NEUEBREX®

7t D 7 )\ sTRIOFALHEANCH TS
N2 B

—a1—J0L Ot = RS
2023512 H

ALL RIGHTS RESERVED. Kishida@neubrex.com

THIS DOCUMENT AND ANY DATA AND INFORMATION CONTAINED THEREIN ARE
THE PROPERTY OF NEUBREX CO., LTD (NEUBREX) AND COPYRIGHT. NO PART OF
THIS DOCUMENT, DATA, OR INFORMATION SHALL COPIED AND OR REPRODUCED
IN ANY MANNER OR USED FOR ANY PURPOSE WHATSOEVER, EXCEPT WITH
THE PRIOR WRITTEN PERMISSION FROM NEUBREX.

Copyright NEUBREX 2023 1


mailto:Kishida@neubrex.com

Contents

NELIBREXT

* Neubrex/RFS reputation established at UrTech 2022 HFTS-2
DFOSET Bl D it (How many interrogators?)
KU —TILDOEHEM

* Downhole Optic Sensing Cable at harsh environment

e Helical Surface Seismic of 2C and 3C

DFOSD &x ¥ &[]
e RFAS - slow and fast

e FEIEDAS 3MHz/30Km
o pEHEXIGEIDAS

DFOS from option to necessary

www.neubrex.com



Neubrex/RFS reputation
established at UrTech 2022

HFTS-2
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DFOS Reputation established on frac in HFTS-2, 2022

NELI/IBREXT

Gustavo et al. HFTS-2 Consortium
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Application of DFQOS shale oil field. The direction, speed and size of
each frac are measured quantitatively
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lllustration of SRV and DRV

NEL/IBREX

B5PH LF-DAS
Semser Data (03824 @ 0.1Hz, 1.0m 0.1 Hz Oa1)
~ . .m'c

Frac Height? - <=~

End of Shmulation

Microseismic events
Gustavo et al, UrTec, 2021

SRV observed by microseimic
has big misleading to DRV.
Whiles strain monitoring is
reasonable.

DRV(Drainage Rock volume)

Depth

Strain Change, us

Strain at vertical well

www.neubrex.com



Planar frac and crack swamps

NEUEBREX o

Table 1: Compare of fracture
toughness of shale, glass and

FracturSteel shale Soda-lime | Pyrex glass Steel
toughness glass
MPa.m1/2 0.98~1.8 1.0 2.0 62

(a) (b)

The main view, in the past, was ‘crack
FIG. 2. Fracture surface in the striker impact and the laser loading experi- ’ .
ments: (a) SP111 loaded by HPB one point impact, (b) SP007 loaded by ~ SWarms’ which was supported by DAS
laser shock waves. The arrows indicate voids that initiated cracks. Obse rvation Of frac noise. Howeve r,

Xin-zen Li, et al, 1998 observation of strain ended the

argument and ‘Single planar frac’ with
limited DRV is finally accepted.




DRV is small portion of frac

Producer well
Lateral distance

"

Monitor well

Horizontal distance ———»

Monitor well by strain (RFS,
Neubrex) observation exam the
DRV performance of
nonconventional well.

Dhuldhoya et al, 2022

@ ,

r—— Well D
= Shut-in

Well C
Shut-in

Strain

—
1 day Time

Strain vs time at 3 discrete monitoring well depths depicting effective fracture connections to specific wells

NEUEBREX o



DRV is small portion of frac

NEUEBREX o

 Recent studies (Raterman et al., 2017,

S 2 ‘ 2019, Karan et al, Li et al, 2022) have
“- oo
S £ | demonstrated that proppant can only

O
% E = > propagate in very short distance along

C . .
% E - the hydraulic fractures compared with
§ O N entire hydraulic fracture length.
5O \

2 DRV ~ 10% of SRV
Monitoring well measured depth
¢ 1,000 *  The present recovery rates from the

unconventional reservoirs are low, i.e.
around 16% ~26% |

Dhuldhoya et al, 2022




E and P? now stress more on P (production) e

M SM Interferonce Testing 14H Strain and Pressure Change
18 1
Design|New Fracs Rofrac Strain Final POP Strain

