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Setting the scene >> Technology >> Examples @
Electromagnetics can immediately support Climate Change battle n

» What are KEY applications?
— Support EV change over— battery material - mining
— GREEN energy — geothermal
— Reducing carbon footprint via CO, sequestration
» Others not shown here:

— EOR - higher recovery factor > lower carbon footprint/barrel
— Sub-basalt & subsalt imaging = lower environmental impact

© 2021 KMS Technologies >20 vyears of excellence in electromagnetic R&D 2




1/6/22

«

»From key to EM

» Picture 3D cube with geothermal and
minerals

» Hardware and sensors
» Lithium example

» Geothermal Hungary
»ND

» Summary
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KEY: Lithium, Geothermal, & CO, storage in reservoirs s
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AT SOURCE
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Setting the scene >> Technology >> Examples O
Array electromagnetics: lonosphere sources of magnetotelluric (MT) field L g

Artist Rendition of Solar Wind
Created by: K. Endo

Photo Courtesy of Prof. Yohsuke Kamide National Geophysical Data Center
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Array Magnetotellurics

«

Measures natural variation of EM field
source: ionosphere & world-wide thunderstorm activity

Source field is handled as plane wave.
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Array Magnetotellurics: Skin depth

«

resistivity frequency

Skin depth = 503 ?) /£ [m]

electromagnetic wave of different periods

D I —

surface

Low frequencies: lonosphere
High frequencies: thunderstorm

100kmL- lowfrea. ' Highfreq. —
periods = 4000s  160s 1.6s
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Controlled source EM improves accuracy s

Transmitter
O

’ Shallow borehole sites
[H3 surface receiver node
Modified after Hoerdt
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Controlled source EM improves accuracy Il

MT

CSEM

«

I

Siltstone/sandstone
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New array acquisition hardware

* Wireless (long range & WIFI)

'* True array

system

C to 50 kHZ)

%"-Ny-.
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New array acquisition hardware

«

Wireless
controller
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Smaller, lower cost sensors: DC - 200 KHz e €hic/EM node
System
integrated
nI uction coils — T & F d
E g —
S e vﬁr
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Smaller, lower cost sensors: DC - 200 KHz

«
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Setting the scene >> Technology >> Examples Large surface source

Transmitters since 1981... as KMS since 2015

Azerbajian, USA, Germany, Turkey, South Africa, China, India, Australia, Indonesia, Ireland, Israel, Italy, Saudi
Arabia, Thailand, Mexico, Japan

«
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Lithium — basics for the geophysicists

Process
14 P Chile NEEEG—— O.2M mt

= Austra.lia | e |
] _Lp brines Argentina [ 1.9
China
us B
Zimbabwe |
Evaporative Brazil |
Portugal |

n'? drive \

Weathering into
alluvial fans

Clay layers 171 ppn
Tuffaceous lacustrine layers < %00, 2100 oo Bring Geologic model
accumulations
After https://www.transition-elements.com/lisys.
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Lithium exploration Argentina

The Lithium triangle (Puna Region)

(Argentina, Bolivia, Chile) Lithium geophysical prospecting

e 4 » Ultra low resistivities

» Low acoustic impedances

» Density Variations - gravity

» Puna Region: Extreme field conditions

Magnetotellurics : Powerful lithium prospecting technique

KMS-820

Hosts ~ 60% of the the world

known (identified) resources of
lithium reserves (USGS, 2020)

Figure source: https://www.sciencebase.gov/ Courtesy of Proingeo SA P -
n roingeo sa.
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Lithium exploration Argentina >
Resistivity
Z (km) 2D Model (ohm m)
—
Multi-layers grouped
in one conductive unit
| X (m)
1D Mode ¥ (m) 2D Models integrated
e 1, "
Resistivity
i . - ] (ohm m)
P - Brine
e 1
i
Brine
H
I
ik - SR (]
n Proingeo sa. A. curcio, confidential report, Courtesy of PROINGEO SA
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Geothermal: Hungary s
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Geothermal: Hungary L

Lem-701 LEW-118 (AMT)

\s-029 3-axis digital fluxgate

! ! malnemmemr

LEMI-120 (MT)
Low-frequency sites
Reference for basin dept

Ks-831

E Receiver node
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Geothermal: Hungary map L g
Hungary MT and gravity survey N
§ 27 =
Fa
T Yﬁ!ﬁ.?,t"?!!"!!!!!
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Hungary: Integrated interpretation b
o e s soeren -
4

Depth (m)

=
3
S

-2000 Seismic and geologic information for

structures and lithology
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-4000
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w
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2
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Hungary: Integrated interpretation >
S ¢ ﬁg% 3 14 N

