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SSL

Innovative
Spacecraft Systems

Communication and Earth
observation satellites

Space exploration missions
On-orbit satellite servicing

Robotics for next-gen space

MDA

Space and Ground
Infrastructure & Systems

Surveillance and intelligence
systems

Defense and maritime systems

Robotics, Sensors and
Automation

Satellite antennas, electronics
and payloads

Ground systems

Radar satellites and data
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Satellite Imagery and
Geospatial Information

Electro-optical, high-resolution
satellite imagery

Geodata layers and
information products

Mission ready geospatial
intelligence (GEOINT)

Big data platform and tools

X

£l
radian

Agile Geospatial Intelligence,
Analytics & Services

Sensor and ground system
optimization for near real-time
geospatial insight

Multisource data enrichment
and analysis

Machine learning and analytics
at scale



Opening Comment

Tailings dams are complex systems that have evolved
over the years. They are also unforgiving systems, in
terms of the number of things that have to go right.
Their reliability is contingent on consistently flawless
execution in planning, in subsurface investigation,
In analysis and design, in construction quality, in
operational diligence, in monitoring, in regulatory
actions, and in risk management at every level. All of
these activities are subject to human error.

— Mount Polley expert panel, IEEIRP 2015, p. 119
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Comentario inicial

“Barragens de rejeitos sao sistemas complexos que evoluiram
ao longo dos anos. Eles tambéem sé&o sistemas implacaveis, em
termos do numero de fatores que tém que dar certo.

Sua confiabilidade é consequéncia da execucao impecavel
de planejamento, investigacao subsuperficiall,
qualidade de construcao, diligéncia operacional, monitoramento, e
de acOes na gestao de riscos em todos os niveis.

Porém todas essas atividades estao sujeitas a erro humano. ”

— Mount Polley expert panel, IEEIRP 2015, p. 119 *

(*) Independent Expert Engineering Investigation and Review panel
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Tailings Management

Tailings management is more than just a strict adherence to technical and regulatory
standards. Many regulatory standards require confirmation that mines have
implemented a system for responsible tailings management.
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Introduction to INSAR — Value chain

ldenfitication of potential hazards

J—

Risk management and benchmarking

when mine is in operation
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Introduction to InSAR - Instrument

ission

RADARSAT-2 M




Introduction to InSAR - Concept

£
’ INSAR Surface

First Satellite Pass Deformation Map

Ground Subsidence
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Introduction to InSAR - Integrated system

Communications
Satellites
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Integrated system design Vertical integration Deeper and
for improved efficiency and for lower cost and broader analytics
effectiveness speed-to-market and solutions
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Introduction to InSAR - Strategic information
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Embracing The Benefits of Enhanced Space Borne Observations

GOVERNMENT RESOURCE REGULATORS



Use of INSAR by Resource Regulators

e Audit, monitor and surveillance
* Regulatory compliance
" Forced audit or condition report
= Sample jurisdictions: Alberta (Oil and Gas) & Arizona Municipal Infrastructure
= Monitoring in regulated areas has identified a number of anomalous events where site

practices were changed to avoid large impacts

e |ncident Investigation

= Accident OHSA/MOL/MEM/Mines Act/MSHA
* Failure assessment (INSAR has been used in litigation)
" Successful cases in US mine incidents

13



Regulatory Example

Qween Creek, AZ
ADWR website




Regulatory Examples

Investigations - Accidents
MSHA (Mine Safety and Health Administration)

e Effectively used InSAR in their investigation of 9 fatalities in 2007, Crandall Canyon
Coal Mine, Utah

“grossly deficient mine design lead to pillar failure”

USGS (United States geological Survey)

e thru its use and understanding of InSAR
“were able to identify an extensive subsidence region associated with the Aug 2007 accident”

US Dept of Labour
e Used all data collected including InSAR, to effectively prosecute the mine operator.



Regulatory Example

Arizona Geological Survey

Suggested guidelines for investigating land-subsidence and earth fissure hazards in
Arizona (2011):

“C. Analysis of Remote Sensing Data

e Analysis should include interpretation of aerial photographs and, if available, INSAR
(Interferometry by Synthetic Aperture Radar), LiDAR (Light Detection and Ranging).

e The importance of satellite-based InSAR results cannot be over-emphasized when the best
possible understanding and characterization of subsidence is critical to the success of a
subsidence investigation.”




Regulatory Example

Arizona Dept. of Water Resources

“InSAR is very cost effective due to its resolution and the large area covered by each satellite frame.
Engineers, hydrologists, geologists, and scientists greatly benefit from the InSAR data to identify and
evaluate areas of subsidence, uplift, earth fissures, faults, and many other geologic features. InSAR data
are used by those involved in the fields of: water resources, structural engineering, geological
engineering, hydrological engineering, land planning, and surveying.”

a USGS

science for a changing world




Mine Tailings Facility Monitoring

CASE STUDIES



Cumulative Vertical Deformation - Tailings Storage Facility - TSF-3
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Progression of Deformation
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Image Credits and Disclaimer Language

RESTRICTION ON USE, PUBLICATION OR DISCLOSURE OF PROPRIETARY INFORMATION AND IMAGES

This document contains information proprietary to Maxar Technologies Ltd. (“Maxar”), to its subsidiaries, affiliates or to a
third party to whom Maxar may have a legal obligation to protect such information from unauthorized disclosure, transfer,
export, use, reproduction or duplication. Any disclosure, transfer, export, use, reproduction or duplication of this
document, or of any of the information or images contained herein, other than for the specific purpose for which it was
disclosed is expressly prohibited, except as Maxar or such appropriate third party may expressly agree to in writing.

COPYRIGHT © 2019 Maxar Technologies Ltd., subject to General Acknowledgements for the third parties whose images
have been used in permissible forms. All rights reserved.

COPYRIGHT © 2019 Maxar Technologies Ltd., and third parties whose content has been used by permission. All rights
reserved.

RADARSAT-2 Data and Products © Maxar Technologies Ltd. (year of acquisition or range of years to span entire
presentation). All Rights Reserved. RADARSAT is an official mark of the Canadian Space Agency.

RADARSAT Data © Canadian Space Agency/Agence Spatiale Canadienne (year of acquisition or range of years). All Rights
Reserved.

GENERAL ACKNOWLEDGEMENTS
Certain images contained in this document are property of third parties:

Use, duplication or disclosure of this document or any of the information or images contained herein is subject to the restrictions on the title page of this document. COPYRIGHT ©2018 Maxar
Technologies
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TECHNICAL SUPPORT MATERIAL



Earth Observation Satellites

RADAR OPTICAL

o Canlmage 24 /7 J Can only image when the ground is illuminated (daylight)

o Image through cloud cover and atmospheric disturbances J Takes a “picture or photograph” of the area of interest (AOI)
o Produces a series of SAR images used to define ground movement, known as InSAR o Programed around cloud free days

o RADAR sensors provide their own illumination J Can not be used to measure ground movement

o Image resolution starting at 1m o Image resolution starting at 30cm

WORLDVIEW-2
(Digital Globe)

Combined these are powerful earth observation tools




Earth Observation Samples

RSAT2 RADAR Image World View 3 image (optical)

Same area, as seen through different sensors




SWIR Bands

Coastal 400-452 nm
35 nm

Blue £48-510 nm
NIRY 772-890 nm

s SWR-7 2235-228

WAVELENGTH (NANOMETERS) 250

CUSTOMER E”""""""

APPLICATIONS
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SWIR for use in tailings management

Natural Colour Moisture and standing water identification

Tailings Facility located in Nevada
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RADARSAT-2
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