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Presentation structure

Water as a risk and cause of failure

Techniques to identify excess water 
 Pore pressure monitoring
 Thermal imagery
 Satellite imagery, including InSAR (Interferometric 
Synthetic Aperture Radar)

 Geophysical profiling
 Drone surveys of seepage   



Groundwater flow is 3-dimensional and has recharge and discharge areas.

Water is a key contributor to TSF failure



FAILURE DISTRIBUTION BY CAUSE (SHAHID AZAM ET AL.)



DISTRIBUTION OF  PRESSURE GRADIENTS 
WITHIN A SLOPE OF A TAILINGS DAM

(Adapted Morton et al 2008)



DIRECTIONS OF STRESS ACTING ON A HYPOTHETICAL PLANE

Total Vertical 

stress (σv)

Fluid pressure 

(u)

=

Effective Vertical Stress 

(σv’) = (σv- u)



PORE PRESSURES AND EFFECTIVE STRESS

The Mohr-Coulomb Equation, derived from the Coulomb -Terzaghi Equation states:

τ=c+(σ-p) tan∅

Where: 
τ = shear strength
σ = total normal stress
p = pore water pressure
∅ = internal angle of friction
c = cohesion



PORE PRESSURES AND EFFECTIVE STRESS 

Pore pressure monitoring is essential because failure, known as volume 

deformation, in a slope will present (under various pressures and 

stresses) as three possible scenaria: 

 Compression of water in the pores of the material

 Compression of individual particles (sediments etc)

 Re-arrangement of particles, usually to a more compact 

configuration.



Flow net diagram for a generic TSF showing flow through and 
under the TSF for an earth dam located on an (a) 
impermeable base and a (b) permeable base.

(Poeter E and Hsieh P 2020)



THE LOCATION OF VIBRATING WIRE PIEZOMETERS 
FOR MEASURING PORE PRESSURES IN SECTION 

(Adapted Morton et al 2008)
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THE PROBLEM

Modern techniques for tailings dam 
monitoring emphasise the measurement of 
movement of the slopes using radar, LIDAR 
and prisms; 

However these techniques only measure the 
reaction of slopes to instability factors and 
do not address the causes or assist with 
reducing risk.



THE SOLUTION

The biggest preventable cause of slope failure is too much water, either 

in the pond (from upstream or deposition) or from the weight 

(measured as pressure) of water in the tailings slope faces.  

Monitoring enables prevention – use :

1.Pore pressure monitoring

2. Seepage observation

3 Thermal imagery

4 Satellite imagery/ InSAR and Drone surveys



MONITORING REDUCES RISK
Monitoring includes

 Dam wall and sides movement

 Water levels in pond

 Water levels  in toe dams

 Vegetation

 Visible seepage

 Pore pressure- Internal

 Pore pressure – underneath

 Groundwater levels – upgradient and in catchment 



Airborne Thermal imagery



Comparison of visible spectrum image and thermal (long wave) 
image (KLMCS).



Finsch mine thermal image showing wet areas and seepages as 
dark lines (Morton 2008).



Thermal satellite image of a TSF in Chile (short wave infrared). 



Satellite imagery

Visual, Infrared and Radar

Sentinel series

https://www.eumetsat.int/our-satellites/sentinel-series


Timeline of selected satellite missions 



Satellite Sources

Keyhole

1959 to 1972 over 12 satellites launched for Cold 
War surveillance, collected stereo

imagery with spatial resolutions as

small as 0.61 m. Declassified in 1995.

Landsat Series (NASA)

The first Landsat was deployed in 1972.

Collected mono imagery at

30 m or 15 m ground resolution.

WorldView

WorldView (WV) imagery (Maxar Technologies) 
WV1 ground resolution of 50 cm, in greyscale. 
Individual scenes can be colourized.

WV-2 and WV-3 collect in colour. 

WV-2 ground resolution of 50 cm

WV-3 ground resolution of 50 cm or 30 cm.

Sentinel Series 1 to 4

The first Sentinel was deployed in 2014.

These satellites collect mono imagery at a

10 m ground resolution.

