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Minerva Project

M | N E RK’A Minerva Project aims:

#smartgeocontrol / )

1. To combine classic and disruptive geodetic
and geotechnical monitoring technologies
into the same digital platform

2. To monitor and centralize observations from
critical structures (tailing dams, open pits,
underground mines...)

3. To create a tool capable to identify
deformation events 24/7
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Monitoring Ecosystem
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Stone Project

(Smart Terraine Control Using Cutting-Edge Technologies)
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WPO Coordinacidn y Gestion del proyecto
Atalaya Riotinto (S. Rodriguez)

WPO Coordinacidon cientifica
GEO3BCN-CSIC (M. Torné)
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WP1 - InSAR WP2 - ANI WP3 - 3D WP4
Interferometria Interferometria de Modelizacion Integracion INSAR,  Adgquisicién de datos y
radar ruido ambiente geoﬁsjca y ANI y modelo 3D procesado
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WP6 Comunicacion
Atalaya Riotinto (S. Rodriguez)

“ E ) Desarrollo software y
- ; - Y m modelizacion
- Validacion e
integracion
J. Fernandez M. Schimmel M. Torné J. Fernandez /
IGEO-CSIC GEO3BCN-CSIC GEO3BCN-CSIC M. Schimmel

| |

}

WPS5 Desarrollo de una plataforma de alerta temprana
Atalaya Riotinto (S. Rodriguez)
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Stone Project

(Smart Terrain Control Using Cutting-Edge Technologies)

Stone Project aims:

1. To validate two state-of-the-art monitoring
systems:

1. Radar interferometry (GBSAR and
InSAR)

2. Ambient Noise Seismic Interferometry
(ANSI)

2.To study the geopotential fields of a selected
aera

The project with REF CPP2021-009072 has been funded by the
Ministry of Science and Innovation/State Innovation Agency and

with funds from the European Union-Next Generation/PRT
(Recovery, Transformation and Resilience Plan)
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The journey — From this to...

—| Control estabilidad del terrellnc

| CSIC+ Geolen |

@ |§2> Corta Atalaya |

Presas

Técnicas

Integracion de la informacion

Interferometria

SAR (INSAR) || Sismica (ANI) |

Desarrollo de software especifico |

Combinacién de

INSAR y ANI para Controlde
identificacion de microsismicidad
cambios superficiales natural

y en el subsuelo

Mapa de deformaciones |

—| Saytel

Vigilancia Al

| Camaras || Infrarrojos

| Desarrollo de software especifico

Control de vertidos/filtraciones

Control de deformaciones (roturas)

| Control de ldmina de agua
| Control de accesos

| Plataforma digital para consulta
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L

HEXAGON Leica Geosystems

Plataforma GEOMOS | HUB

Plataforma en la nube |

—| Leica Geosystems |

Interferometria

| Radar de apertura sintética
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The journey - ...to this

e e
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Classic sensors and GBSAR

Geodetic and Geotechnical sensors installed:

— 46 OPW

PZA-A:35

— 30CSP

— 21 Inclinometers

— 150 Prisms

- 9 Markers GCP '»: £:023 GMOG?)ssan Ppal
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Classic sensors and GBSAR

Robotic
Total Station
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Resolution

60 x 60 m
I Velocity LOS

ERS-1&2 period 1995-2001
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First Generation Second Generation

Historical review of Riotinto mine with 3 ESA satellites: ERS-1&2, ENVISAT, and Sentinel-1. Result for descending orbits. Dots
represent mean velocity values (cm/y, in line of sight direction, LOS) of each cell. Green dots mean stable and reddish colors mean
movement away from the satellite. The numbers on the maps show four areas under deformation discussed in the following
sections. The graphics show accumulated deformation in stable and unstable points. It is worth noting the coverage improvement

with Sentinel-1.
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GPS, modem,

A day in Riotinto ... (10/01/2023) ‘8'15 13_50‘ ‘15_10 18'50‘
, - Y I
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Main objectives:
— Data acquisition — ldentification of benefits & limitations
— Seismic noise characterization — Monitoring structural health
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GeoMonitorin
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GeoMonitoring Hub

Sistema Auscultacion

&
@gmail.com 919~
Para @ 20/04/2021

@ Si hay problemas con el modo en que se muestra este mensaje, haga clic aqui para verlo en un
explorador web.

The Hub enables:

1. To integrate all data in a single platform

This email is not from Hexagon’s Office 365 instance. Please be careful while clicking links,
opening attachments, or replying to this email.

2. Better understanding of data
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Conclusions

1. Minerva project has been incorporating technological innovations and realizing a digital transition
towards a comprehensive geodetic and geotechnical monitoring of the entire mining area and
specifically the tailing dam. It resulted useful for surveillance of mining facilities, civil structures,
and any element or structure that requires monitoring.

2.The classical instruments and sensors such as Total stations and prisms, GNSS, inclinometers,
piezometers and GBSAR allowed Atalaya to detect and analyze displacements that are linked to
the expected movement of the structure.

a. None of the displacements reported were greater than 50 mm in a period of 3 months.

3. A specific area of the tailing dam known as Vaguada Norte had been monitored 24/7 by a third
party.

a. This service was found of high interest, therefore Atalaya decided to extend the service to
the whole tailing dam.

4. The investigation is continuing with STONE project with the aim to also integrate satellite data
(InSAR) and the ambient noise (ANSI) to the GeoMonitoringHub, in order to complete the classic
observation technique and reduce the risk inherent in mining environments.
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