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Outline

* Background

* Methods
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* Conclusion and outlook
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How much do we need ?

Minerals in
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for their motors and batteries compared to gas cars.

Mineral content kg/vehicle

Electric Vehicle ° Gas Car

13.3 kg gtgh'frﬁ Rare Earths *

nore Cobalt
g o O01kg
Zinc
=

39.9 kg &

%
Nickel —

@ 03kg
Others

o D P

66.3 ke

Graphite

ELEMENTS.VISUALCAPITALIST.COM

N 2022 \fs 2035 Average
Supply

Demand Mine/Plant Size

45,000 t

Cobalt

A,

5,000t

177,000 t 489,000 t

v e g

i 360,000t

Natural m
7,210,000 t
Graphite ; e

56,000 t

No. of Mines/
Plants Needed

A, Mo i M. A Mo M A Mo
din. M. Mo M. A Mio. M din. Ao
div. Mo, dio. M. M. M. M. div.
A, M. L. M. Ko M. i Ao
A A L. M. . M. M. A
A Mo Moo M. M. A die. i
i M. dio. . M. dio. M. A

Ao, M. M. A din. S i
Ao Mo Mo M. Mo dio. A
i, M. Mo M. A dio. div
i, M. o M. A Mo Lo
Ao M. Mo A i Mo i
Ao, Mo, M. M. Ao, dio. A
A M. M. M. M. M. M.
i, M. Moo M. M. Mo, Ao
Ao, M. Mo M. M. Mo

i, M. i M. M. Mo, Mo A
i, M. Mo M. M. Mio. M. A
din. M. div. M. L. div. Ao L.
i M. dio. . M. Ao, M. A
i M. dio. M. M. dio. M. A
Ao, M. M. M. A Ao, M. A
A Mo M. M. i, Mo A Ao
i M. Mo M. M. Mo, M. A

Ao Ao A Mo i Mo Mo M. A d
Ao M. Ao Mo, hio M. A M. A A
Ao, M. L. M. Liv. i Lo Miv. B dio.
Ao, M. Mo Mio. Lo Lo, M. A L. Lo
dio. Ao M. Mo, M. Mo, Mo M H. d.
Mo, M. M. Mo M. Ao Mo, M Ao A
Mo Mo Ao Mo i Mo Mo A A Ao
B N N N N

: LR R R R R
T e PrRTRTRiTR TR
it A A
R R R ]
R
R R R ]
57,000 t TR
o
P . N
aa BENCH MARK For further information on Benchmark Mineral Intelligence products,

please contact info@benchmarkminerals.com.



What can we contribute as geo-scientists?

* Looking for the resources (+)
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\What we want ...

* Lower cost
* More speed
e Higher accuracy
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Aim

To deliver a 3D inversion software of electromagnetic (EM) data.
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Aim

electromagnetic (EM) data
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Electrical conductivity & Minerals
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Aim

inversion
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Modeling and inversion

Modeling

VR
/

Inversion

Data space
(electric/magnetic field)

Model space(conductivity)
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Aim

3D
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Geological 3D model of Ajjala
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3D vs 1D inversion

a) 1D Inversion b) 3D Inversion

Depth (m)

c) 1D Inversion

d) 3D Inversion

Rho (Qm)
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Outline

* Methods
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Method highlight

* Finite element method
* Octree mesh

* Dual-grid inversion

* Parallelization
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Finite element metho

* Allow complex geometry

e Local refinement




Octree mesh
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Inversion

-gri

Dual

Forward mesh

Inversion mesh



arallelization (MPI, OpenMP)

System - p Sy . System
Memory ! Memory




Method highlight

* Finite element method -> accuracy

e Octree mesh -> speed What we want ...
* Dual-grid inversion -> speed
* Parallelization -> speed * Lower cost
* More speed
* Higher accuracy
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Outline

* Preliminary results
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Line space: 50 m
Frequency: 960 - 10600 Hz

Soundingspace: 20 m

Receiver height: 40m in the air
Coverage: 1.2 km *1.2 km

Sounding: 1440 = 24 lines * 60 soundings



Ex-fleld propagation (of transmitter Jx)

Halfspace - 10600 Hz 3D model - 10600 Hz
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Responses

With anomaly
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Responses at receivers =
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Inversion
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Soundingspace: 20 m Soundingspace: 50 m

24 line * 60 soundings/line = 1440 soundings 11 line * 11 soundings/line = 121 soundings



Inversion numbers

* Method: Occam

 Forward elements: 601,787

* Inversion elements: 7200 (980)

e 2178 data points = 121(rec) * 3(comp) * 3 (freq) * 2 (src)

Source: Csx, Csy

Frequency: 2300/4600/9600 Hz
Components: Bx, By, Bz
Receiver: 121
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Inversion result
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Conclusion

* The 3D inversion frame for frequency-domain drone EM data is in place

* The algorithm is built on open-source libraries Deal.ii and PETSc, allowing
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Outlook

* Massive tests: Drone data inversion for different synthetic models

* Improving performance: optimization for large-scale dataset inversion
* Incorporating topography

e Better user friendliness
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