0 PHOTOSAT

PhotoSat - Brad Forrest
Session 7. Monitoring

A new tool for tailings storage facility management:
Insights from archived satellite imagery



PHOTOSAT

Nn
(5 12 v

Incomplete

Records and
New Standards




o PHOTOSAT

- i
::.

-




0 PHOTOSAT

55053 ¥
S A

.‘}.v

,
X




g PHOTOSAT

A Wealth




% FirstSatellite . . | e .. . second Satellite

. o % 4 : 4 % b 4 g . N u‘ v
% : s P : % g 3 o 3 s X N .
P * w ) S0y ' < X E . . & ‘,—A 2 *x »® ¥ 8




‘ PHOTOSAT

atellite
ata
oing
ack Six
ecades

KEYHOLE 1, 2, 3, 4A, 4B, 6 1

LANDSAT 1, 2,3,4,5,7,8, 91

SPOT 1,2,3,4,5

IKONOS -

QUICKBIRD +

WORLDVIEW 1, 2, 3 1

GEOEYE -

PLEIADES 1A, 1B -1

SPOT 6, 7 1

KOMPSAT 3, 3A

SENTINEL 2A, 2B

PLEIADES NEO -

WORLDVIEW LEGION 1,2,3,4,5,6 1
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1980

1990
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Satalite Resolution (m)

