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Mine Tailings Monitoring

Supervision of tailings by an integrated novel approach (er) Rewnvistericis [l iz
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to combine ground-based and space-borne sensor data



ABOUT THE PRESENTER l‘
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Karsten Zimmermann — DMT Group, Germany

PhD in mine surveying from Bergakademie Freiberg — Germany
Head of Geomonitoring and Data Management at DMT

Geodetic and geotechnical monitoring using our
monitoring sensor platform DMT SAFEGUARD

Subsidence and deformation forecasting, damage mitigation
Terrestrial and satellite based radar-interferometry
Seismology, mining induced vibrations

3D laser scanning, mine shaft scanning

High-precision GNSS measurements, on- and offshore

Connect with us on Linkedin

DMT CIVIL & MINING ENGINEERING
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https://www.linkedin.com/showcase/dmt-civil-mining-engineering

Webinar Agenda “ DMT

DMT COMPANY PRESENTATION

TAILINGS MONITORING - INTRODUCTION

TAILINGS MONITORING - TECHNOLOGIES

DISCUSSION

OPERATIONAL DEMANDS FOR MONITORING SYSTEMS

LEGAL REQUIREMENTS FOR ACTIVE AND ABANDONED TAILINGS

TECHNICAL REQUIREMENTS, KEY INFORMATION REQUIRED
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01 DMT AT A GLANCE
Facts and Figures

We create sustainable value for our customers
through quality-assured, specialized and innovative
services.

4\ DT

We provide independent services in engineering,
consulting, exploration and geotechnics, as well as
measuring and research.

PUEUS
@ DMT’s roots date back to 1737

;.% Approx. 1,100 employees
. mainly with academic background

DMT comprises 14 operational
" engineering and consulting
‘@ companies and more than 30
branches worldwide

e

DMT’s attitude is dedicated to
O excellence, responsibility &

- innovation
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01 DMT AT A GLANCE
Proof of our Performance

Worldwide on site

30 German and @
international locations

Practical experience
and certification

= 1SO 9001

AZBR
= 1SO 14001  BEY
= SCCP: 2011
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>10,000 Projects

annually in more “‘

than 150 countries

Highly networked

in all relevant committees,
associations and
networks
worldwide
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Added Value

High customer satisfaction
through engineering =
performance En Pe

360° Service

Cross-interface -~
from analysis to v’"
approval

>40 @

current research projects

Engineering. Insight. Values.



01 DMT AT A GLANCE

The campaign ,,Engineering Performance*

,»Elektromobilitat*

»Industrial Engineering“

Antonio Esposito, Vice President, Head of
Business Unit C%ke,plf’aul Waurth Italien
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,Wasser*

Dr. Oliver Stoschek, Head of Hl%ql_rology &

Water Management, D

youstainability*

Dr. Andreas Hucke, project director CERA,
and Nadine Kohl, project manager
sustainability and raw materials, DMT

,Monitoring“

Prof. Dr. Manfred Joswig, Director of the
Institute for Geophysics, University of
rt

,,Elektromobilitat“

Rudiger Durchholz, Head of Business
Segment International Mining Consulting

,Operator Responsibility

Management*
Daniel Michalek, registered inspector in
accordance with building legislation

»Industrial Engineering*

Bjorn Otten, Head of DMT’s Coke Oven Gas
Technology business segment and Frank Schliter,
ENCOS'" Technical Manager / R&D Manager

1
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01 DMT AT A GLANCE
Selected Customers
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http://www.nagra.ch/de

01 DMT AT A GLANCE

Selected Customers
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01 DMT AT A GLANCE
Focus Markets
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01 DMT AT A GLANCE
Project Example

Structural monitoring of “Dutebriucke” bridge
- A1 highway in Germany

PORR AG
Osnabrick, Germany

= Monitoring of the bridge structure with geodetic and
geotechnical sensors

» Permanent monitoring of deformation and stability

= |nstallation and operation of > 500 sensors: water level
gauges, inclination sensors, extensometers, strain gauges,
tachymeter measuring points

» QOperation of DMT SAFEGUARD monitoring portal for
integration of measurement data and alarming

» 3D laser scanning geometry mapping
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01 DMT AT A GLANCE

V £
Project Example “ DMT

Structural monitoring of “Dutebriucke” bridge F
- A1 highway in Germany “ DMT SAFEGUARD

PORR AG
Osnabrick, Germany

Sensordaten

GPS, Erdfa\lpege Geophane, Extensometer, Neigungssensoren, Kameras, Wetterstationen, Pegel, Totalstationen, Rissmeter, Schlauchwaagen etc.