S 1 T T e | For tight rock, strain is more effective than
o pressure

RFS-DSS strain change waterfall plot during the initial interference
testing. Each external gauge is placed at its measured depth as a

- dashed line. As the gauges are drawn down, a colored line will
: deviate from the gauge location. Vertical dashed lines represent
* £ 1" when individual wells were put on production or had choke

“ changes. The left edge of the Figure shows triangles representing
cross well strain intersections during the 5H and 3H refrac and the
= wells respective completion designs. Two logs are overlain on the
« data, the DAS strain change during the 5H and 3H refrac (left log)

« and the final strain change at the end of the interference test (right

u « log).
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Value Chain and Architecture

NELI/IBREXT

Information expert
team

Value/communication

- Running cost

Installation - Reliability of service

(Local office)
Industrial production

Develop specific machine
For manufacture cables

Interrogator
Units

Cable Functions and cost impact in E&P
Pressure
Strain (Acoustic)
Temperature
Harsh coating Chemistry
Pure Silica Reliability- fatigue life

Done

www.neubrex.com Kobe/Houston/Baden
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XU Tr—DIDORMER (1)

Downhole Optic Sensing Cable at harsh
environment
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DFOS trom single FO to composite of FOs

NEL/IBREX

DFOS =T, ¢, A
By single optic fiber

DTS — dominated by Raman
Need MMF for precision

* DSS — Brillouin like PPP-BOTDA
or single end PSP-BOTDR

e DSS — RFS ( Rayleigh Intensity
Pattern)

* DAS — Rayleigh phase shift

DFOS = P (HPHT downhole )

need multi-FO in one cable but still is a line
information

* DPATS have 3 optic fibers

» ‘loose FO’ in FIMT for temperature
» SK wires for absolute strain,

» H-FIMT pressure cells in space of designed span at
precision of 1 psi.

Strain-Fiber

T-Fiber  P-Fiber cell

Hole as pressure  Pressure precision better than 1 psi!
channel




Lessen learnt in the past 15 years

NEL/IBREX

/ What was wrong? What can we do next? \
regard DFOS as a large scale commodity DFOS is a small scale but high-tech business
= lower unit price x large quantity - high unit price x small number x high reliability

Need many companies on tec and cost competition =~ Few companies, now the uni-pole of Neubrex is the fact

= many kinds of products, cost reduced by expand of number - stable price x reliable selected products x data processing. interpretation fit
operator’s needs

Grow market Limited market and exceeded
= No expectation for big growth in predictable future. - stable price x reliable selected products x data processing. interpretation fit
Both operators and service majors are expecting operator’s needs

\ sustainable, not expand /

The close cooperation between operator and service sides is needed to make a ‘domestic’ solution.

www.neubrex.com 15



Risk No.1: Tough installation request

* Load request during cable

installation in horizontal
well.

Coompression force F (klb)

[*2]
o

—
o

3 8 &8 8

o

C—)

Safety method
established

With centralizer
L=43ft

- Contact force + 3500

L 2000 8

Contact for

Py
o
o
o

- 500

0

0 2000 4000 6000 8000 10000 12000
Bit depth (f)

14000 16000

Results of cable load during installation

* Downhole cable

strength quantitatively

certificated by Fiber
Optic sensing criteria.

Step load 7.2mm DPATS

—7.2_P4_Test_1

Method and results of cable strength test in plant

16



2

Cost and Failure rate are still high

NEL/IBREX

Zgabay Al4H: strain change rate

- v P Jin et al, 2023,
N ' Haustveit et al, 2023 §°~ o
140004] 013 \
.; 010 3 =51
+ 14451 T : ' ! ) m \
0 15000 » ‘ . L ‘ | : - % % . \._\\
& , - ; 0.00 § g \\v.
o 5 ®© -
= 16000 sl O 197 o
% ’% . /\
oloa 5_,-’ =20 "\ \\__\\\/
17000 { 015 o ™
—25 - Ny A
L6730 - Measured Strain Change N
18000 _30d Corrected Strain Change A
0 2 4 6 8 10 12
L . Time (days)
Risk No.2: Terminal failure Problem No.1: Slippage of loose tube

www.neubrex.com 17



Neubrex Armored DTSS Improvements over Traditional
Cables

The cable size is 0.288”. Fit the proven Cannon
clamp which is possible to fix 2 other
‘conventional’ cables or control lines.

