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Tailings is the reject of a mineral
enrichment process
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When a tailings storage facility (TSF) collapse Mariana Dam failure (5 Nov 2015):

= 19 people dead, two villages devastated.

= Nine years after, Vale and BHP have agreed to a monumental
USD30.36 billion settlement. Payments will span two decades
until 2043.

Brumadinho tailings dam failure (27 Jun 2019):

= 270 people dead
= environmental and social damage

= USD 6.79 billion deal agreement for Vale mining company to
compensate.

Social movements influencing political parties for revision and
amendment of settlement agreement.



https://www.riotimesonline.com/historic-r170-billion-settlement-for-mariana-dam-disaster/#:%7E:text=This%20landmark%20agreement%20follows%20Vale's,standards%20in%20Brazil's%20mining%20sector.
http://www.b1technicalinvestigation.com/report.html
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+30 years of guidelines and reviews Tailings management framework (ICMM, 2019-2020)

R RSk OF DANGEROUS OCCURRENGES Outlines o Outlines 77
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ICMM engagement for TSF Monitoring Technologies (June, 2021)

v )) - Laser scanning
| Terrestrial-based radar

_|lr\ / _ Piezometers - Satellite-based Interferometric Synthetic-
- - Inclinometers / Shape Apertgre Radar (InSAR)
Acceleration Arrays - Satelllte-borng pho’Fogrammetry, '
(SAA) hyperspegtral imaging or other tgchnlques
_ Surveying pins / - Drone optic and photogrammetric surveys
monuments - Bathymetry dron.e survey
Field inspections - Survey ggophysms
- Thermal imaging
- Time-Domain Reflectometry (TDR)
- Passive seismic tomography
- Core sampling autonomous vehicles
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Can we use near-surface geophysics to map the

subsurface structure and conditions of TSFs?

Electrical resistivity imaging (ERI)
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What relationship exist
between geophysical
signature of tailings and
the hydrogeological and
elastic properties in the
subsurface?

Petrophysical approach

Tailings physics approach

Can we interpret
geophysical dataset in
terms of:

hydrogeological conditions?
- Water saturation
- Porosity

and elastic properties?
- Elastic moduli
(geomechanical strength)
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Multi-source geophysical data fusion and interpretation for monitoring, assessment and management of tailings facilities
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Technology overview

Multi-source geophysical data fusion and interpretation for monitoring, assessment and management of tailings facilities

Battery charger device

Project objectives and tasks - a [[ Mine.io
CSC (UOULU) platform

Battery

cloud server
ﬁ g (workcell)

* Digitalisation of geophysical surveys with
application to surveillance of tailings
structures.

* Design of a geophysical data acquisition
system (ERI and Seismics) for subsurface
investigations and surveillance of
structural elements in tailings facilities.

* Modelling and interpretation of
geophysical dataset in tailings structures
in terms of hydrogeological and elastic
conditions.
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Pilot site Finland: Pyh&asalmi mine
site / Tailings facilities
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3D inversion model (ReslIPy open source)
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Pilot Trial 1 (Spring 2024) - Seismic imaging (preliminary)
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Pilot Trial 2 (Nov2024-Apr2025)

Pilot site Finland: Pyhasalmi mine
site / Tailings facilities




MINE.IO
»

Co-funded by

the European Union

\ls
[L\:,u] UNIVERSITY OF OULU

Passi

Latitude, m

451000 451200 451400 451600

seismic measurements on tailings embankment

200 A

100 A

o
L

|
=
o
o

L

—200 A

Latitude + 7060000, m

—300 A

—400 -

451100 451200 451300 451400 451500 451600 451700 451800

=l a5 55m
10-12Hz

m l85-100m
10- 12 Hz (2.nd mode)

1300
T . 1200
1100

Vr, mis

1800
1700
1600
1500
1400

1000
900
800
700
600
500

1 215 - 325 m "1 250-500m
4-6Hz (2:nd modo) —_— 224z 2-nd mode)

Longitude, m

I Tomographic inversion of surface waves

400

|| 300
200

=100

Longitude

Selecting rays

Passive seismic surface wave tomography for structural health monitoring of tailings storage facilities (a case study of Pyhisalmi tailing)
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Work coming - Integration

® Pilot Trial 2 (Winter 2025). Deployment e
and piloting DAQ, pre-processing,
processing in near real time. (Nov2024 —
Apr2025)

Mine.io
platform

CSC (UouLu)
cloud server

® Data workflow infrastructure — From DAQ
cloud server To CSC HPC cloud services
(UOULU) (Sep 2024 — Nov 2024)

® Data workflow infrastructure — From CSC__
cloud services (UOULU) To Mine.io
infrastructure (Oct2024 — Apr 2025)

® Developing automated workflows and data
fusion from the geophysical dataset to
predict the embankment’s hydrogeological
and elastic conditions.
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Impact and significance of a digitalised and reliable environmental surveillance and monitoring
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Questions?

Raul.MollehuaraCanales@oulu.fi
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