= Provision of a universal loT data platform (SaaS) M = . . ﬂ .

Herstellerneutrale Datenintegration | DMT SAFEGUARD | Data-Ports

= Connection of any sensors according to customer

requirements 5
= Secure web-based and interactive presentation of
measur’ement data Datenmanagement & Integration | DMT SAFEGUARD | Core-Server

= Automated reporting, data analysis and alerting
= Complete service: system assembly, installation, operation e |
and maintenance e ———r] !

Online-Visualisierung | DMT SAFEGUARD | Web-View

BEEEROS

Alarm & Support | DMT SAFEGUARD | Early-Alert
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Project Example

& Ssfeguard Online-Monitoring N© X

Structural monitoring of “Diitebriicke” bridge R e
4y DMIT SAFEGUARD ..

- A1 highway in Germany

Project Monitoring  Alarm

PORR AG
Osnabruck, Germany

= Data visualization and analysis

& C @ saleguarddmtde Pu—
4y DM T SAFEGUARD
. . Grafana Project 5

Project Monitoring  Alarm  Sensorstate map Dashboard

& ©202002-1112:55:11 to vor ein paar Sekunden ~ 3 & & 5m~
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Tailings Facilities - Types
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02 TAILINGS MONITORING - INTRODUCTION

Y £
Tailings Facilities - Example Chile ‘~ DMVT

ACTIVE
ABANDONED

Maijority of tailings in Chile are currently not in
operation or abandoned.

Who is the owner/responsible?

Risk assessment conducted?
Financing of risk mitigation actions?
Are they under observation/monitored?

INACTIVE
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02 TAILINGS MONITORING - INTRODUCTION
Tailings Accidents - Risk for Failure

AREAS AFFECTED BY DAMS

BENTO RODRIGUES DISTRICT, MARIANA CITY, MINAS GERAIS STATE, BRAZIL - NOV 5TH, 2015
o e P

X Ta

e =
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02 TAILINGS MONITORING - INTRODUCTION l‘
4\ DT

Tailings Accidents - Risk for Failure

- During the last 100 years a significant o
amount of tailings dam failures, with massive |
. . g 80
environmental impact and fatalities are 50
recorded ; I . .
« The number of failures as well as the severity | ° " . . N ?

of failures increases over time
= The majority of tailings failures in the

previous 15 years clearly depicts the o : 5
environmental, social and monetary risks o
- The total average cost of failure is approx. o
455 million EUR , which renders a situation a0
where most mining operations cannot .
recover financially in case of an accident e

1540-1545 1950-1959 1960-1969 1970-1979 1980-1989 1990-1999 2000-2009 2010-2017

" ThiS finanCiaI riSk iS the key driVing need for W Very Serious Failures W Serious Failures  m Other Failures Other Accidents
improving tailings monitoring

Global reported tailing dam failures from 1915 — 2017 per region (Source: own
illustration based on Bowker, L. N., Chambers M. D., CSP2 database)

Time-line of severity of global tailings failures 1915 — 2017 (Source: own illustration
based on Bowker, L. N., Chambers M. D., CSP2 database)
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02 TAILINGS MONITORING - INTRODUCTION

Y £
Tailings Management Initiatives - Example Chile 4NDMT

NATIONAL TAILING POLICY - Chile SevicioNacina

de Geologia y
Mineria

= Obijective of the initiative: Creation of guidelines, programs and instruments for the
management of tailings

» Actions: Academic Ideas Platform, Cooperation with other Institutions, Studies

21=101c =T\ 1§ 1:7-\\[e|V/ M - Fundacion Chile

g Safety for the public Aa Environmental protection O Circular economy and
innovation
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3. Tailing Monitoring
Technologies
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One-Stop Service for Mine Tailings Monitoring

