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Reducing the risk of water and tailings 
dams failure using satellites

The challenges
Dam safety is rightly a priority for owners, for the public and for governments. 
Catastrophic failures can devastate communities downstream of a dam, causing 
loss of life and long term damage to the ecosystems people rely on for their water 
and their livelihoods. 

To reduce the risk of these structures failing, and to reduce the consequent risk to 
the population, dams need to be continuously monitored using routine inspections 
and safety reviews. 

The DAMSAT system uses satellite technology to remotely monitor water and 
tailings dams and other tailings storage facilities. 

About DAMSAT
DAMSAT provides regular, accurate intelligence to support remote monitoring of 
water and tailings dams. DAMSAT is a “one stop” solution, and we tailor it to the 
needs of our end users so they can:

Monitor the present  
Be warned when abnormal behaviour such as movement, potential leakages or 
severe weather conditions occur.

Analyse the past  
Compare current and past satellite images to detect changes on site; analyse 
historical evidence, such as weather and rainfall records, to identify the causes.

Predict the future  
Forecast the impact of heavy rainfall, and assess the impact of failure downstream 
of the dam.

DAMSAT uses a combination of Synthetic Aperture Radar (InSAR) and Global 
Navigation Satellite System (GNSS) technologies combined with real-time in-situ 
devices to monitor infrastructure displacements. It also uses optical satellite data 
to monitor pollution indicators, integrates satellite weather forecasts and displays 
information from numerical models about possible impacts downstream if there is a 
failure. 
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A new Global Industry Standard on Tailings Management 
launched in August 2020 aims to improve the safety of tailings 
facilities in the mining industry and significantly raises the bar 
for the industry to achieve strong social, environmental, and 
technical outcomes. DAMSAT’s suite of powerful tools can 
deliver the industry’s essential dam monitoring objectives.



Six ways DAMSAT benefits end users

Increased monitoring capacity 
DAMSAT provides monitoring information over wide areas and for remote 
and difficult to access locations. DAMSAT’s wide coverage will detect 
issues in areas where they might not be expected, and in areas that are not 
currently monitored. 

Supports early action
DAMSAT alerts users to abnormal behaviour and weather conditions, 
enabling preventative action to be taken to reduce the risk of failure and 
damage to communities and ecosystems downstream of the dam.

Continuous monitoring
DAMSAT gives consistent virtual access, allowing monitoring to take place 
regardless of the inaccessibility and hazardous nature of the terrain on site. 

Effective resource allocation
DAMSAT allows owners to plan and prioritise efficient use of their 
resources for site visits.  

Better informed emergency plans
Applying DAMSAT gives users a better understanding of consequences 
of dam failures downstream to inform emergency planning and incident 
management. When DAMSAT is used to monitor many sites, having a 
visual representation of the breach conseqences at your fingertips can be 
invaluable. 

Flexible data capability
DAMSAT has the flexibility to adapt to the sources of information that 
best suit users’ needs (high/low resolution, in-situ devices, etc). Existing 
monitoring data and systems can be seamlessly integrated into DAMSAT.
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DAMSAT 
features

DAMSAT is used to monitor operational 
and non-operational water and tailings 
dams and tailings storage facilities. 

The system is made up of a number of 
modules; these can be tailored to meet 
the needs of the end user.

 MODULE SUMMARY

General 
information

Site information: name, location, owner, emergency contacts and site description.

Alerts
Generates alerts when movements or leakage indicators change outside the site’s 
specified safe thresholds are detected.

Visualisation
Visually inspect the site by comparing the latest photos with historic images to identify 
changes in the areas of interest. 

Movement 
detection

Information about movements in and around the site. This can be wide area surface 
movement by InSAR, or discrete point movement data by GNSS. 

Pollution
Monitor changes to pollution indicators - iron oxide and vegetation health - in areas 
downstream of the site.

Hydrometeorological
forecast 

Site rainfall forecasts, estimated discharge and change in water levels behind the dam. 
The latest forecast and the maximum and minimum values from previous forecasts are 
presented graphically.

Tailings beach
Beach extent is important in active tailings storage facilities that are raised by upstream 
or centreline method. This module detects the water surface based on the value of the 
normalised water difference index.

Emergency 
planning

Information to support the development of emergency plans, helping to improve the 
understanding of the risks downstream if a failure of the dam occurs.
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Beach extent is important in active tailings storage facilities that are raised by upstream 
or centreline method. This module detects the water surface based on the value of the 
normalised water difference index.

Emergency 
planning

Information to support the development of emergency plans, helping to improve the 
understanding of the risks downstream if a failure of the dam occurs.

In 2017, the main and emergency spillways 
of Orville Dam in California, US were 
damaged, prompting the evacuation of more 
than 180,000 people living downstream.
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Displays warnings, generated when the movement detection, pollution, 
hydrometeorological forecast or tailings beach modules exceed certain thresholds 
specified by the user. The system maintains warning histories so users can analyse 
previously raised warnings and possible actions taken.Warnings

The visualisation module supports remote visual inspection of the site. It allows users to 
manually compare new and archive satellite images of the selected site for detection of 
relevant changes that may have occurred over time within the area of interest. 

