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• Revised Nokpa design considers significantly deeper planned depth from initial DFS. Nokpa has 
highest concentration of structures and damaged rock mass, South Domain design will be too 
aggressive at planned slope height

• Short term path forward in support of signing off on DFS will seek to confirm design 
recommendations, especially where designs have moved significantly away from available 
geotechnical data. Specific aspects to be reviewed include:
• Numerical models for Fresh Rock and Saprolite designs for various domains and deposits 

considering higher overall slope heights
• Review of structural controls including influences of faults and kinematic designs for the major 

deposits
• Core photograph and any new information available will be considered in areas where walls have 

moved away from available geotechnical data

Summary

Pit Current Design Modifications Short Term Path Forward (DFS Signoff) Specific Aspects
Enioda No design change required No design change required

Chegue Main No design change required Detailed review required
Pit walls moved significantly from DFS. Review of 

available data and structural considerations in Fresh 
Rock

Chegue South No design change required Modelling, kinematic, structural review 
required

Pit walls moved significantly from DFS. Review of 
available data and structural considerations in Fresh 

Rock
Han No design change required No design change required
Kekeda No design change required No design change required

Nokpa Design change & review required Modelling, kinematic, structural review 
required

Pit walls moved significantly from DFS. Rock mass in 
Nokpa significantly faulted and damaged compared to 

other deposits. Initial design suitable for shallow 
depths only.

Souwa No design change required Modelling, kinematic, structural review 
required

Pit walls moved significantly in specific areas from 
DFS. Review of available data and structural 

considerations in Fresh Rock

Kilosegui No design change required Modelling, kinematic, structural review 
required

Initial DFS saprolite designs do not consider greater 
thickness in centre of deposit. Review walls in Fresh 

Rock where design significantly different
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• The Doropo project comprises 8 prospective deposits with planned pits and other exploration targets 
in a 30 km2 area. The geotechnical analysis was consolidated as much as practicable to develop 
the design recommendations for each area. Designs for the open pits were developed considering 
the following major aspects:
• Lithological context
• Tropical weathering of the rock mass
• Regional and local structural models
• Changes in hydrogeological conditions
• Planned mining depths limited to less than 150 m

• The review was focused on understanding whether the changes to the geometries and extents of 
the pits would deviate from design assumptions made for the 2024 DFS study. 

• Initial optimization shells were provided to SRK and individually reviewed for changes to these 
considerations 

• Review of structural controls was completed on all pits owing to potential geometrical changes that 
may impact stability.

• The detailed review process was focused on aspects that had changed since the 2024 design 
recommendations, namely:
• Suitability of geotechnical data collected previously,
• Potential changes in saprolite thicknesses (Weathering)
• Potential geometrical impacts from structures and potential risks to bench design in the Fresh 

Rock unit (Structural)
• Planned mining depths exceeding 150 m in areas, necessitating a revision of design 

recommendations to consider geotechnical berms and manageable stack heights

Approach
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Expanded Shells and Data Suitability

• Expanded shells have significantly 
moved highwall positions relative to 
geotechnical drilling data

• Limited/no geotechnical data is 
available for current highwalls

• Some of the planned pits are > 500 
m away from available geotechnical 
drilling

Kilosegui – areas outside drilling coverage

Chegue South drilling no longer intersects highwall
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• Designs were updated for 
Nokpa specifically and were 
validated for the remaining 
pit areas

• No change in design but 
significant changes in 
locations of final walls 
relative to geotechnical 
drilling

• Some risks to ramps and 
access based on bullnoses 
and unconfined geometries, 
however pits are planned 
with multiple and redundant 
accesses

Revised Designs

Domain Design Domain 
Bench 
Height 
(m) 

Bench 
Width 
(m) 

Bench 
Face Angle 
(°) 

Inter-Ramp 
Angle 

Maximum 
Stack Height 
(m) 

Factor of 
Safety  
(Hu = 0.8) 

Enioda Sap & Lat 5 5.5 60 30.8 20 1.3 

Doropo < 20 m Sap & Lat 5 4 60 36 20 1.6 

Doropo < 40 m Sap & Lat 5 5 60 32.4 20 1.3 

Kilosegui1 Sap & Lat 5 4.5 60 34.1 25 1.3 
1 Kilosegui saprolite models were revised using a maximum thickness of 25 m for 2025 pit designs. 

Fresh and Saprock Designs

Saprolite Designs

Domain Weathering 
Domain 

Azimuth 
From 

Azimuth 
To 

Bench 
Height 

(m) 

Bench 
Width 

(m) 

Bench 
Face 

Angle (°) 

Inter-
Ramp 
Angle 

Max Stack 
Height 

(m) 

Enioda 

Saprock 
(MW/SW) 

140 220 10 10 75 38.3 120 
220 140 10 6.5 75 47.4 120 

Fresh 
100 140 20 10 75 52.5 120 
140 220 20 12 75 49 120 
220 100 20 8.5 75 55.3 120 

North 

Saprock 
(MW/SW) 

040 320 10 6.5 75 47.4 120 
320 040 10 10 75 38.3 120 

Fresh 
060 320 20 8.5 75 55.3 120 
320 060 20 13 75 47.4 120 

Nokpa1 
Saprock 

(MW/SW) 000 360 10 8 75 43.1 100 

Fresh 000 360 20 11 75 50.7 100 

South 

Saprock 
(MW/SW) 

020 300 10 6.5 75 47.4 120 
300 020 10 8 75 43.1 120 

Fresh 
020 300 20 8.5 75 55.3 120 
300 020 20 11 75 50.7 120 

Kilosegui 

Saprock 
(MW/SW) 

100 340 10 6.5 75 47.4 120 
340 100 10 8 75 43.1 120 

Fresh 
000 060 20 12 75 49 120 
060 120 20 10 75 52.5 120 
120 360 20 8.5 75 55.3 120 

1 Nokpa has been provided with a separate design owing to more heavily fractured rock mass and higher slope heights than considered in 2024 
DFS. 
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Optimization Shell Summary

Design Domain Pit Length Max Depth 
FS (m)

Max Depth 
2025 (m)

Base of Sap/Lat 
(CW/HW) Saprolite 

Domain
Groundwater 

Domain Host Lithology
Depth (m)

Enioda Enioda 1900 90 105 20 - 35 Enioda Enioda Granite, Gneiss, 
Amphibolite

North

Chegue Main 2000 90 130 30-40, thins to SW Doropo Topographic 
High Granodiorite

Chegue South 1150 90 170 40 (North), 5 - 10 
(South) Doropo Topographic 

High
Granodiorite 

with Mafic Dyke

Han 1400 100 115 < 10 Doropo Topographic 
Low Granodiorite

South

Kekeda 1300 90 110 10 - 20 Doropo Topographic 
Low Granodiorite

Nokpa 1400 (+650) 120 240

5 - 15 (Main North 
Pit), 

20 - 30 (South 
Satellite)

Doropo Topographic 
High

Granodiorite 
with Mafic Dyke

Souwa 2500 140 180 25 - 40 Doropo Topographic 
High Granodiorite

Kilosegui

Kilosegui A (NW) 2700 100 175 < 5 Kilosegui Kilosegui Granodiorite

Kilosegui B (SE) 4300 (+600) 125 145
30 - 40 (Centre of 

deposit), 
5 - 10 (elsewhere)

Kilosegui Kilosegui Granodiorite

Minor Changes
Significant Changes
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Saprock and Fresh Domains

Doropo

30 km
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Joint Sets by Structural Domains – Doropo

Souwa

Nokpa

Chegue Main

Chegue South

Han

Enioda

Kekeda

SOUTH DOMAIN

NORTH DOMAIN

ENIODA
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Joint Sets by Domain (Doropo Area)

Count 
(All) Joint Set Dip Dip 

Direction
300 J1 41 359
532 J2 89 293
824 J3 10 265
219 J4 77 32
264 J5 84 329
589 Jr
2728

Count 
(All) Joint Set Dip Dip 

Direction
1099 J1 39 349
1164 J2 72 288
2247 J3 8 248
448 J4 82 17
555 J5 81 329
1816 Jr
7329

Count 
(All) Joint Set Dip Dip 

Direction
0 J1 - -
17 J2 71 85
24 J3 6 326
39 J4 50 205
14 J5 80 138
32 Jr 35 209

126

*Note that J1 was not 
identified at Enioda and not 
used for analysis
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NORTH DOMAIN
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Chegue and Nokpa 

Chegue South

Nokpa

Significant changes in 
highwall locations relative 
to DFS. > 200 m in areas
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Chegue South

45° OSA
125 m Height
Strong Rock Mass

Domain Weathering Domain Azimuth From Azimuth To Bench Height
(m)

Bench Width
(m)

Bench Face 
Angle

(°)

Inter-Ramp 
Angle

Max Stack 
Height

(m)
North Saprock (MW/SW) 040 320 10 6.5 75 47.4 120
North Saprock (MW/SW) 320 040 10 10 75 38.3 120
North Fresh 060 320 20 8.5 75 55.3 120
North Fresh 320 060 20 13 75 47.4 120

DFS

RESOLUTE
250 m

Shallow stack 
height, limited 
geotechnical 
risks on overall 
slope.
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Chegue Main

60 m Max Stack Height
Strong Rock Mass

Domain Weathering Domain Azimuth From Azimuth To Bench Height
(m)

Bench Width
(m)

Bench Face 
Angle

(°)

Inter-Ramp 
Angle

Max Stack 
Height

(m)
North Saprock (MW/SW) 040 320 10 6.5 75 47.4 120
North Saprock (MW/SW) 320 040 10 10 75 38.3 120
North Fresh 060 320 20 8.5 75 55.3 120
North Fresh 320 060 20 13 75 47.4 120

DFS

RESOLUTE



14

© SRK Consulting (Canada) Inc. 2025. All rights reserved.