Low resistivity anomaly,
potential geothermal area. |
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Hungary: Drilling gives 3 MW

Wik Wi
W » * Tl TwslaT. YL
l y _

MTlow resistivity anomaly,
potential geothermal area.
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Carbon Capture, Utilization & Sequestration - CCUS n
e S
e
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Carbon Capture, Utilization & Sequestration - CCUS

ure: ontinue > site qualifica
mmercialization - ng -

slogies
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CCUS: CO2 influence on resistivity

* @ normal brine salinity = fluids are ‘boe« (6

more resistive (6 -50 times) 9
* @ low salinity (< 5,000 ppm) = more
conductive

After Boerner et al., 2015
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CCUS: What happens when we inject a current?

Slice: Electric field, z component at t ;1%969001 s (V/m)
0
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Electromagnetic methods in the CarbonSAFE project ~
% Input data Rock physics
= well-logs, geology, Determine reservoir
SEIETIe eI parameter variations
s000 additional surveillance
ol t— Field noise
000 Feasibility I measurements
om0 Link data with
500 variations
10000 . W "
11000 —— o oHz&
07 0 10! 10 0 Define pilot harmonics
GR (GAPI)/ R (m) - 2-3 monitoring cycles 5‘
- BASELINE =4
2,
Evaluate / decide §<
* ‘o
After Barajas-Olalde et al., 2021
© 2021 KMS Technologies >20 years of excellence in electromagnetic R&D 28
28

1/6/22

14



1/6/22

Setting the scene >> Technology >> Examples @
Field noise measurements L
EM response & noise
100 offset: 1 ki
. ofiset: M —
} Raw data noise spectra 2km ——
10— 10 Fkm — 1
e CH1Bx —
S | 60Hz& 3 ! I
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After Barajas-Olalde et al., 2021
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CarbonSAFE llI: acquisition layout n
> MT T s
— To measure the model’s | 0 Toansriter Lo
baseline background resistivity . -Iﬁ:ﬁmz‘gz';”g:;“‘“’
— 42 Stations, 600 m spacing Line 2200-m CSEM
— Remote station near Grand 5 5, Levimi
Forks, North Dakota \ Line 75:m Bufer
> CSEM o
— 124 Stations, 200 m spacing o
— Two transmitter sites (A & B), i I o
400 A o
— Time domain 1 e St LR L
» 24 hours operation — 6 weeks Line
» No equipment breakdowns
» Real-time data upload for QA
» Production: Pickups: 24,
deployment: 16, fully recorded
sites:17 / day
0 05 1 kiometar
After Barajas-Olalde et al., 2021
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CarbonSAFE llI: Acquisition options

> 24 hours operation for CSEM (versus Standard: Night - MT &. Day CSEM)
—  More routine less operational problems
—  Generator stays warm
—  Electrode pit remain stable
—  High production rate
—  Q/A via Cloud enabled receivers
> CON 24/7: Processing more complex as data must be demerged by transmission cycle and
then remerged with transmitter current

Electrode pits & power dla

rwght operations
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CarbonSAFE llI: acquisition workflow

«

Setup Transmitter

Recorder Web access box

Layout receivers

I Verify transmitter

Move transmitter
Break down setup
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CarbonSAFE Ill: MT results. Quality Assurance RR & 3D model

Approximate location of

Center, NR/

|

2D QUALITY ASSURANCE. g

Met
ers

g(p, Qm) 0
Jseany, o

»
4000 o
1000 2000 3000 4000 5000 6000 7000 8000
Distance, m
After Barajas-Olalde et al., 2021
After Barajas-Olalde et al., 2021
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CarbonSAFE Illl: CSEM Quality Assurance - Hz
0
-500
Stacked data
> 1000
Magnetic field (dB/dt) 3
-1500
° * Data
| T3 ; £
g T —Inversion @w
z 5 - 2
3 B oo
E 8.
1 2% 3000
e -3500
2 0.1 1
toy = - = - N time/s
Tirie (s) &
4500
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— 1 Inversion
— Borehole

10 100 1000 10000
Resistivity (Ohm.m)
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Summary

— EM technology developed from patent to
interpretation

— Array system (sensors) used (MT and CSEM)
— ldeal for fluid imaging

— High contrast (Lithium) no problem

— Hoping for more use in Latin America
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FUTURE:

>Acquire en
Seismic & EM
-»Use EM for monitoring

» Integrate surface WIth borehole
)vlntegrate Iand :

Courtesy E. Gasperikova, 2012

© 2021 KMS Technologies >20 years of excellence in electromagnetic R&D 36

«

,;l\— L

36

1/6/22

18