7| Keyhole 2] 1ee3] 2-May-1003|Landsat 5 30| 1999 10-Sep-1008|landsat 7 15 Landsat 5 30/ 2018] Geozye 05| 2018 0.5
Keyhole 2 28-May-1903|Landsat 5 30 28-Now-1008] landsat 7 15| 9|Landsat 5 30 Landsat 8 15 0.5
13-Jun-1003|Landsat 5 30| 2000] 27-Aug-2000| tandsat 7 15 Landsat 5 30 8|Landsat 2 15 15|
20-Jun-1003|Landsat 5 30 20-Sep-2000|Landsat § 30 Landsat 5 30 15 03
15-Ju-1003| Landsat 5 30 14-0ct-2000] landsat 7 15 2| Landsat 5 30 05 0.5
31-Jul-1093|Landsat 5 30 22-0ct-2000| Landsat 5 30 Landsat 5 30 15 0.5
Landsat 1 80 1-Sep-1003|Landsat § 30| 2001 2-Apr-2001|landsat 7 15 Landsat 5 30 15 15
Landsat 1 80 17-5ep-1003| Landsat 5 30 3-Jun-2001|Landsat 5 30| Geozye 05 15| 15|
| 7 3-1 Keyhole [ 4-Now-1002| Landsat 5 30 Jun-2A Landsat 5 Y )|andsat 3 30 Landsat 8 15 Fleiades-1A 05
0 73| Keyhole 2| 1994 28-Mar-1004|Landsat 5 30 landsat 7 15 W2 0.5]2017| Fleades-18 0.5 8w 05
7 Landsat ! 80 13-Apr-1004|Landsat 5 30 1-0ct-2001|landsat 7 15) W2 05 7|Fleaces-18 05| 2019 Geosye 05
] 73|Landsat 1 80 20-Apr-1004| Landsat 5 30 17-0ct-2001 | landsat 7 15 18-Sep-2010| Geozye 05 7|Landsat 8 15 Fleades-1A 05
15-May-1904|Landsat 5 30 1-Now-2001| landsat 7 18 18-Now-2010|Landsat 5 30 i3ces-18 05 iades-1A 0.5
31-May-1904|Landsat 5 30| 2002 27-Apr-2002|landsat 7 15] 2011 30-May-2011|Landsat 5 30 leiaces-18 05 Fleades-18 0.5
18-Ju-1004| Landsat 5 30 13-May-2002|iandsat 7 15] 2012 2-0ct-2012| Geosye 05 W3 0.5 Pleiades-18 05
3-Aug-1004| Landsat 5 30 20-May-2002|landsat 7 15] 2013 17-Apr- Landsat 8 15 7|Landsat 3 15| Ceozys 0.5]
10-Aug-1004| Landsat 5 30 30-Jun-2002]landsat 7 15 Pleiades-18 05 7|wa3 05 feiades-1A 05
12-Sep-1070|Landsat 3 40 4-Sep-1004 30 18-Ju-2002| tandsat 7 15 4-Jun-2013|Landsat 3 15 Landsat 8 15 Fleiades-1A 0.5
30-Sep-1 Landsat 3 40 20-Sep-1004] 30 17-Aug-2002|iandsat 7 15 22-Jun-2013| Geosye 05 03 0.5)
105] 31-Mar-1005| Landsa: 5 3 2-5ep-2002|iandsat 7 18 8-Jui-2013| Landsat 8 15 03 0
1081 18-Apr-1095|Landsat 5 30 4-Oct-2002| tandsat 7 15 2013 Landsat 8 15 15 1
1082 2-May-1005|Landsat § 30 landsat 7 15} 26-Jul-2013| VA2 05 0.5 0
L 1083 19-Jun-1005|Landsat 5 30 2 2|'andsat 7 15 7-Aug-2013|Landsat 8 15 15 0
1084 20-Jur-1084[Landsat 5 30 5-Jul-1005|Landsat 5 30| 2003 14-Apr-2003| landsat 7 15| 23-Aug-2013[Landsat 2 15 15| 0
8-Ju-1084| Landsat 5 30| 22-Aug-1905|Landsat 5 30| 2004 4-Feb-2004|Landsat 5 3 Landsat 8 15 0.5 1
22-Ju-1084|Landsat § 30 22-Sep-1905|Landsat 5 30 10 Landsat 5 30 3|Landsat 8 15 leiades-1A 0.5 0
8-Oct-1905[Landsat 5 30 23-Msy-2004|Landsat 5 30 Fleiades-18 05 W3 05 0
9-May-1093| Landsat 5 30 25-0ct-1905| Landsat 5 30 28-May-2004| Quicksird 08 3|Landsat 3 15]2018) 3des-1A 0.5 0
] 28-Ju-1883|Landsat 5 30 10-Now-1905| Landsat 5 30 11-Jun-2004| Landsat 3 30| 2014 Geosye 0.5 Landsat 8 15 1
20-Jan-2087|Landsat 5 30| 1908 18-Apr-1008|Landsat 5 30 13-Ju-2004) 39 Landsat 8 15 Landsat 8 15 0
§-Jun-1008| Landsat 5 30| 2005 10-Mar-2005 30 Landsat 8 15 8| Fleiaces-1A 0.5 1
88| Landsat 5 30 21-Jun-1008| Landsat 5 30 14-Jun-2005 30 Landsat 2 15 Fleiades-18 05 0
9| Landsat 5 30 S-Aug-1903|Landsat 5 30 18-Jul-2005 30 W2 05 8| Fleiaces-1A 05 1
21-Aug-1088|Landsat 5 30 25-Sep-1005|Landsat 5 30 174-0;-200?' 30 9-Jul-2014|Landsat 8 15 Landsat 8 15 Fleiades-1A 0
22-Sep-1080|Landsat 5 30 12-Now-1008|Landsat 5 30 2-5ep-2005 30 25-Jul-2014|Landsat & 15 8| Fleiades-1A 5 W3 0
-Now-1089|Landsat 5 30| 1967] 23-M3y-1907|Landsat 5 30 18-5ep-2005 30 10-Aug-2014|Landsat 3 15 Landsat 8 5 Fleaces-18 0
1090) 1-Mar-1990| Landsat 5 30 8-Jun-1007|Landsat 5 30 4-Oct-2005 30| 28-Aug-2014|Landsat 2 15 Fleades-1A 5 leiades-156 0
20-May-1900|Landsat 5 30 24.Jun-1007|Landsat 5 30 20651 30-Apr-2002 30| 27-Sep-2014|Landsat 8 15 Fleizdes-1A 5 Landsat 8 1
3 1 5 l d f 21-Jun-1990| Landsat 5 Y 10-Ju- 1007 Landsat 5 Y 3-1u-2008 Eq 12:0c-2014| Landsat 8 E Landsat 8 B Fleiades-1A 0
C 0 u re e 23-Ju-1000| Landsat 5 ) 28-Jul-1097| Landsat § 30 18-Ju-2008 30 20-0ct-2014|Landsat 8 15 8| Geozye 05 0
25-Sep-1000[Landsat 5 30 11-Aug-1007|Landsat 5 30| 2007) 18-May-2007| 30| 2015 25-May-2015|Landsat 8 15 W2 05 1
- - Landsat & 0 27-Aug-1007| Landsat 5 30 5|Landsat 8 15 2| Fleiades-18 05 0
a rC I V e s a t e I t e 1901 1|Landsat 5 30 14-0ct-1907| Landsat 5 30 30 5| Geosye 05 Fleades-18 05 0
Landsat 5 30| 1998| 24-Apr-1008| Landsat 5 30 18-Juk-2007| Quickbird 0.8 Landsat 8 15 8|Fleaces-1A 0.5 1
1[Landsat 5 30 10-May-1908| Landsat 5 30 22-Ju-2007|Landsat 5 30 Landsat 2 15 Landsat 8 15 Fleiades-1A 0
p h 0 t 0 s f ro m 1|Landsat 5 30 25—‘/'3/-199_3|_an:sa: 5 30 24-Sep-2007|Landsat 5 30 Landsat 8 15 0.5 Landsat 8 1
11-Aug-1001|Landsat 5 ) 11-Jun-1008| Landsat 5 30| 2008 13-Apr-2008| Quicksird 08 Landsat 8 15 15 Landsat 8 1
27-Aug-1001|Landsat 5 30 27-Jun-1008|Landsat 5 30 Landsat 5 30) §|Landsat 2 15 0.5 Fleades-1A 0
1 9 6 7 t 0 2 0 2 0 30-0ct-1001|Landsat 5 30| 20-Jul-1998| Landsat 5 30 Landsat 5 30 5| Geosye 0.5 15 ades-1A 0
1002) 2|Landsat 5 30 14-Aug-1008|Landsat 5 30 Landsat § 30| 2018 Landsat 2 15 0.5 iades-18 0
2|Landsat 5 30 30-Aug-1008|Landsat 5 30 Landsat 5 30| Fleiades-18 05 03 leiades-1A 0
28-Ju-1002|Landsat 5 30 15-Sep-1008|Landsat 5 30 8{Landsat § 30 Landsat 2 15 15 Landsat 8 1
28-Aug-1082[Landsat 5 30 2-Now-1908| Landsat 5 30 Landsat 5 30) Fleiades-18 05 0.5 Fleiades-18 0
14-Sep-1002|Landsat 5 30| 1009 30-Jun-1002|Landsz 5 30 25-Aug-2008| Landsat § 30) L3ndsat 3 15 Fleiades-18 0.5] 2020 0| W3 0
18-Oct-1062|Landsat 5 2-Sep-1009|Landsat 5 30 10-Sep-2008|Landsat 5 30) Landsat 8 15 Landsat 8 15 W3 0
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Extracting Topogra