Chegue Main and Chegue South

Planar Wedge Direct Topple

Domain Weathering Domain Azimuth From Azimuth To Bench Height
(m)

Bench Width
(m)

Bench Face 
Angle

(°)

Inter-Ramp 
Angle

Max Stack 
Height

(m)
North Saprock (MW/SW) 040 320 10 6.5 75 47.4 120
North Saprock (MW/SW) 320 040 10 10 75 38.3 120
North Fresh 060 320 20 8.5 75 55.3 120
North Fresh 320 060 20 13 75 47.4 120

Footwall risks mitigated by 
shallow slope angles 
following orebody

Kinematic risks managed 
through design modifications
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Han and Kekeda

Minimal changes in 
highwall locations relative 
to DFS. 
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Han and Kekeda

Minimal change from DFS

Kekeda

Han
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Han

Planar Wedge Direct Topple

Domain Weathering Domain Azimuth From Azimuth To Bench Height
(m)

Bench Width
(m)

Bench Face 
Angle

(°)

Inter-Ramp 
Angle

Max Stack 
Height

(m)
North Saprock (MW/SW) 040 320 10 6.5 75 47.4 120
North Saprock (MW/SW) 320 040 10 10 75 38.3 120
North Fresh 060 320 20 8.5 75 55.3 120
North Fresh 320 060 20 13 75 47.4 120

Footwall risks mitigated by shallow 
slope angles following orebody
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SOUTH DOMAIN
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Nokpa – 2024 DFS Design compared to Updated Design

Domain Weathering Domain Azimuth From Azimuth To Bench Height
(m)

Bench Width
(m)

Bench Face 
Angle

(°)

Inter-Ramp 
Angle

Max Stack 
Height

(m)
South Saprock (MW/SW) 020 300 10 6.5 75 47.4 120
South Saprock (MW/SW) 300 020 10 8 75 43.1 120
South Fresh 020 300 20 8.5 75 55.3 120
South Fresh 300 020 20 11 75 50.7 120

56° OSA
175 m Height
Weak Rock Mass
Design too aggressive for slope height

DFS
RESOLUTE

Resolute design using 2024 parameters 
extremely steep in footwall with slope 
heights significantly higher
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Nokpa Revised Design Recommendations

Domain Weathering Domain Azimuth From Azimuth To Bench Height
(m)

Bench Width
(m)

Bench Face 
Angle

(°)

Inter-Ramp 
Angle

Max Stack 
Height

(m)
Nokpa Saprock (MW/SW) 000 360 10 8 75 43.1 100
Nokpa Fresh 000 360 20 11 75 50.7 100

• Revised Nokpa design considers significantly deeper planned depth from 
initial DFS. Nokpa has highest concentration of structures and damaged 
rock mass, South Domain design will be too aggressive at planned slope 
height

• A 20 m geotechnical berm is required every 100 m in Fresh Rock 
domain and should be placed approximately halfway down slope

Geotech Berm Location
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Nokpa

Planar Wedge Direct Topple

Domain Weathering Domain Azimuth From Azimuth To Bench Height
(m)

Bench Width
(m)

Bench Face 
Angle

(°)

Inter-Ramp 
Angle

Max Stack 
Height

(m)
Nokpa Saprock (MW/SW) 000 360 10 8 75 43.1 100
Nokpa Fresh 000 360 20 11 75 50.7 100

Footwall risks mitigated by shallow slope angles following 
orebody. Unfavourable bullnose in this area potentially 
mitigated with shallow (<35°) overall slope angle
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Nokpa Structural Model and Impacts

• Nokpa structures remain favourably oriented 
relative to prevailing joint sets, with only 
southwest aspect expected to be impacted by 
adverse wedge formations on fault NP_SZ3

• Footwall risks mitigated by shallow slope angles 
following orebody. 

• Unfavourable bullnose in this area potentially 
mitigated with shallow (<35°) overall slope angle

Probability of Occurrence
Joint-on-Fault Wedges
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Souwa & Enioda

Changes in 
highwall 
locations 
relative to DFS. 
> 100 m in 
areas
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Souwa

51° OSA
110 m Height
Strong Rock Mass

Domain Weathering Domain Azimuth From Azimuth To Bench Height
(m)

Bench Width
(m)

Bench Face 
Angle

(°)

Inter-Ramp 
Angle

Max Stack 
Height

(m)
South Saprock (MW/SW) 020 300 10 6.5 75 47.4 120
South Saprock (MW/SW) 300 020 10 8 75 43.1 120
South Fresh 020 300 20 8.5 75 55.3 120
South Fresh 300 020 20 11 75 50.7 120

DFS

RESOLUTE

100 – 150 m change in 
highwall location, < 50 m 
increase in depth
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Souwa

Planar Wedge Direct Topple

Domain Weathering Domain Azimuth From Azimuth To Bench Height
(m)

Bench Width
(m)

Bench Face 
Angle

(°)

Inter-Ramp 
Angle

Max Stack 
Height

(m)
South Saprock (MW/SW) 020 300 10 6.5 75 47.4 120
South Saprock (MW/SW) 300 020 10 8 75 43.1 120
South Fresh 020 300 20 8.5 75 55.3 120
South Fresh 300 020 20 11 75 50.7 120

Toppling risks 
mitigated with 75° 
BFA
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Kekeda

Planar Wedge Direct Topple

Domain Weathering Domain Azimuth From Azimuth To Bench Height
(m)

Bench Width
(m)

Bench Face 
Angle

(°)

Inter-Ramp 
Angle

Max Stack 
Height

(m)
South Saprock (MW/SW) 020 300 10 6.5 75 47.4 120
South Saprock (MW/SW) 300 020 10 8 75 43.1 120
South Fresh 020 300 20 8.5 75 55.3 120
South Fresh 300 020 20 11 75 50.7 120

Footwall risks mitigated by 
shallow slope angles 
following orebody
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ENIODA
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Enioda

Minimal change from DFS

Domain Weathering Domain Azimuth From Azimuth To Bench Height
(m)

Bench Width
(m)

Bench Face 
Angle

(°)

Inter-Ramp 
Angle

Max Stack 
Height

(m)
Enioda Saprock (MW/SW) 140 220 10 10 75 38.3 120
Enioda Saprock (MW/SW) 220 140 10 6.5 75 47.4 120
Enioda Fresh 100 140 20 10 75 52.5 120
Enioda Fresh 140 220 20 12 75 49 120
Enioda Fresh 220 100 20 8.5 75 55.3 120
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Enioda
Planar Wedge Direct Topple

Domain Weathering Domain Azimuth From Azimuth To Bench Height
(m)

Bench Width
(m)

Bench Face 
Angle

(°)

Inter-Ramp 
Angle

Max Stack 
Height

(m)
North Saprock (MW/SW) 040 320 10 6.5 75 47.4 120
North Saprock (MW/SW) 320 040 10 10 75 38.3 120
North Fresh 060 320 20 8.5 75 55.3 120
North Fresh 320 060 20 13 75 47.4 120
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KILOSEGUI
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Kilosegui

Planar

Wedge

Direct Topple

Footwall risks mitigated by design with 
wider catch benches required
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Kilosegui

Planar

Wedge

Domain Weathering Domain Azimuth From Azimuth To Bench Height
(m)

Bench Width
(m)

Bench Face 
Angle

(°)

Inter-Ramp 
Angle

Max Stack 
Height

(m)
Kilosegui Saprock (MW/SW) 100 340 10 6.5 75 47.4 120
Kilosegui Saprock (MW/SW) 340 100 10 8 75 43.1 120
Kilosegui Fresh 000 060 20 12 75 49 120
Kilosegui Fresh 060 120 20 10 75 52.5 120
Kilosegui Fresh 120 360 20 8.5 75 55.3 120

Footwall risks mitigated by design with 
wider catch benches required
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Doropo Saprolite Domains

Kilosegui

Doropo Area

E
nioda

Saprolite domains defined based on lab results. 
Doropo Area (Shallow & Deep Water Table): 
• mix of clay, silt, and sands
• moderately permeable (relative)
Kilosegui (Shallow Water Table):
• silty-sands
• highly permeable (relative)
Enioda (Moderate Water Table):
• clayey silts 
• low permeability (relative)

Groundwater domains are separated into 
estimated water table depths for Doropo.