STINGS

Content
Multi-Sensor Tailings Monitoring integrating Monitoring
. Stablllty ContrOI, l .- Substance. - Stability
. Release e Control
= substance release observation e

= and content monitoring /" Integrated
. Monitoring

SVE Gl
in one unified monitoring platform.
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03 TAILINGS MONITORING TECHNOLOGIES l‘ DMT
One-Stop Service for Mine Tailings Monitoring -

Ese o

KA
= &)
o
ar B L
t TECHNISCHE .
g0 UNIVERSITAT oy

A’f'g ;*BEQ‘O

Connecting matters

@ RawlViaterials Sﬁ N G s “ D MT

PONTIFICIA
UNIVERSIDAD

CATOLICA pe
VALPARAISO

Mine Tailing

Monitoring Service
Universitat Stuttgart | TU IBUS'NESS AB

EIT RawMaterials is supported by the EIT,
a body of the European Union

Engineering. Insight. Values.
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One-Stop Service for Mine Tailings Monitoring

Technologies:
= Geotechnical Monitoring — sensor network
installation and operation on site

= Radar remote sensing — processing and
analysis of satellite radar data

« Optical remote sensing — processing and
analysis of optical satellite data

« Stability Modelling — advanced numerical
analysis

« Geo-hydraulic modelling — analysis with
DMT hydro toolbox

» Data integration — operation of unified
sensor data and information platform

18.06.2020 Folie 23 STINGS - Mine Tailing Monitoring Engineering. Insight. Values.



03 TAILINGS MONITORING TECHNOLOGIES

One-Stop Service for Mine Tailings Monitoring )

Our platform solution:

18.06.2020 Folie 24 STINGS - Mine Tailing Monitoring

Data acquisition
at tailing site

Data transmission
to central database

In-depth information
analysis

Comprehensive online
visualization

Early warning
Reporting

Geotechnical
Sensors

Remote
Sensing

Stability
Modelling

Hydraulic
Modelling

Central Data
Integration and Storage

\'\
3
| -
é-/j(-/"—‘:] . A ;?::ﬁﬁ:’ir —
_—
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03 TAILINGS MONITORING TECHNOLOGIES
Geotechnical/Geodetical Monitoring - Systems Overview

GNSS — DMT SAFEGUARD GPS System
RTS — Total Station Monitoring System

TLS — Terrestrial Laserscanning
GB-SAR — Ground Based Radar

Principal Systems Setup
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03 TAILINGS MONITORING TECHNOLOGIES

GNSS - SAFEGUARD GPS Systems

= Pointwise movement and deformation control

= Local installation at points of interest at tailing and at
reference station at stable place outside

= One system per point with ground foundation
necessary

= Local power supply for each station necessary
= Automatic measurement, remote maintenance
« Automatic data transfer via cell phone network
= Automatic data processing at DMT servers

= Automatic reporting E——
« One measurement result value per 24h/12h/6h - Z?:;;:Z‘;QS:‘::O“S

= Result presentation via protected website

= Alert message service

= Accuracy: horizontal and vertical <56 mm

= Established technology, high reliability

= All equipment manufactured and provided by DMT

Data management, == Visualization

processing and analysis | = —— —| and alarm

Setup lllustration
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03 TAILINGS MONITORING TECHNOLOGIES

GNSS - SAFEGUARD GPS Systems
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&)

RawlViaterials

Connecting matters
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03 TAILINGS MONITORING TECHNOLOGIES l
GNSS - SAFEGUARD GPS Systems 4y DMT

&y Safeguard Online-Monitoring Mo X

&« Gy @ safeguard.dmt.de/data/frontend/ o Q @ :