Proven centralizer and cable protector A
installation procedures. T
; : ; e ?//—,.‘ A 2 A
Fits through casm%/tubln hangers and A e
conventional well heads that keep the strength B
s, W e oA

and reliability of the fibers in the cable.

.'/////I//l//

Standard size and installation hardware
reduces the installation ops and provides cost
control.

FO is fully embedded inside silicon resin thus

are chemically protected against acid and other

]ggwnhole fluids and gases that may darken
ibers.

Conventional metal is GIP. However, user can
choose stainless for high corrosion fluids such
as Carbonic Acid with is crucial in CCUS.

1.35 mm braided

strain FO module -
developed [ Pr——

STRICTLY CONFIDENTIAL NEUBREX ENERGY SERVICES (US), LLC

18



Quantitative Strength Analysis on Fibers In DSS Cable

NELI/IBREXT

Strength of FO Safety factor (failure Installation results in horizontal
module rate) well

(N/mm)

P-fiber: 2 1 break near peak load in

580 (5%) horizontal 10,000ft

T-Fiber: >1720 6 (4/Million) No break

Convention: 6 (4/Million) No break

>2000

New cable 5 Should be survived during

> 1200 (0.000057%) installation

How to link safety factor with
failure rate To * Number in circle is safety factor.

 Shadow area is the failure rate
N

30 20 ¢ y 1o 2a@ +00
X

STRICTLY CONFIDENTIAL NEUBREX ENERGY SERVICES (US), LLC 19



7

Field Installation on 12,500 Vertical Well. Successful v
Installation dSame tools which were used in other installation
7 were used here and proven

- \
r : =D

Cross-coupling
Clamp

STRICTLY CONFIDENTIAL NEUBREX ENERGY SERVICES (US), LLC 20



Cement front

at right depth
and exact time of
operation

MD, ft KB
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b strain cha nge rate :
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Oct 18

Oct 18

Example of Rayleigh Frequency Shift Distributed Strain Sensing (RFS DSS) strain change results after
installation of the DSS Cable outside of Pipe and Cemented into well. The cement front was clearly
observed with high resolution and quality. The know-how of DSS fiber optic cable installation is achieved.

STRICTLY CONFIDENTIAL NEUBREX ENERGY SERVICES (US), LLC

21



oo Tr—JILDOEHER (2)

Road to 3C surface seismic by helical

Omni-seismic was the target since 2016 (As MFOSS JIP of Neubrex and Petronas).
The effects of helical is limited by the small size of downhole cable. However,
surface cable can expect a good helical effects, and better impedance matching. 2C

to 3C Surface Seismic Cable (SSC) in rapidly on the way of developing.

www.neubrex.com Kobe/Houston/Baden
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From GNR to Surface Seismic application

NEL/IBREX

~
FO helical Shealth Real core
pitch(mm)| FO D(mm) a (deg) cos”2 .
length(mm) thickness (mm)
GNR Inner 360 11.5 361.8 84.27 0.010 800
outer 360 15.5 363.3 82.30 0.018 2.2 800
Surface Seismic  |helical 100 20.0 118.1 57.86 0.283 2.2 800
Ref. paper 105 20.0 122.4 59.10 0.264 } / /
N %
SS-cable model Outer sheath removed Inner sheath removed
/ i straight

Outer sheath

Inner sheath

Helical #3

Outer and Inner sheath

www.neubrex.com 23



Inversion theory: Mechanics

NEL/IBREX

felt by three helical fibers

En1 = Epg = Epz = §;sin“a + k Pcos* a

Pure axial strain Pure pressure
- PR
Axial strain ] — Ca R
- . . P A
-] felt by central straight fiber = /“‘D
£ = &, [ _a— Only helical fibers can feel the pressure
f e _ 2, — (2 2, — 2
/ felt by three helical fibers e Ep = & COS™ @ = D 1)cos“a =kPcos“a
B En1 = Epy = Epz = & sina =
l k < 0, pressure-strain coefficient
N -
N
Pure axial strain + Pure pressure the value is when &, is zero.
Strain Then you can still see the signal
felt by central straight fiber of seismic, that is the portion
& =& perpendicular to cable

www.neubrex.com
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Inversion: Obtain Strain Rate and Pressure Rate 0