Shallow Water Table

Deep Water 
Table
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Conceptual Saprolite Models

10 m Saprolite/10 m Saprock 20 m Saprolite/20 m Saprock 40 m Saprolite/20 m Saprock

*Inter-ramp angles displayed

Pit Length Max Depth Base of Sap/Lat (CW/HW) Base of Saprock (MW)
Depth (m) Depth (m)

Enioda 2200 90 20 - 35 45 - 60
Chegue Main 2000 90 30-40, thins to SW 30 - 60
Chegue South 1150 90 40 (North), 5 - 10 (South) 25 - 40

Han 1400 100 < 10 10 - 30
Kekeda 1500 90 10 - 20 20 - 45
Nokpa 750 120 5 - 15 20 - 30
Souwa 2500 140 25 - 40 45 - 55

Kilosegui A (NW) 2700 100 < 5 < 15
Kilosegui B (SE) 3700 125 10 - 20 20 - 35

Modelled saprolite thickness across pits can be broadly grouped into 2 
design scenarios: 
• < 20 m thick
• < 40 m thick
Saprolite < 10 m thick will use the < 20 m design.



35

© SRK Consulting (Canada) Inc. 2025. All rights reserved.

Saprolite Design Scenarios

Modelled Saprolite 
Thickness

Legend
• The goal will be to capture the range of saprolite material properties and the 

range of groundwater scenarios
• Saprolite models will be divided into 20 m thick and 40 m thick models
• The Doropo area models will be sub-divided into shallow, intermediate, and 

deep water tables
• Kilosegui and Enioda will be considered for the representative saprolite 

thickness and use distinct material properties from Doropo models
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Kilosegui

48° OSA
120 m Height
Moderate Rock Mass

DFS

RESOLUTE

Weathering domain different 
from original DFS

Changes in slope 
position/height
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• Thicker saprolite profile in optimization 
shells has not been, 25 m max thickness 
evaluated against existing design (FOS = 
1.27)

Kilosegui

Domain Design 
Domain

Bench 
Height

(m)

Bench 
Width

(m)

Bench 
Face 

Angle
(°)

Inter-
Ramp 
Angle

Max 
Stack 

Height
(m)

Factor of 
Safety 

(Hu = 0.8)

Factor of 
Safety 

(Hu = 0.6)

Doropo < 20 m Sap & Lat 5 4 60 36 20 1.60 1.60
Kilosegui Sap & Lat 5 4.5 60 34.1 20 1.40 1.37

25 m thick
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• Situated on a topographic high, Souwa and Chegue Main are 
expected to have a deep water table.

• This is favourable for stability and can support slightly steeper 
slope angles

Souwa

1.2561.256

W

1.2561.25620
0

18
0

16
0

14
0

12
0

10
0

80
60

-240 -220 -200 -180 -160 -140 -120 -100 -80 -60 -40 -20

1.26Deep Water Table
Hu = 0.8

Domain Design 
Domain

Bench 
Height

(m)

Bench 
Width

(m)

Bench 
Face 

Angle
(°)

Inter-
Ramp 
Angle

Max 
Stack 

Height
(m)

Factor of 
Safety 

(Hu = 0.8)

Factor of 
Safety 

(Hu = 0.6)

Souwa and Chegue Main Sap & Lat 5 5 60 32.4 20 1.26 1.30

32.4° IRA
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1.1411.1411.1411.141
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80

-200 -180 -160 -140 -120 -100 -80 -60 -40 -20
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0

16
0
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0
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-220 -200 -180 -160 -140 -120 -100 -80 -60 -40 -20

Doropo Area Thick Saprolite 20 – 40 m

25 m thick

• Thicker saprolite portions of Doropo show 
increased sensitivity to groundwater.

• Only the north wall of Chegue South is 
expected to have a shallow water table 
combined with thicker saprolite.

• Slope design is modified for Chegue South 
to reduce inter-ramp angles through these 
areas. Chegue Main is expected to have 
thick saprolite profiles

1.1 1.26 1.28

Chegue South
Shallow Water Table

Shallow Water Table
Hu = 0.8

Intermediate Water Table
Hu = 0.8

Deep Water Table
Hu = 0.8

25 m thick

Chegue Main - Deep Water Table

Domain Design 
Domain

Bench 
Height

(m)

Bench 
Width

(m)

Bench 
Face 

Angle
(°)

Inter-
Ramp 
Angle

Max 
Stack 

Height
(m)

Factor of 
Safety 

(Hu = 0.8)

Factor of 
Safety 

(Hu = 0.6)

Souwa and Chegue Main Sap & Lat 5 5 60 32.4 20 1.26 1.30
Chegue South Sap & Lat 5 5.5 60 30.8 20 1.28 1.33

32.4° IRA 32.4° IRA 32.4° IRA
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EXECUTIVE SUMMARY 
 A GEOTECHNICAL FEASIBILITY STUDY REPORT ON THE 

DOROPO PROJECT, CÔTE D'IVOIRE 
  

1 EXECUTIVE SUMMARY 
SRK Consulting (UK) Limited (SRK) is an associate company of the international group holding 
company, SRK Consulting (Global) Limited (the SRK Group). SRK has been requested by 
Centamin Plc (Centamin, hereinafter also referred to as the Company or the Client) to 
undertake a geotechnical Feasibility Study (FS) for Centamin’s Doropo Project (Doropo) located 
in north-east Côte d’Ivoire about 480 km from the capital Abidjan. The project area contains 
several deposits, of which a total of eight pits are being considered. The pits for which the study 
was undertaken were Chegue Main and Chegue South (CHG), Enioda (ENI), Han (HAN), 
Kekeda (KEK), Kilosegui (KLG), Nokpa (NOK), and Souwa (SWA). Seven of the proposed pits 
are within the Doropo area: ATI, CHG, ENI, HAN, KEK, NOK, and SWA. The remaining pit, 
Kilosegui (KLG), is located approximately 30 km to the southwest of the Doropo area. 

As part of the 2023 feasibility assessment, a total of 8 holes of approximately 820 m total length 
were completed. These drillholes were designed for two purposes: to infill geotechnical drilling 
and inform the geotechnical model; and to collect samples for laboratory testing. These are in 
addition to 33 drillholes completed for the 2023 PFS and 23 drillholes completed for the Scoping 
Study in 2018. 

1.1 Geotechnical Model 

The project lies within the West African craton, in the southern Leo-Man shield. The Doropo 
projects are found within the Paleoproterozoic Birrimian domain. This domain includes 
greenstone belts bounded by large areas of tonalitic granite-gneiss, trondheimite, and 
granodiorite. Later alkaline and calc-alkaline granitic intrusions occur throughout the package. 

Open pit stability will be controlled by shear strength of the rock mass within the weathered 
horizons and structurally controlled within the Fresh Rock. The geotechnical domain model 
considers the weathering model from a rock mass failure perspective. Structurally controlled 
failure in the Fresh Rock will be considered through the structural model and structural domain 
model. 

The objective of the geotechnical domain model is to provide a representation of the variability 
of the rock properties across the deposit area. A geotechnical domain is a volume of rock which 
has similar overall characteristics and properties. The rock mass is variable by nature, and as 
such, a simplification of the parameters with similar units is required for analysis and design 
purposes.  
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1.2 Weathering Model 

The geotechnical model primarily comprises the weathering domains modelled for each pit. 
There are six modelled weathering horizons (Figure ES 1), which have been refined into three 
distinct weathering domains for design purposes (Table ES 1). 

 
Figure ES 1: Geological model of weathering zones 

Table ES 1: Weathering domains 

Weathering Code Weathering 
Domain Description Rock 

Strength Fracture 
Frequency 

Completely 
Weathered (CW) 

Saprolite/Laterite 

No constituent minerals are 
recognizable, except in part 
quartz grain (in the case of 
Doropo). 