4\ DMT SAFEGUARD STINGS

Project: [ESEY d GNSS Stat -
Project Monitoring e -
.‘-“ ‘

=" oad Ghannelinformation Google Luftbild:  +

18.06.2020 Folie 28 STINGS - Mine Tailing Monitoring Engineering. Insight. Values.



03 TAILINGS MONITORING TECHNOLOGIES

RTS - Total Station Monitoring Systems

- Pointwise movement and deformation control _Total Station Instrument

= Local installation of target points (prisms) with
ground foundation at AOI

« Local power supply for Total Station necessary

= Automatic measurement, remote maintenance

= Automatic data transfer via cell phone network

= Automatic data processing at DMT servers

= One measurement result value per 20 minutes

= Result presentation via protected website

= Alert message service

= Accuracy: horizontal and vertical <56 mm

= Established technology, high reliability

= Equipment by various manufacturers (e.g. Leica)
= On-site maintenance necessary for target cleaning
= Visibility from total station to targets necessary

@ Setup lllustration
2 il 0 e v
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03 TAILINGS MONITORING TECHNOLOGIES l
RTS - Total Station Monitoring Systems ‘~ DMVIT

Source: Werner Guder, Dr. Dieter Dahmen, RWE Power AG
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03 TAILINGS MONITORING TECHNOLOGIES
TLS - Terrestrial Laserscanning

. . - Long Range Scanner
= Campaign wise areal measurements of tailing

surface geometry and deformation
= No installations at slope surface necessary

= Installation of fixed targets for scan geo-referencing
necessary

= Local power supply for scanner necessary
= Data transfer via high-bandwith internet connection

« Data post processing at DMT for deformation
detection

= One measurement result per scan
= Result presentation via special visualization software
= Accuracy: horizontal and vertical <10 mm

= Established technology, high reliability > however,
automatic TLS monitoring is still a research topic

= Equipment by various manufacturers (e.g. Riegl)

Scanning result

Engineering. Insight. Values.



03 TAILINGS MONITORING TECHNOLOGIES

TLS - Terrestrial Laserscanning
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Zone Displacement Magnitude
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03 TAILINGS MONITORING TECHNOLOGIES

GBR - Ground Based Radar

= Continuous areal measurements of tailing surface
deformation (only line of sight component)

= No installations at slope surface necessary

= Permanent stable installation of GBR instrument and
local power supply necessary

= Automatic measurement, remote maintenance

= Automatic data transfer via high-bandwith internet
connection

= Automatic data processing at site controller

= One measurement result per measurement,
each ~10 minutes

= Result presentation via special visualization software
= Accuracy: line of sight <10 mm

= Results are highly interpretable because influenced
by local weather changes and varying slope surface
conditions (e.g. moisture, vegetation)

= Equipment by various manufacturers (e.g. IDS)

GBR instrument in field
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03 TAILINGS MONITORING TECHNOLOGIES
Geotechnical/Geophysical Sensors

Stability monitoring of tailing structures requires in

general: monitoring of the ground surface for changes,

robust monitoring of changes below the surface (e.g.
along boreholes), monitoring of seismic signals from
the environment. For this various sensor and logging
system are available:

18.06.2020 Folie 34

Pointwise measurements with installation at points
of interest

Local power supply for each station necessary,
autarkic low-power systems available

Automatic measurement, remote maintenance
Automatic data transfer via cell phone network
Automatic data processing at DMT servers
Automatic reporting

Real-time measurements possible

Result presentation via protected website
Established technology, high reliability

STINGS - Mine Tailing Monitoring

Geodetic monitoring with total station
and target network

Terrestrial Laserscanning

Terrestrial Radarinterferometry

GNSS

Soil Strain Meters — Extensometer
Piezometer Pressure Sensors
Temperature Sensors

Earth Pressure Cells
Inclinometers

Microseismic Sensors

Water Level Sensors

Flow Meter Sensors

Rainfall Sensors

Video camera

Sensor

Digitalization

Logging

Transmission

Storage

Engineering. Insight. Values.
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Radar Remote Sensing - System Overview

- Large area information using satellite radar P i N o T
observations and ground back scatterer analysis & 0/ P— ’ \/ Images Image Acquisition

M2

. . : a cmm (2.83 cm)
= No installations at AOI surface necessary, ‘ ,

depending on surface structure (e.g. vegetation,
earth works) artificial back scatterers might be
necessary

» One measurement result each 6 days (frequency
depending on satellite type)