NEL/IBREX

. . . -1 . .
* Through conducting the inversion s = (ATA + 2%2¢"c) "ATe,, strain rate and pressure rate are obtained.
Inversed axial strain rate Inversed radial pressure rate
0.00 200 0.00 0.6
150
0.021 0.02- oA
100 %
212 - 12 02 2
‘s 0.04 - 0 ¥ E 0.04- 3
b o ¥ b 00 g
E 0.06- E g 0.06 1 g
= Gl = 023
v v
-100 £
0081 0081 25
-150
~200 | -0.6
15 0 15
Length (m) Length (m)
Trace at 0.05 sec Trace at 0.05 sec
150 1 == inversed strain rote N i — In¥ersed pressure rate ,'"'l
l‘ lu‘ 075 f ‘1
100 vl \ o | |n A
- ,l \ g 0.50 H 1 "/ x.
:% 50 = \ g 025 4 ,- \l :’I “.\
% ," ".. ; \| ‘ 3 0.00 r‘/\”‘ .l‘»v’/ \L\ ™ | hl .J‘ le‘n
e © 4 hd \ 7 [ vy | \ | \ A
; \.l y / §—0.75 ‘\,n" \|\ "r || |, \ |"
501 \ y € -0.50 e \/ \/
A / o W \J
e | \,‘ ‘/' -0.75
1.00 1 ; ; - -
15 20 25 0 ) 10 15 20 25
Length (m) Length (m)
www.neubrex.com 25



DFOSD&# &M (1)

RFAS — Rayleigh Frequency Acoustic and Strain

Capable from slow to fast.

With fingerprint remembered as initial state, and can view the history of changes.

www.neubrex.com Kobe/Houston/Baden 26
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DFOSD&=FEIR  (2)

BEEDAS 3MHz/30Km +

Capable from slow to fast.

With fingerprint remembered as initial state, and can view the history of changes.

www.neubrex.com Kobe/Houston/Baden
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REFRHE S

R DASDEL DA (NEDOS¥ _EEFT)

NEL/IBREX
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DFOSD&=#FEIM  (3)

o M 2= 5 o B DAS

Capable from slow to fast.

With fingerprint remembered as initial state, and can view the history of changes.

www.neubrex.com Kobe/Houston/Baden
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Q-value, V

1/Q values in time

5mJt/ULXRITE
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1
! " N 3.6

3.2

1 42.8
12.4
bo. . . . 12.0

11.6

1.2

0.8

0.4

0 1 2
I-value, V
Good signal S-sional
S=A+N :signa
A: Truth

SNR=S/N~3 =1.7dB

N: Noise

sNiESHl

1/Q values in time

L

NEL/IBREX

4.0
3.6
3.2
2.8
24
2.0

1.6

1.2

0.8

0.4

0.0

> !
: :
-1 :
) —‘1 (l) i
I-value, V
Bad signal — BIINIMBZRZ IR0

(Phase fading)

www.neubrex.com
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Dark pulse to achieve higher Spatial resolution (FREfthtt)

NELI/IBREXT

*8 .
R 22 R 93 AR
+—>
2" pulse 1t pulse :
IRE
L Vi N =
ZEfal D AR EE

200MhzDAOMZE UGS, Y LT B0FEI(E5ns (50cm. One-sigma) , Dark PulseDfEIfR(&
1mLx—Ft“%7-d:L\o