Visualisation

Sistema de monitoreo remoto de presas
Cajamarca

General information about the site including name, location, owner, emergency 
contacts and site description.
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Sistema de monitoreo remoto de presas
Cajamarca

Sistema de monitoreo remoto de presas
Cajamarca

Provides information about ground movements at the site and nearby areas, allowing 
user to make informed decisions. Satellite data, combined with real-time data from in-situ 
devices, is used to detect displacements over large areas with millimetre level precision, 
highlighting potential risks to safety. Displacement data is used to generate warnings when 
the user defined threshold is exceeded. 

Movement 
detection

Helps to identify possible leakage or pollution incidents from the site by providing 
information about changes in two indicators - iron oxide and vegetation health - in areas 
downstream of the area of interest. Satellite images are processed by the system to 
produce outputs in a defined region with areas of interest highlighted in red to show 
detected changes. Pollution

Tailings Dam A

Tailings Dam A
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The hydrometeorological forecast module provides a forecast of the potential hazards 
from rainfall at the area of interest identified by the user. This module produces forecasts 
including:

• Rainfall forecast based on the meteorological forecast*.

• Flow from the upstream catchment into the site of interest based on  
rainfall-runoff modelling.

• For tailings dams and tailings deposits, flow into the pond or reservoir based on the 
estimation of the flow from the upstream catchment and the amount that can be 
intercepted by the drainage channels. 

• For water and tailings dams only, change in the reservoir and pond’s water level 
based on a storage model. 

*This model estimates the response of the catchment to rainfall input by transforming 
rainfall and evaporation into flow at the catchment outlet based on the Probability 
Distribution Model (PDM). 

DAMSAT’s forecast module produces outputs of up to 10 days into the future using NOAA 
data and six days using ECMWF data.

Hydrometeorological 
forecast

Sistema de monitoreo remoto de presas
Cajamarca

Tailings Dam A



In 2019, a major incident was declared at the 
Toddbrook reservoir in the UK. Following days of 
heavy rainfall, 1,500 residents were evacuated 
after concrete slabs on the overflow spillway 
were dislodged by high volumes of water.
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When a dam holding back tailings in 
Brumadinho, Brazil failed in 2019 it released 
a fatal mudflow that devastated communities, 
infrastructure and the environment downstream 
of the mine. 

!
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The tailings beach module provides information about the extent of the beach in active 
tailings storage facilities that are raised by upstream or centreline method. Satellite data 
is used to detect the water surface based on the value of the normalised water difference 
index. 

Water inside the pre-defined polygon representing the tailings storage facility (TSF) 
reservoir area is detected and the percentage of beach and water inside the reservoir are 
provided. The minimum beach distance between water inside the TSF and the predefined 
crest line is also shown.

Tailings 
beach

Sistema de monitoreo remoto de presas
Cajamarca
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The risk analysis module helps users to develop emergency plans and improves the 
understanding of the risks downstream if a dam failure occurs. The results provided in 
this module are obtained from numerical modelling, which considers the simulation of the 
outflow from the water or tailings dam if there is a failure (the breaching of the structure), 
its spread downstream, and how it impacts people living in the area downstream. A suite 
of consequence related models is used to create these simulations. With this information, 
estimations of economic and environmental damages are also quantified. 

The risk models can provide information about:

• Extent of inundation in the downstream valley including water depths and flow velocity;

• Economic damages resulting from dam breach scenario;

• Loss of life resulting from a dam breach scenario under different “warning to 
population” scenarios; 

• Classification of environmental damage resulting from a dam breach scenario.

Risk 
analysis 

Sistema de monitoreo remoto de presas
Cajamarca

Tailings Dam A



MODULE RESOLUTION BASIC STANDARD PREMIUM

General 
information -   

Alerts -   

Visualisation

Low   

High  

Movement 
detection

Low   

High  

GNSS 

Pollution

Low   

High  

Hydrometeorological
forecast 

Low   

High  

Tailings  
beach

Low   

High  
Emergency 

planning -  

DAMSAT packages
DAMSAT is available in a number of subscription packages.  
Each package can be tailored to suit your needs and budget.



About HR Wallingford and DAMSAT
DAMSAT harnesses HR Wallingford’s expertise in dam safety, flood risk 
modelling and Earth observation technologies. As trusted partners, we deliver 
bespoke DAMSAT solutions tailored to our clients’ unique needs.

The initial development of DAMSAT was funded by the UK Space Agency 
under the International Partnership Programme (IPP). The programme aims 
to use space solutions to make a positive and practical impact on the lives of 
those living in emerging and developing economies. IPP is funded by the Global 
Challenges Research Fund, a fund from the UK Government which supports 
cutting-edge research and innovation strengths to deliver sustainable economic 
or societal benefits to emerging and developing countries around the world.

HR Wallingford  | Howbery Park  | Wallingford  | Oxfordshire OX10 8BA  | United Kingdom
+44 1491 835381  | info@hrwallingford.com  | www.hrwallingford.com

DAMSAT and the DAMSAT logo are registered trademarks of HR Wallingford.

 

How can DAMSAT help you? 

FIND OUT MORE AT WWW.DAMSAT.COM

or contact us at 

info@damsat.com
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