Deformation
Evaluation

Integrated
Monitoring System

= Good quality free of charge data from EU Sentinel 1
satellite available, high level data available for
purchase (e.g. TerraSAR-X) offering higher ground
resolution

= Satellite image stack necessary to start processing
(~15 scenes)

= LOS (line-of-sight) movement detection — no direct
vertical movement is measured

= Centimetre level accuracy

@ Result lllustration
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Optical Remote Sensing - System Overview

= Multispectral and hyperspectral satellite image
processing (e.g. Sentinel 2 data)

- Surface change detection: soil moisture changes, o
vegetation changes, colour changes Segments at t-1 Comparison '
« Content change detection requires calibration with

on situ material sample data & Segments at t

Al

; Segmentation/
Classification

I\

Components of Spectrum

Multi-/Hyperspectral
Image

Content of Tailing Pond

Hyperspectral
Analysis

(]
Q
€
8
8
©
2
-~
(]
1

Wavelength (pm)
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Stability Modelling - Systems Overview

= Advanced numerical analysis with regards to tailing

18.06.2020

construction and filling conditions, geophysical il
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(a) Water level at 11 m
above zero elevation

(b) Water level at 13 m

above zero elevation

(c) Water level at 14 m
above zero elevation
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Stability Modelling - Systems Overview ‘~ DMT

= Bauxite Tailings — Red Mud

Composition of wet slurry and dry sludge (mud cake
from pressure filtration) can cause instabilities

= Modelling allows to access the stability

Engineering. Insight. Values.
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Stability Modelling - Systems Overview

PERFILB

= Creation of 2D and 3D models
= Modeling based on dam plans,

construction details, material —

properties - extensive set of | S i I N B L

reliable information is necessary L PS4 P o — ot G
= Pilot Scenario calculations: z

Dam height I

(a) Current
Water level at 5m below crown
and extreme Scenario Of Water - X
ovel equa to crown - = =

= Result: pore pressure distribution, ®
maximum strains distribution

= Delivering critical areas and limit
values to be observed by
monitoring

Max shear
strain
increment
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Geo-hydraulic Modelling - Systems Overview

= Analysis of saturation and pressure and mass

transport applying DMT hydro modelling toolbox

= Prognostic modelling of internal water flow to assess
the dam stability under extreme conditions.

Related services:

Flood Area Modelling to estimate the impact of an
accidental failure.

= Development of decommissioning concepts —
dewatering, covering

= Cleaning of discharge

= Groundwater and reactive mass-transport modeling
downstream of the pond
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Integrated Monitoring System
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Integrated Monitoring System

l & Safeguard Online-Monitoring N¢ X -+ = X
& c @ safeguard.dmtde/data/frontend/ or @ Y @
—
£V DMT SAFEGUARD STINGS

G oeell Safeguard GNSS Status -

Project  Monltoring
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Integrated Monitoring System

l & Safeguard Online-Monitoring N¢ X + = X

& c @ safeguard.dmtde/data/frontend/ or @ Y @

4V DM T SAFEGUARD SﬂNGS

G oeell Safeguard GNSS Status -

Attribut: VELOCITY o

Project Monitoring

Anzahl . -

Katagorien:
Individuell o
Startfarbe .
erstzze [
W o 30
B o
C ase?

Analyse

2" | oad Ghannelinformation Google Luftbild:
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Integrated Monitoring System
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Integrated Monitoring System

Ground Truthing - Smartphone APP

= for capturing terrestrial information e.g. critical
situations

= consists of an app for smartphones / tablets and a
backend that can provide, receive and process data

= Employees can document on-site situations via app
including photo, position, category and textual
information

= App user can see tailings and other assets on the
map and their own position for orientation

= In return alerts can be received via app
= available in different languages
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= Record situation

Crack in dam

Additional description of the observation

‘SUBMIT REPORT

3

Category: Bursting of dam

Description: Detailed description of the
incident

Submitted at: 25/05/2019 10:53

Submitter: Paul
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Contact

STINGS

Mine Tailings Monitoring

DMT Group
cme@dmt-group.com
www.dmt-group.com

Follow us on LinkedIn:
www.linkedin.com/company/dmt 3
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4. Discussion www.the-miningforum.com
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