www.neubrex.com 32



§
° ° ° ’ 5%
Noise floor comparison with other manufacture’s DAS 4
NELIBREXT
Comparison under Neubrex Manufacture B
Condltlons (a) Neubrex DAS, silent area (b) Manufacture B DAS, silent area
* Same gauge length 40m ' ; T WS ; ;
2 50 l‘r h( Ul AP & 2
* Same |U-rate 500Hz * 11 ) f i
 Same fiber under test A el (R X [ sl QRN R
: . . . - g ~ ek SO B IT g
As shown in right figures, silent JE& "3 § 50 N SR g Wi ° 3
o & a . &
area (waterfall) and PSD result are - S O e AP TR N =
iven, and the noise floor are - . R
8 ’ ) Neubrex ‘7 4. ! Manufacture B
summarized in table below. L ; : : 2 A dbic L3 NETREIECIE
Superiority of Neubrex DAS is
ObViOUS (c) Neubrex DAS, noise floor (d) Manufacture B DAS, noise floor
T Lowest noise floor (10 -100Hz)=-71.19dB = y Lowest noise floor (10 -100Hz)=-44.09dB
-20 -201|
Lowest noise floor winthin 10 -100 Hz 5 Neubrex " '\\ Manufacture B
. Manufacture B Neubrex DAS E g N
PSD unit % 40 B -40 —
gauge length 40m |gauge length 5m |gauge length 40m g--- ---------------------------------- ------jg ----------- “-"*‘az:;\-_~ -----------------
dB radian’/Hz -44.09 -54.40 7119 2 ' 2 o
2 £ .l & |
dB ne‘/Hz -35.66 -45.97 -62.76 = \ I =60
__=7D.\_\:-=.__~"U'\NL.._'.~.JL& - N T o s e L -
803 50 100 150 200 250 ) 50 100 150 200 250
Frequency (Hz) Frequency (Hz)
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Saturation observed by beam Vibration experiment

Measurement performed at:
Interrogation rate: 5ksps
recording time: 5 min
Vibration starts from ~3 sec

This measurement aims at demonstrating the
vibration decay with time, so we measured a
long time, 5 minutes. The temporal signal is
given in Fig.1. It is seen that the decay
pattern starts from ~10 sec, and the
maximum strain is 79 U €.

According to the decay trend plotted on Fi
with red curve and the experien
vibrating the Al plate, there sho
larger strain in the range of [3sec,10 sec], but
there is not. We think that the reason is the
failure of unwrapping, because the strain
changes too much (unwrapping condition is
not satisfied anymore) between the adjacent
pulses during this period.

The zoom-in figure is given in next page.

80000
T 60000
g 40000 -
H

# 20000-
v -20000 -
F

g -40000
s

-60000
-80000

acoustic straln [nano strain]
’

S807.6

Fig.1 Temporal signal and distribution along distance

Trend Graph

! |
50K 100K

|
150K
Time (ms)

Single Graph

200K

"

NEL/IBREX

I
250K

1005 1010 1015 1020

1025 1030
Distance (m)

1035

1045

www.neubrex.com
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DFOS from option to necessary

Capable from slow to fast.

With fingerprint remembered as initial state, and can view the history of changes.

www.neubrex.com Kobe/Houston/Baden
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Neubrex Group: | Neubrex | Energy Services | Infra
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American Center
Houston, USA

Field Service,
E&P technology
Software
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Data service, Cable

Europe Center
Baden, Switzerland

0
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Headquarter.
Kobe, JAPAN

IU, photonics, FOs

www.neubrex.com | Kobe | Houston | Baden
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Evolution of Neubrex

Team perfect for the value chain of M-FOSS. Provide one-stop shop for all the fabrication, field

deployment, data analysis and service, and inhouse operator experts to provide value to the
customers.

Photonic team Data/Analysis Team Operator Expert Team
Creative Only-One Boardless data service, Key persons from ConocoPhilips
interrogators in DFOS as processing and analysis team and Shell in their DFOS team.
Japanese national team. Data to information 100% self + plus Petronas leading
Technical roots from 1987 developed software tools on

InterNet

2002 2007

t t

Sensing Cable Team Field Team Top page of JPT
Fabricate Fiber Optic sensing Partner of biggest installation Downhole Strain introduced to
cable from NEEDS and company (SageRider) and own petroleum 1%t time in history.
POSSIBILITY field technicians. Direct sales to Exxonmobile and
Experts 40+ know-how, Most experiences team on meeting in its head quarter
worldwide facilities committed downhole cable. during Kishida visit.
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