2023 PhotoSat



Mulfulira, Zambia

New tailings embankment

Tailings sinkhole #3 
Flooded the 

underground workings 
in 1970

Pre 1967 tailings 
deposits

PhotoSat 2022 - Mufulira Case Study 
Producing a Record of Construction and Deposition from Archive Satellite Imagery



Accuracy of Original Ground Surface

1967 Satellite photo of the Mufulira TSF 1967 Original ground surface of the Mufulira TSF 

PhotoSat 2022 - Mufulira Case Study 
Producing a Record of Construction and Deposition from Archive Satellite Imagery

1967 tailings deposits

Red = 1270m
Blue = 1210m



Depositional History

The stratigraphic cross-section of the Mufulira TSF was created by compiling the individual surfaces 
from the WorldView 2010, 2017 and 2020 surveys and reconstructed surfaces from the earlier 
Keyhole and Landsat 5 satellite imagery. 

PhotoSat 2022 - Mufulira Case Study 
Producing a Record of Construction and Deposition from Archive Satellite Imagery



Jagersfontein TSF before and after failure in September 2022 
(NASA October 2022).



October 19th 2017

WV-1 Satellite image Sentinel 2A satellite image WV-2 satellite image

Jagersfontein (World View and Sentinel Series) Ortho and Topo component map 

PhotoSat 2022 Preliminary Survey Report for Jagersfontein

September 6th 2022 September 24th 2022



Illustration of the methodology for collection of an InSAR image.

InSAR (Interferometric Synthetic Aperture Radar) is a technique for mapping ground 
deformation using radar images of the Earth's surface that are collected from orbiting satellites.

https://www.usgs.gov/



GEOPHYSICAL PROFILING
LSI Lastem in Italy (https://www.lsi-lastem.com) 



What is G.Re.T.A.?

• An off-the-shelf, autonomous, cloud based, fully automated 
Geo-Resistivimeter designed for the Permanent Geoelectrical Monitoring
of the conditions of large sections of soil
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RESISTIVITY PROFILE OF A DAM WALL IN EUROPE USING THE 
G.RE.T.A. METHOD. 

( LSI environmental monitoring solutions. https://www.lsi-lastem.com/products/G.Re.T.A./)



Resistivity on platinum mine TSF wall in South Africa (LSI 
Lastem.)



3D Image of resistivity profile for a TSF (LSI Lastem). 



Using drones for thermal leak inspections on tailings dams

https://www.miningweekly.com/ The iGlobe Group uses drones and related hardware and software 
to inspect tailings dams in South Africa

https://dronenews.africa/



GISTM Principle 7 monitoring implementation for mine water
Requirement Implementation

Surface water Groundwater Climate and hydrology 

1 Performance monitoring 
programme

TSF pond, river, and catchment 
design. Relate to dam breach analysis 

Instrument pore water pressure 
monitoring, seepage mapping.

Precipitation capture and use of 
predictive climate models

2 Engineering monitoring Pumps, pipelines, and water balance Drains, pumps, and groundwater 
balance 

Weather stations

3 Establish performance 
objectives

Limits for flood lines and freeboard Determine safety factors and 
integrate with slope geotechnical 
design

Determine resilience to 
extremes and determine risk 
values 

4 Assess performance and 
link to TARPs

Install TARPs for breaches of dam 
levels  

Design TARPs to intercept and 
reduce excess pore pressures 

Early warning system to predict 
and manage impact of extreme 
events 

5 Reporting Dashboard and reviews Dashboard and numerical 
modelling

Dashboards and simulations



DASHBOARD ECO-SYSTEMS



The Dashboard eco-system
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DATA MANAGEMENT - Typical dashboard layout

(Insight Terra 2021)



THE WAY FORWARD
1. Understand hydraulic gradients within and around the TSF

2. Pore pressure monitoring is an effective method to predict instability as it 

addresses the cause of the potential failure. 

3. Use all techniques to observe moisture – visible and hidden

4. Use data techniques to manage multi-point monitoring sites with telemetry to 

transmit real-time information depicted in a dashboard as knowledge to reduce 

risk. 

4. Monitoring can be used to prevent failures and act as early warning systems for 

those that cannot be prevented.



CONCLUSIONS 

 Moisture can be monitored remotely using thermal , satellite and visual 

observation.

 Accurate and well distributed pore pressure monitoring of a tailings dam is 

essential to the understanding of the main factor which controls tailings dam 

stability.  

 Reducing pore pressures by drainage or pumping will increase safety and if 

implemented early will prevent failure. 

 Use dashboards to compare time steps



THE END
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