R0 40 

Highly Weathered 
(HW) 

Unconsolidated, some 
constituent minerals are visible 
including quartz which is 
abundant and some rare 
feldspars  

R0 - R1 40 

Moderately 
Weathered (MW) 

Saprock 

Consolidated although crumbly, 
only few minerals are 
recognizable, quartz and 
feldspars are little or no altered, 
but micas are almost completely 
altered (all rusty). 

R0 - R2 20-40 

Slightly Weathered 
(SW) 

Consolidated, most of the 
minerals are recognizable, 
quartz and feldspars are not 
altered, but micas are partially 
altered (rusty). 

R3 - R5 0 - 5 

Fresh (FR) Fresh None of the constituents are 
altered. R3 - R5 0 - 5 

1.3 Structural Model 

Deposit-scale structures typically emulate regional-scale structures. The dominant structural 
patterns in the deposits formed during regional deformation which resulted in brittle-ductile 
shear zones that are overprinted by later brittle faults. Structural data, such as the orientation 
of faults, fractures and joints in drill holes, geotechnical logging data (RQD/recoveries) and gold 
grade interpolants, allow for the modelling of mineralised structures and structural 
discontinuities in the deposit, that can be linked to shear zones, faults, and cross-cutting dykes.  
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1.5 Saprolite Design 

Bench face design philosophy in saprolites represents a compromise between minimising 
erosion from surface water run-off (steeper bench faces more favourable) and maintaining 
stability (where shallower bench faces are more stable). Benches in Saprolite will be free dug 
using the excavator and cut back to the desired bench face angle (BFA).  

Bench and inter-ramp design in the Saprolite will be dependent on the overall thickness of the 
saprolite horizons and will be managed by increasing bench widths to reduce the IRA as the 
thickness of the weathered domain increases (Table ES 2). Bench face angles for the Saprolite 
will be set at 60° to encourage drainage off the faces. Berms should be graded at 2-3% into the 
pit to encourage sheet flow and surface water run-off, thus reducing erosion. 

Mining in the Saprolite will be unpredictable at times, with local changes in material properties, 
groundwater conditions, or relict structures that may cause instabilities. Saprolite mining must 
be dynamic, with the technical services team empowered to implement design or sequence 
changes and dewatering wells or drains as required. Inter-ramp stack heights should be limited 
to 20 m, with a 15 m geotechnical berm placed between stacks. The base of the saprolite should 
also have a 15 m geotechnical berm before entering the Saprock and Fresh Rock domains. 
These geotechnical berms serve two purposes: to decouple the slopes and promote local 
depressurisation of the stacks, and to enable access to the slopes for remediation and surface 
water management. 

Table ES 2: Saprolite (CW & HW) design recommendations 

Domain Design 
Domain 

Bench 
Height 

(m) 
Bench 
Width 

(m) 
Bench 
Face 
Angle 

(°) 

Inter-
Ramp 
Angle 

Maximum 
Stack 
Height 

(m) 

Factor of 
Safety  

(Hu = 0.8) 
Factor of 

Safety  
(Hu = 0.6) 

Enioda Sap & Lat 5 5.5 60 30.8 20 1.30 1.36 
Doropo < 20 m Sap & Lat 5 4 60 36 20 1.60 1.60 
Doropo < 40 m Sap & Lat 5 5 60 32.4 20 1.26 1.30 

Kilosegui Sap & Lat 5 4.5 60 34.1 20 1.40 1.37 
 

1.6 Saprock and Fresh Rock Design 

Bench design for the Saprock and Fresh Rock domains is driven by kinematic instabilities and 
increasing bench widths to maintain suitable catchment. The achievable inter-ramp angles are 
a function of the bench geometries. The contact between the Saprock and Fresh Rock is 
expected to be variable in terms of depths around the pits, and some flexibility will be required 
during implementation. The Saprock designs will be limited to a bench height of 10 m to mitigate 
potential kinematic failures exacerbated by weathered fractures. The Fresh Rock will optimize 
to a 20 m bench height based on improved geotechnical conditions (Table ES 3). 

There will be no geotechnical berms required for the current design configurations in the 
Saprock and Fresh Rock domains. Pit depths within these units are less than a practical 
geotechnical berm spacing of 120 m. The requirement for a geotechnical berm at the top of the 
Saprock/base of saprolite of 15 m remains. 

Table ES 3: Saprock and Fresh Rock design recommendations 

Domain Weathering 
Domain 

Azimuth 
From 

Azimuth 
To 

Bench 
Height 

(m) 

Bench 
Width 

(m) 

Bench 
Face 
Angle 

(°) 

Inter-
Ramp 
Angle 

Maximum 
Stack 
Height 

(m) 
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A GEOTECHNICAL FEASIBILITY STUDY REPORT ON THE 
DOROPO PROJECT, CÔTE D'IVOIRE 

1 INTRODUCTION 

1.1 Background 

SRK Consulting (UK) Limited (SRK) is an associate company of the international group holding 
company, SRK Consulting (Global) Limited (the SRK Group). SRK has been requested by 
Centamin Plc (Centamin, hereinafter also referred to as the Company or the Client) to 
undertake a geotechnical Feasibility Study (FS) for Centamin’s Doropo Project (Doropo) located 
in north-east Côte d’Ivoire about 480 km from the capital Abidjan (Figure 1-1). 

 

Figure 1-1: Doropo project area, Côte d'Ivoire 

In August 2018, SRK completed a Preliminary Geotechnical Assessment (Scoping Study Level) 
of the six pits associated with Centamin’s Doropo gold mining complex with the aim of 
developing geotechnical slope design criteria for pit optimisation studies associated with a 
Preliminary Economical Assessment (PEA). The pits for which the study was undertaken were 
Attire (ATI), Chegue Main and Chegue South (CHG), Enioda (ENI), Han (HAN), Kekeda (KEK), 
Kilosegui (KLG), Nokpa (NOK), and Souwa (SWA). 
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A total of 9 pits were analysed for the Pre-Feasibility (PFS) investigation completed by SRK in 
2023 within two distinct areas: Doropo and Kilosegui. Eight of the proposed pits are within the 
Doropo area: ATI, CHG, ENI, HAN, KEK, NOK, and SWA. The remaining pit, Kilosegui (KLG), 
is located approximately 30 km to the southwest of the Doropo area. 

For the feasibility investigation, a total of 8 pits were assessed with ATI being removed from the 
resource at the current level of study. 

1.2 Terms of Reference 

The scope of work for the feasibility study was developed as part of the PFS investigation. The 
project was initiated prior to the start of the summer 2023 drilling campaign to ensure that 
appropriate geotechnical drilling targets were established and incorporated into the 2023 drilling 
campaign. 

2 DATA SOURCES 

2.1 Previous Studies and Reports 

Previous reports made available for the assessment are shown in Table 2-1. 

Table 2-1: Previous studies and reports 
Study Area Source Data Year 

Geology 

H&S Consultants 
Pty. Ltd. 

NI 43-101 Technical Report Mineral Resource 
Estimates of the Doropo Project 2019 

Cube Consulting Internal Resource Estimate of Doropo Project 2021 

Centamin Doropo Gold Project PEA Update 2021 

Structural 
Geology 

Tektonik 
Consulting Ltd. Review of Structural Controls on Mineralisation 2017 

JunCowan Doropo Gold Mineralisation Patterns 2019 

Geotechnical SRK Preliminary Geotechnical Assessment for Doropo 
Open Pits 2018 

 SRK Pre-Feasibility Assessment for Doropo 2023 

2.2 Field Investigations 

As part of the 2023 feasibility assessment, a total of 8 holes of approximately 820 m total length 
were completed (Table 2-2). These drillholes were designed for two purposes: to infill 
geotechnical drilling and inform the geotechnical model; and to collect samples for laboratory 
testing. These are in addition to 33 drillholes completed for the 2023 PFS and 23 drillholes 
completed for the Scoping Study in 2018 (Figure 2-1). 
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Table 2-2: 2023 Feasibility geotechnical drilling 

HoleID Easting Northing Elevation Prospect Depth Azimuth Dip 
DPDD3583 481066.578 1078318.691 314.2526 CHG 102.6 14.6 62.4 
DPDD3584 481451.495 1077413.51 301.2878 CHG 60.15 94.2 61.2 
DPDD3585 481425.171 1077061.794 297.0661 CHG 80.1 26.2 61.9 
DPDD3586 491994.591 1075129.907 295.7706 ENI 105 339.1 59.9 
DPDD3587 478672.283 1075716.495 340.7375 SWA 150.35 321.9 60.8 
DPDD3588 459076.743 1055258.919 354.3593 KLG 120.1 121.7 60 
DPDD3589 461476.827 1053890.2 369.226 KLG 120.05 300.5 60.5 
DPDD3590 491953.619 1074489.844 299.2094 ENI 80 270.3 58.8 

 

Figure 2-1: Distance to geotechnical drilling completed between 2018 and 2023 
compared to the PFS pit shells 
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2.2.1 Geotechnical Drilling Program 

The Bieniawski 1989 Rock Mass Resting (RMR89) method was used to collect geotechnical 
logging data for this project. The intervals for the geotechnical logging were domained by similar 
rock mass characteristics or lithotype and not logged on a run-by-run basis. Also available were 
data from the scoping study level investigations (SRK, 2018), which were logged in the same 
format.  