1967 Keyhole Ortho 1967 Keyhole Survey
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Surface Reconstruction
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Reconstructed Surface

2022 Pre-failure reconstruction 2022 Post-failure from stereo
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Consistent. Time Stamped. Defensible.
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Component

1977 | 2011 2017

Mapping

Jagersfontein

1 12022 Post-Failure
| — _l Dyke Footprint

1m Contours

Geotechnical Feature
Dyke/Wall

Tailings

Waterbodies

2022-pre T 2022-post
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Pond Outline

and Beach Length Maps
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Cross Sections

PhotoSat

Muliira Tadings

2020 Topography - 1m
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Pour
Points
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1967 to 2020

Cut
and Fill

Mufulira
March 2020:
 Tailing thickness = 29m

 Tailings volume =
50,000,000m3
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ar. 2011 to Oct. 2017

Volume
Calculations

October 19th 2017 image
in background

Jagersfontein |
Area (m?) Fill (m?) Cut (m?) Net (m?)

o] senom| | senow]
T T S T
 ww| wow| | o]

:

* The total volumes shown correspond to the material movement within the
entire 2022 Dyke footprint and are not the sum of the zone areas above.




‘ PHOTOSAT

Vertical distance from Sept. 6"
reconstructed survey and Sept.
16"/24" survey
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PhotoSat;
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Dam Crest Height

Elevation above sea level of the embankment wall.
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Freeboard

Vertical distance from the tailings to the top of the embankment wall at the point of contact.
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Capacity Maps
Vertical distance between the tailings surface at a specific point and the
lowest point on the dam crest.
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Going Back In Time

193




THANK YOU

‘ PHOTOSAT

Brad Forrest
Africa Account Executive

078 800 1499
brad.forrest@photosat.ca
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