismometer.
E ‘ (modified from Feigl et al., 2017).
4 5 L L g ———
Time (sec) - - ’
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Case Studies— Mapping fault zones

Monterey Bay, California — offshore science cable

Mapped Unmapped
Fault Zone Fault Zone
L Iceland— telecoms cable

g

3
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3
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Microseismic, standard SM fibre, surface — Icequakes

00

Time after 2020-01- XSTOZ 26:49 5980002

= Channel 001
Channel 002

== Channel 003

= =
N = -
02 - S =
S Very fai = .
- > =
= - - ‘wave. ==
- —s = B = — - -
=S ST S |
A= = 3
== =2
YR e = Tt o
s .
3 e s
€ a -2 =
S = EB=_s
- - - -
§ |= = == =
@ - =
E . SF2=E s ==
= s - e
-~ =- e
~ S o= ==
06 {a" — -
R ==2 = -
<= ¥ Icequake

— DAS fibre

Vv Geophone
«>> DAS interrogator (in tent)

ou-'

Wit el

§ \ !

Images courtesy of Mike Kendall & Tom Hudson (University of
Oxford); Antony Butcher (University of Bristol)
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Strain Rate (s?)

Rhone Glacier

 8km surface trenched cable
* Flow velocity 35 m/y
* |ce thickness 200m
R | Surf;ce icequake 10000
A\
500 - Ry 0
- ——————=-10000
o 1 1-30 Hz
100 | i ﬂ P.* (—R Explosion_ 330
0 W“”‘J\} P 500
100 R—>
‘ 1-100 Hz.
Rock fall
500
400 -500
0
e 5-30 Hz
S\ Stick-slip icequake ' -,
500 |
-500 ¢ 1-100 Hz

time [s]

(1-S wu) AxdojeA punoug

Images courtesy of Andreas Fichtner (ETH) and from Walter et al.

co-located channels
* DAS strain rate [107 s71]
e seismometers [nm s?]

N
020 AL STLIXA
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Understanding Volcanoes

Grimsvotn volcano, Iceland - 13km surface trenched cable

4.0

600

600
3.5

400

400

3.0

200

g 2
e 100 3
¢ 3
3 75 200 ®
50 —400
; —-600
8 ' ' = 25 32
\;}6'6 \;31.,00 \;_,\0\ " § =
A g g » o a
Time g 0 o
© o
B 3
14 April 2021 % o =25 @
-50
= intermediate-fre e 7)
= possibly surface
= complex wavefc —100
= strong focusing
|

location near lai

Images courtesy of Andreas Fichtner (ETH) w _— =
A SILIEX A
=\

actionable insight



Geotechnical Monitoring Solutions

DTS (temperature)
Passive or Active Seepage Detection

* Seepage flow monitoring
* Water level

DSS (strain)

Subsidence and Deformation Monitoring
* |dentification of locations with deformation
 Dam/levee breach detection

DAS (acoustic) Subsurface Tomography / Imaging
e Material property changes

* Density

e Saturation

Microseismicity monitoring

w SN A
39 © Copyright Silixa Ltd 2021 g §!!a_bl|¥sight



Ambient noise seismic interferometry

* Small scale & large dams

* Imaging & monitoring

* Body-waves, surface waves, coda waves

e Cables buried at crest & in dam — permanent
installations

* Gauge length comparison

16.468 16.4685 16.469 16.4695 16.47
Longitude

Velocity (m/s)

19-Apr-2020 15:30:.00 ——.
30-Apr-2020 07 00:00 =
10-May-2020 22:00:00 .
21-May-2020 13:30:00 »
01-Jun-2020 0500:00 ~ o
11-Jun-2020 20:00:00 e
22-4un-2020 11:30:00 »

Body wave velocities

3
Normalized 5-wavo velocity Anomaly n %)

Coda wave imaging & monitoring

RN
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Active MASW

* Gauge length comparison

* 100s m survey length 025
without large field team ¢
0.5
. 25 0 25 50 75
Distance (m)
S Wave Velocity (m/s) o
Shotpoint (m) 100 200 300 400

16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48

_— U =
E 8 c
£ = E
a i o
@
a - 53
104
-10 12 A

4 Location of 1.0 Profile Used

14
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Phase Velocity (m/s)

Amplitude (%)
0 20 40 60 80 100

10 20 30

50 2

40
Frequency (Hz)
—— 10m GL
—— 3m GL
T T T T T T T = =
150 200 250 300 350 400 450 ” sl' le
Veloci
eloctty (mis) W= actionable insight



Thank you for listening!
Any questions?

SILIXA
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