Geotechnical drilling was completed using single tube NQ tooling. Typically, geotechnical 
drilling is completed using triple tube tooling (HQ or NQ). As a result of this, the rock was 
frequently broken and spun in the tubes and orientation line continuity was poor. The RMR may 
be slightly underestimated by including discontinuities that may have remained intact but were 
opened during drilling or core handling. 

RMR89 uses a classification system graded from 0 to 100 to indicate the rock mass quality, with 
higher values indicating a more competent rock mass. Table 2-3 outlines the empirical 
descriptions of the rock mass based on different ranges of RMR89 values and used to describe 
the various geotechnical domains identified. 

Table 2-3: Empirical rock mass descriptions for RMR89 values 
Rating 100 - 81 80 - 61 60 - 41 40 - 21 <20 

Description Very good 
rock Good rock Fair rock Poor Rock Very poor 

rock 

The RMR89 system collects five parameters: Intact Rock Strength (IRS), Rock Quality 
Designation (RQD), Joint Spacing, Joint Conditions, and Groundwater Condition. Each 
parameter is assigned a value, which are summed to calculate the overall RMR89 value. As 
groundwater conditions cannot be determined during logging all RMR89 values presented in this 
report are assumed dry. Rating parameters are outlined in Figure 2-2.  

Geotechnical logging was completed by the project site geologists. As part of the feasibility 
study, SRK completed QA/QC of the logged geotechnical parameters for each drillhole against 
the core photos. The aim of the QA/QC checks was to ensure any errors that may have been 
incorporated into the dataset due to incorrect logging or data entry were corrected. Each 
drillhole was plotted as a striplog using Strater 5, and the compiled striplogs and processed 
geotechnical data are presented in Appendix A. 
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Figure 2-2: Bieniawski 1989 rock mass rating classification system 

2.2.2 Oriented Drilling 

The Reflex ACT III tool was used for core orientation. The core orientation tool uses 
accelerometers to sense the 'low side' of the core tube, known as bottom hole orientation. The 
instrument uses the stored accelerometer information that is associated with the core breaking 
time and guides the user to position the tool so that the same low-side position is reproduced 
on the surface. Once the core has been retrieved from the core barrel, all individual core pieces 
are connected until firmly interlocked and the orientation line is drawn where the orientation 
mark on the bottom end core stub was made. 

The orientation of discontinuities can then be determined through the measurement of the alpha 
angle (the inclination of a feature relative to the core axis) and the beta angles (the angular 
location of the bottom of the ellipse formed from the joint intersection with the core 
circumference relative to the orientation line). The alpha and beta angles are rotated to true dip 
and dip direction values for each discontinuity using the survey trace of the borehole. A total of 
276 of 480 logged features were oriented with alpha and beta angles. 

2.2.3 Laboratory Testing 

Laboratory testing of the saprolite, Saprock, and Fresh Rock domains was completed at 
Geolabs Ltd. in the UK during the feasibility program in 2023. A range of test types were 
conducted on the samples, which were divided into soils testing, soils/rock testing, and Fresh 
Rock tests (Table 2-4). 
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Table 2-4: Summary of laboratory samples tested during feasibility program 

 
CHG 

MAIN 
CHG 

SOUTH ENI KLG SWA Grand 
Total 

Soil 8 7 34 10 18 77 

Atterberg Limits, Moisture Content 3 4 14 4 6 31 

Particle Size Distribution by Wet Sieve Analysis 3 1 12 3 6 25 

Single Stage Undrained Triaxial testing 2 2 8 3 6 21 

Trans Rock 3 1  5 9 18 

Particle Size Distribution by Wet Sieve Analysis 1    3 4 

Single stage Triaxial Testing    1  1 

UCS with Young's & Poisson's 2 1  4 6 13 

Fresh 4 10 7 16 7 44 

Direct Shear of Natural Joint 2 5 3 7 2 19 

Multi-stage Triaxial Testing 1   1 2 4 

Single stage Triaxial Testing  2  2  4 

UCS with Young's & Poisson's 1 3 4 6 3 17 

Grand Total 15 18 41 31 34 139 

 

2.2.4 Site Visit 

As part of the feasibility study, a site visit to the project area was completed by SRK’s Mr Sam 
Tims during October 2023. The purpose of this visit was to review core conditions and to 
understand the local context for the proposed pit areas. Due to security concerns, the visit did 
not include HAN and ENI. The proposed pit areas are visually similar, with generally flat 
topography. No outcrop is visible at site. Ground conditions are generally similar for the visited 
areas, with sandy weathered material forming much of the terrain (Figure 2-3). 

 

Figure 2-3: Kilosegui area topography and sandy /silty overburden 

  



SRK Consulting  Doropo Feasibility Report – Main Report 

32094 - Doropo FS Report_DRAFT_20240606.docx   June, 2024 
Page 7 of 69 

3 GEOLOGICAL SETTING 
After Centamin, 2021: 

The project lies within the West African craton, in the southern Leo-Man shield (Figure 3-1). 
The Doropo projects are found within the Paleoproterozoic Birrimian domain. This domain 
includes greenstone belts bounded by large areas of tonalitic granite-gneiss, trondheimite, and 
granodiorite. Later alkaline and calc-alkaline granitic intrusions occur throughout the package. 

 
Figure 3-1: Map of West African Craton (source: Centamin, 2021) 

Main tectonic activity occurred ~2.5 – 1.6 billion years ago during the Eburnean megacycle. 
Following this, large regional brittle deformation, characterized by NW-SE oriented dolerite 
dykes occurred. The Doropo resource area is located within Paleoproterozoic granitoids (Figure 
3-2). This is a homogenous, medium to coarse grained granodiorite, which is locally intruded 
by dykes. The dykes are variably biotite-rich or aplitic and these are mainly associated with the 
Nokpa, Chegue South, Enioda, and Kekeda deposits. Away from the mineralized zones, 
alteration includes epidote-chlorite and hematite. Haematite alteration can be very strong 
adjacent to the dolerite dykes. There are localized haematite and silica alteration, and a silica-
sericite alteration that often overprints these. The alteration is not expected to have an impact 
on rock strength and is not considered further for the geotechnical domain model.  
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Figure 3-2: Geology map of Doropo (source: Centamin, 2021) 

3.1 Geology and Mineralisation 

After Centamin, 2021: 

The mineralization is linked to specific regions of intense alteration of silica and sericite, which 
are concentrated within and along the edges of narrow shear zones measuring 5-10 m in width, 
with some areas reaching 20-25 m. The granodiorite in areas outside of these mineralized 
zones shows limited deformation.  

The mineralization at Doropo is concentrated in planar zones and follows a great circle on the 
stereonet with a plunge towards 30/295°. This direction is consistent with the linear direction of 
mineralization within these planar zones and can be used to further explore the deposits (Figure 
3-3). The Kilosegui deposit is shear-hosted but may be related to the Doropo deposit. Even 
though it is oriented in a different direction it could have been formed under similar stress 
conditions. Further drilling is needed to confirm this hypothesis and determine if the poles of 
the planar grade continuity at Kilosegui align with the great circle defined by the Doropo zones.  

Mineralization is a result of a massive fluid flow system that deposited the gold during the 
transition from ductile to brittle-ductile deformation. Quartz-carbonate veining is similar at all 
prospects and generally shows an increase in shear textures and fabric in proximity to the veins. 



SRK Consulting  Doropo Feasibility Report – Main Report 

32094 - Doropo FS Report_DRAFT_20240606.docx   June, 2024 
Page 9 of 69 

 
Figure 3-3: Down-plunge view showing kinematic pattern shared between Doropo 

and Kilosegui (source: JunCowan, 2019) 

3.2 Major Lithological Units 

The following descriptions are representative of the deposits across the Doropo and Kilosegui 
project areas after Centamin, 2021: 

3.2.1 Granite and Granodiorite 

The major lithological unit is the granite and granodiorite unit, part of the Leo-Man shield. This 
unit is variably described in the geological logs from granite to granodiorite but is assumed to 
be consistent for geotechnical design purposes. This unit is generally undeformed in the Doropo 
area (Figure 3-4). As mineralization occurred during brittle-ductile deformation, there is shearing 
proximal to mineralized zones. The granodiorite/granite has a developed fabric related to 
shearing that extends to at least the pit extents at ENI and KLG (Figure 3-5). 
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Figure 3-4: Example of undeformed granodiorite from DPDD3558 (Chegue South) 

 
Figure 3-5: Example of weakly foliated granodiorite from DPDD3575 (Kilosegui) 
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3.2.2 Dykes 

Major dykes are relevant to Chegue South and Nokpa (Figure 3-6 and Figure 3-7). These form 
barren zones in the deposits. The dykes are representative of late-stage brittle deformation, 
and often show an increased level of damage as compared to the granodiorite country rock. 
The dykes intruded along pre-existing faults and are related to structural trends seen in the pits 
where they are present. The dyke and margins are variably faulted and intact at Nokpa, and no 
diamond drilling (and core photos/geotechnical data) is available for Chegue South. The dyke 
at Chegue South will not be mined and is unlikely to impact stability with current pit geometries.  

 
Figure 3-6: Modelled dykes at Chegue South and Nokpa 

 
Figure 3-7: Dolerite dyke example from DPDD1427 (Nokpa) 
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The shear parallel dyke at Kekeda appears to have a faulted contact (Figure 3-8). As the dyke 
is adjacent to and parallel to mineralization, this structure will be mined out and is unlikely to be 
undercut and pose a risk to slope stability. Further information on structural patterns are 
described in Section 0. 

 
Figure 3-8: Dyke intercept at Kekeda showing faulted contact at 45 m; mineralized 

zone located below dyke (dark unit) 

3.2.3 Mafics 

The loosely grouped mafics unit is significant only for the Enioda deposit. These mafics 
represent interlayered amphibolite units (Figure 3-9). Enioda occurs in a slightly different 
lithological environment, with granite-gneiss and amphibolite. The sheared amphibolite appears 
to be limited to only the central portion of the deposit. 



SRK Consulting  Doropo Feasibility Report – Main Report 

32094 - Doropo FS Report_DRAFT_20240606.docx   June, 2024 
Page 13 of 69 

 
Figure 3-9: Representative box photo from DPDD3562 (Enioda) showing inter-

layered amphibolite and gneiss 

 
Figure 3-10: Locations of Enioda where amphibolite has been identified 

3.2.4 Veins 

Limited intersections of veins were logged across the geotechnical drilling. The majority of 
logged vein intersections correspond to the mineralized zone. These will not form a separate 
geological domain due to being removed by mining. 
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3.3 Topography 

The project area lies in a gently undulating landscape with numerous drainage channels. At the 
Doropo area local topography ranges from ~270 – 350 m elevation. The pits can be found in 
various locations throughout the area, including near the tops of hills and the base of valleys. 

Kilosegui is located approximately 30 km to the SW (Figure 3-11) at a topographic high relative 
to Doropo. The deposit is generally oriented along a gentle valley, with local elevations ranging 
from 340 – 390 m above sea level.  

 
Figure 3-11: Doropo area topography with proposed pit locations (shaded areas) to 

give context to the significant spatial area encompassed by the project 

3.4 Weathering 

The hot, humid climate and intense rainfall within the region has resulted in a weathering profile 
of variable depth which has contributed to the generation of residual soils. In general, the 
degree of weathering decreases with depth resulting in different tropical soil horizons. While 
the “contacts” between each horizon are typically gradational, it is necessary to differentiate 
them for engineering purposes. 

Nomenclature for different soil horizons can differ in the literature. The weathering profiles used 
in this report are derived from communications with Centamin and descriptions of the geological 
models.  

There are two models of the weathering domain. The first is a resource domain weathering 
model, reflecting boundaries used for the resource estimation. These domains are separated 
into a base of oxide surface, and a top of Fresh Rock surface. These domains are not suitably 
refined to use in the geotechnical model and are not further discussed in this report.  
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Figure 3-12: Typical saprolitic weathering (from Fookes, 1997) 
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Figure 3-13: Depth to base of CW (base of laterite) weathering horizons for each pit 
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Figure 3-14: Depth to base of HW (base of Saprolite) weathering horizon for each pit 
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Figure 3-15: Depth to base of MW weathering horizon for each pit 
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Figure 3-16: Depth to base of SW (top of Fresh Rock) weathering horizon for each pit 
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4 STRUCTURAL GEOLOGY 

4.1 Regional Structures 

Regional aeromagnetic imagery and Gradient Array Induced Polarisation (GAIP) survey data 
shows complex structural patterns that are interpreted to represent brittle and ductile fault 
networks and other fabric elements in the granite and gneissic host lithologies.  

Interpreted fault patterns in the license areas consists of NW-SE (050°) and N-S to NNE-SSW 
(355°-010°) trending structures that link together, either abruptly at branch points, or as curved 
faults which change strike over several hundreds of metres. Generally, the N-S/NNE-SSW 
striking structures tend to terminate more often at NE-SW structures (Bonson, 2017).  

 
Figure 4-1: Interpretation of salient faults within Doropo Project area, modified from 

Respot’s interpretation (Bonson, 2017) 

4.2 Deposits-scale structures 

Deposit-scale structures typically emulate regional-scale structures. The dominant structural 
patterns in the deposits formed during regional deformation which resulted in brittle-ductile 
shear zones that are overprinted by later brittle faults. Structural data, such as the orientation 
of faults, fractures and joints in drill holes, geotechnical logging data (RQD/recoveries) and gold 
grade interpolants, allow for the modelling of mineralised structures and structural 
discontinuities in the deposit, that can be linked to shear zones, faults, and cross-cutting dykes.  

The orientations of the deposit-scale mineralised structures, interpreted as brittle-ductile shear 
zones and veins in the Doropo deposits, show variable trends from NE-SW, NW-SE, E-W to N-
S. The dominant trends in Cheque, Enioda, Han, Kekeda, Nokpa and Souwa is N-S and NE-
SW, whereas Kilosequi and Attire show NW-SE and WNW-ESE trends.  
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Structural discontinuities such cross-cutting faults were interpreted from geotechnical logging 
data (RQD, recoveries), structural orientation measurements from orientated drill core, 
apparent discontinuities seen, Au grade interpolants, and structural trends interpreted from 
regional geophysics. The dominant trends are NE-SW (Cheque, Kilosegui and Souwa), N-S 
(Cheque), NW-SE (Enioda) and E-W (Kilosegui and Souwa). Structural trends are summarised 
in Table 4-1Exploration drillhole logging and interpretative maps from regional aeromagnetic 
data show NW-SE trending subvertical mafic dykes in Chegue South and Nokpa, and a shallow-
dipping, NE-SW dyke at Kekeda. The 3D wireframes generated for the structural model can be 
found in Appendix C. 

Table 4-1: Summary Table of Main Structural Trends 

 
 Information interpreted from modelled surfaces of the trends of Au intercepts in exploration drill holes and the 
interpreted orientation of cross-cutting faults and dykes in the Doropo deposits. 

Mafic Dykes

Stereonet Trend Stereonet Trend Stereonet Trend

Attire NW-SE

Cheque South
N-S, NNE-

SSW to NNW-
SSE

NE-SW NW-SE

Cheque Main NE-SW N-S, NE-SW

Enioda N-S, NNE-SSW NW-SE

Han NE-SW

Kekeda NE-SW NE-SW

NE-SW, E-W

E-W

Nokpa NW-SE, E-W NW-SE

Souwa N-S, NW-SE, 
NE-SW

NE-SW, E-W

DEPOSIT-SCALE STRUCTURES

Mineralised Shear

Project

Faults

Kilosegui NW-SE
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4.3 Foliation 

The emplacement of the Doropo area veins was during a transition from ductile to brittle 
deformation. Veins are hosted within brittle-ductile shear zones where strain was highest. The 
lithological units near the shear zones have a weak to moderately developed foliation (Figure 
4-2). Persistent fabrics are important for design as they can impact bench performance by 
contributing to kinematic failures.  

Of the observed core, only three deposits show foliation consistently in the core outside of 
mineralized zones: Enioda, Souwa, and Kilosegui. Foliation is generally shallowly dipping for 
all deposits and may increase in intensity closer to mineralization. Limited foliation 
measurements have been taken across all deposits; however, it appears that the foliation is 
generally parallel to mineralization at each location (Tektonik, 2017). The foliation generally 
appears strong, and of the deposits identified, the foliation would dip shallowly along 
mineralization (<30°), and, as such, is unlikely to have an impact on wall stability. The foliation 
may contribute to failures within the saprolite; however, it is challenging to identify whether the 
foliation has developed strongly enough to cause an anisotropy in the strength, or whether 
these relict structures will exist in the saprolite. An example of foliation is shown in Figure 4-2. 

 
Figure 4-2: Example of moderately developed foliation in Enioda (DPDD3562) 
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5 GEOTECHNICAL MODEL 
Open pit stability will be controlled by shear strength of the rock mass within the weathered 
horizons and structurally controlled within the Fresh Rock. The geotechnical domain model 
considers the weathering model from a rock mass failure perspective. Structurally controlled 
failure in the Fresh Rock will be considered through the structural model and structural domain 
model. 

The objective of the geotechnical domain model is to provide a representation of the variability 
of the rock properties across the deposit area. A geotechnical domain is a volume of rock which 
has similar overall characteristics and properties. The rock mass is variable by nature, and as 
such, a simplification of the parameters with similar units is required for analysis and design 
purposes.  

5.1 Lithological Domains 

Based on the regional geology context, the deposits have been sub-domained into three major 
areas: Doropo, Kilosegui, and Enioda (Figure 5-1). For the Doropo area, laboratory testing was 
completed at Chegue and Souwa. The lithologies considered for the geotechnical domain 
model include granodiorite, the dolerite dykes in Chegue South and Nokpa, and the mafic units 
at Enioda. Each domain was individually assessed for rock mass quality and rock strength as 
part of the geotechnical characterization work.  

 

Figure 5-1: Major lithological domains 
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5.2 Weathering Domains 

The geotechnical model primarily comprises the weathering domains modelled for each pit. 
There are six modelled weathering horizons (Figure 5-2), which have been refined into three 
distinct weathering domains for design purposes (Table 5-1). 

 
Figure 5-2: Geological model of weathering zones 

Table 5-1: Weathering domains 

Weathering Code Weathering 
Domain Description Rock 

Strength Fracture 
Frequency 

Completely 
Weathered (CW) 

Saprolite/Laterite 

No constituent minerals are 
recognizable, except in part 
quartz grain (in the case of 
Doropo). 

R0 40 

Highly Weathered 
(HW) 

Unconsolidated, some 
constituent minerals are visible 
including quartz which is 
abundant and some rare 
feldspars  

R0 - R1 40 

Moderately 
Weathered (MW) 

Saprock 

Consolidated although crumbly, 
only few minerals are 
recognizable, quartz and 
feldspars are little or no altered, 
but micas are almost completely 
altered (all rusty). 

R0 - R2 20-40 

Slightly Weathered 
(SW) 

Consolidated, most of the 
minerals are recognizable, 
quartz and feldspars are not 
altered, but micas are partially 
altered (rusty). 

R3 - R5 0 - 5 

Fresh (FR) Fresh None of the constituents are 
altered. R3 - R5 0 - 5 
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Saprolite and Laterite (CW and HW) 

The saprolite and laterite units have been combined into one design domain because of the 
limited thickness of logged residual soils across the project site. In general, the laterite units 
have been modelled with thicknesses up to approximately 10 m, with 85% of laterite intercepts 
less than 5 m thick. The overall thickness of this unit measures one bench height and does not 
currently require separate designs (Figure 5-3).  

 
Figure 5-3: Representative box photos showing laterite (logged as CW) and 

saprolite (logged as HW) 
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Fresh Rock (FR) 

The Fresh Rock domain encompasses all rock below the weathering horizons and classified by 
field strengths of >= R3 (>= 25 MPa). It exhibits no weathering, or limited weathering/staining 
on joint surfaces (Figure 5-5). Fresh Rock does not preclude weakness planes or damage due 
to faulting.  

 
Figure 5-5: Fresh Rock 

Using the provided wireframes, each pit area was constructed as a 3D geotechnical domain 
model in Leapfrog Geo (Figure 5-6). The geological models were clipped using the design pits 
from the PFS study. These models are used to visualize the variability of thickness of the 
weathering zones as well as spatial constraints on this variability. 

 

Figure 5-6: Geotechnical domain model for Chegue Main 

5.3 Strength Results 

The material testing completed for the feasibility study has been subdivided into the three main 
weathering domains: saprolite, Saprock, and Fresh Rock.  
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Figure 5-9: Consolidated undrained triaxial test results and interpretation by 
prospect 

5.3.2 Saprock and Fresh Rock Strength Results 

Materials testing of the Saprock is inherently unreliable due to the significant variability of 
strength within the unit. Materials within the Saprock comprise strengths of R1 – R5, depending 
on the degree of weathering. High strength, relatively unweathered materials can be adjacent 
to completely weathered materials within fractures which compounds the challenges of 
assigning a representative strength value. 

Uniaxial compressive strength (UCS) testing results show a range of values from the various 
pits and weathering horizons (Figure 5-10). These have been coarsely grouped into results 
based on weathering domain, with the highly weathered saprolite materials showing the lowest 
UCS, and a gradational improvement in strength through the moderately weathered Saprock. 
The Fresh unit shows the highest strengths, with a range between 100 – 200 MPa. The Fresh 
Rock tends to show a binomial distribution of strength results, with clustering around 150 MPa 
and 200 MPa. There are no observable differences in strength results across the project area.  

A total of 8 samples were tested using single stage and multi-stage triaxial testing to further 
understand the performance of the rock under confinement. These results show a similar 
binomial trend to the UCS results. These results show high strength increases with 
confinement, with an approximated best-fit curve using a mi value of 35. This is at the upper 
end of the expected values for these units. 
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Figure 5-10: UCS results  

 

Figure 5-11: Triaxial test results with approximated best-fit curves using mi 35 

5.4 Structural Domain Model 

5.4.1 Minor Structure Model 

Minor structures are features with limited persistence, generally less than 30 m. These 
discontinuities include joints, fractures, and fabric. These are measured during geotechnical 
logging and oriented relative to the drillhole. The discontinuities are then plotted on stereonets 
and queried for location, lithologies, and within geological domains to identify groupings of 
similarly oriented features. 
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These groupings, or joint sets, are used for the kinematic assessment for structurally controlled 
failures. In general, the discontinuity orientations are similar between all deposits, and local 
changes in orientations are considered to improve the resolution of the probabilistic kinematic 
analyses. 

The structural data, which has been collected over multiple campaigns, was evaluated for 
quality by plotting stereonets for each drillhole (Figure 5-12). Plots by drillhole are evaluated for 
quality prior to including in the combined stereonet. These plots are used to identify possible 
errors in the data collection or correction of the oriented features from alpha/beta to true dip 
and dip direction. All oriented drilling data were compiled and plotted on stereonets by drillhole 
and by deposit area (Figure 5-13). The summary of each pit and all oriented data is found in 
Appendix B. 

 

 

Figure 5-12: Example from Han deposit showing evaluation of each stereonet for 
quality prior to including in a compiled dataset 
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Figure 5-13: Compiled stereonets per deposit 

The deposits were merged when similar orientations of main structural sets were identified to 
determine the structural domain model. In order to inform this, it is important to understand the 
impacts of sampling biases related to the drillhole orientation. Features that are approximately 
parallel to the drillhole trace are under-sampled and may not be easily identified as major joint 
sets. Blind zones are used to identify regions of the stereonets where joints may be under-
sampled. These are considered when defining representative joint sets for each structural 
domain (Figure 5-14).  

The structural data were grouped into structural domains based on similar identified joint sets 
(Figure 5-15). Three structural domains were identified for the Doropo area, with the large, NW-
striking dolerite dyke forming the approximate boundary between the North and South domains. 
Enioda remains an independent domain, reflecting the different geological context of the 
deposit.  

Major joint set orientations were identified for each domain, which were then used to compute 
joint spacing estimates for the regions. These estimates are used in the probabilistic kinematic 
analyses for determining the bench-berm configurations for the pits (Figure 5-16). Note that the 
naming scheme is consistent between the domains, even when structures were not identified, 
i.e., J1 is not present at Enioda, but is included in the data set nomenclature. 

The same methodology was applied to Kilosegui (Figure 5-17). Due to the different structural 
context for the deposit, Kilosegui is treated as its own domain. Naming schemes for major joint 
sets are consistent with Doropo area structural domains (Figure 5-18). 
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Figure 5-14: Compiled stereonets by deposit showing sampling biases; areas in red 
are under-sampled due to drillhole orientations 

 

Figure 5-15: Structural domains identified for Doropo area 
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Figure 5-16: Summary of major joint set orientations per structural domain  

 

Figure 5-17: Compiled stereonet for Kilosegui 
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Figure 5-18: Major joint sets identified at Kilosegui 
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5.4.2 Major Structures 

Major structures were modelled for each pit. These are not inclusive of all expected structures, 
but rather model the patterns expected for each pit. Modelled structures are generally narrow 
with limited damage zone extents. Structures form narrow brittle damage zones with occasional 
presence of gouge. Damage zone extents rarely exceed 1 m in total thickness (Figure 5-19). 

 

Figure 5-19: Examples of modelled structural intercepts from Enioda, Kilosegui, and 
Chegue Main 

The orientation of the modelled structures shows good similarity to the small-scale structural 
model for each domain (Figure 5-20). This shows good agreement between the macro and 
micro-scale structures. In terms of predicting failures, the results of the kinematic assessment 
using the selected joint sets will give indications of where fault and joint combinations can form 
unstable blocks.  

The modelled faults are favourably oriented for stability, with a combination of sub-vertical dips 
and strikes that are perpendicular to walls (Figure 5-21). Footwall parallel shear zones are 
mineralized and will be mined out and not undercut. If the footwall were to be undercut these 
structures could be adverse for slope stability. The 3D wireframes comprising the structural 
model are provided in Appendix C, and the summary of the modelled wireframes in comparison 
to the geotechnical domain model provided in Appendix B. 
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Figure 5-20: Major structures (black poles) compared to structural domain stereonets 

 

Figure 5-21: Example of structural model for SWA 
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5.4.3 Shear Strength of Structural Defects 

During the geotechnical drilling campaigns, all fractures were logged with representative joint 
condition parameters using the Rock Mass Rating system (Figure 5-22). In general, the joint 
conditions were largely similar for all major units. Joints exhibited slightly rough surfaces, no or 
slight infill, limited weathering of joint walls, and tight apertures. These conditions demonstrate 
an expectation of moderate to high frictional strengths of the joint surfaces, which were 
validated using laboratory testing. 
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Figure 5-22: Logged joint conditions for major lithologies and weathering domains
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Nineteen natural joint samples were tested using multi-stage direct shear testing across four 
pits: CHG, ENI, SWA, and KLG. The associated deposits coincide with the selected structural 
domains: Doropo South (Souwa), Doropo North (Chegue), Enioda, and Kilosegui. The results 
are broadly similar across all units, showing generally high friction and low cohesion (Figure 
5-23).  

 

Figure 5-23: Direct shear test results showing average values and highlighted lower 
bound interpretation for kinematic analysis 

The testing results represent the in situ, small-scale frictional strength of the joints in the rock 
mass. This is generally higher than can be expected at the face during excavation. Blasting, 
excavation, and scaling can remove any beneficial effects from the marginal cohesion, and, as 
such, a lower-bound value has been defined for use in kinematic analyses. This lower bound 
value is either a result of removing cohesion (Souwa, Enioda, and Kilosegui), or removal of 
cohesion and taking the lower bound of test results (Chegue). The final, interpreted results used 
for modelling and kinematic analysis is provided in Table 5-2. 
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Table 5-2: Interpreted shear strength parameters of joints 

Prospect Domain Friction Angle Cohesion (kPa) 
Kinematic 

Friction Angle 
(Lower Bound) 

Kinematic 
Cohesion (kPa) 

Chegue North 43 40 34 0 
Souwa South 36 60 36 0 
Enioda Enioda 40 50 40 0 

Kilosegui Kilosegui 32 45 32 0 

5.4.4 Joint Spacing 

Following identification of the major joint sets identified from the drilling data, joint spacing was 
computed for each joint set from borehole intercepts. True spacing is computed by considering 
the angle of the structure relative to the core axis and applying a weighting factor to each joint. 
The spacing of the identified joint sets forms an important input into the probabilistic kinematic 
analyses. Mean spacing is computed directly from the drillhole data. The minimum and 
maximum spacing values are the calculated 5th and 95th percentile assuming a negative 
exponential distribution centred around the mean spacing. Persistence values are estimated 
lacking outcrop exposure for calibration. 

 

Figure 5-24: Joint spacing and inputs to kinematic assessment. 
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5.5 Rock Mass Model 

The geotechnical domain model considers each pit, the depth and extents of weathering, 
orebody geometry, geology, and structural orientations (Table 5-4). Each pit has been 
geotechnically characterised. Figure 5-25 presents the rock mass model for SWA. The rock 
mass models for the other pits are located in Appendix C. 

 
Figure 5-25: Example of the rock mass model for SWA 

The geotechnical logging data was process by major lithology and fracture zone (Table 5-3). In 
general, the Fresh Rock shows a high rock mass rating due to low fracture frequency and 
relatively high strength joint conditions. The Saprock conditions are generally low reflecting the 
variability of weathering. Non-RMR materials such as soils and saprolite have not been included 
in the summary statistics. Histograms showing the distribution of logged conditions are shown 
in Figure 5-26; the geotechnical characterisation for each pit is summarised in Table 5-4. For 
the purposes of design, the Vein and Mafic lithologies have been merged with the Granodiorite. 
These units are not significantly different in material properties and rock mass characteristics. 

Table 5-3: Summary rock mass classification statistics 

Litho Length IRS 
Mode 

Weighted 
Mean 

RMR89 

Median 
RMR89 

Weighted 
Mean 
RQD 

Median 
RQD 

Weighted 
Mean 
JCR89 

Median 
JCR89 

Saprolite 437.68 R0 N/A N/A 0 0 N/A N/A 
Saprock 943.89 R0 35 33 16 0 8 6 

Vein 51.34 R5 72 75 81 100 18 19 
Fracture 

Zone 209.06 R4 37 38 13 4 11 12 

Granodiorite 2894.05 R5 76 76 95 100 19 19 
Mafics 32.55 R5 81 81 98 100 19 19 
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Table 5-4: Geotechnical characterization summary for each pit 

Domain Pit Length Max 
Depth 

Base of 
Sap/Lat 

(CW/HW) 

Base of 
Saprock 

(MW) 
Saprolite 
Domain Host Lithology Orebody 

Orientation Foliation Fresh Rock Design Considerations 

Depth (m) Depth (m) 

Enioda Enioda 
(ENI) 2200 90 20 - 35 45 - 60 Enioda Granite, Gneiss, 

Amphibolite 
Shallow Dipping 

(33°/270°) 

Weakly - 
moderately 

foliated 

Weak zone along footwall contact. 
Excavation needs to avoid daylighting 
fault. Thicker saprolite horizon. 

North 

Chegue 
Main 

(CHG) 
2000 90 30-40, thins 

to SW 30 - 60 Doropo Granodiorite Shallow Dipping 
(38°/325°) Non-foliated 

Possible weak zone along footwall 
contact. Excavation needs to avoid 
daylighting fault. 

Chegue 
South 
(CHG) 

1150 90 40 (North), 5 
- 10 (South) 25 - 40 Doropo Granodiorite 

with Mafic Dyke 
Shallow Dipping 

(30°/060°) Non-foliated 
Possible weak zone along footwall 
contact (main pit). Excavation needs to 
avoid daylighting fault. 

Han 
(HAN) 1400 100 < 10 10 - 30 Doropo Granodiorite Shallow Dipping 

(20°/300°) Non-foliated 
Possible weak zone along footwall 
contact. Excavation needs to avoid 
daylighting fault. 

South 

Kekeda 
(KEK) 1500 90 10 - 20 20 - 45 Doropo Granodiorite Shallow Dipping 

(30°/310°) Non-foliated 
Possible weak zone along footwall 
contact. Excavation needs to avoid 
daylighting fault. 

Nokpa 
(NOK) 750 120 5 - 15 20 - 30 Doropo Granodiorite 

with Mafic Dyke 
Moderately 

Dipping (40°/355°) Non-foliated 
Structurally complex with damage 
around dyke. Possible weak zone along 
footwall contact. 

Souwa 
(SWA) 2500 140 25 - 40 45 - 55 Doropo Granodiorite Shallow Dipping 

(30°/285°) 
Weakly 
foliated 

Possible weak zone along footwall 
contact. Excavation needs to avoid 
daylighting fault. 

Kilosegui 

Kilosegui 
(KLG) A 

(NW) 
2700 100 < 5 < 15 Kilosegui Granodiorite Shallow Dipping 

(25°/220°) 

Weakly - 
moderately 

foliated 

Possible fault zones behind footwall 
highwall. 

Kilosegui 
(KLG) B 

(SE) 
3700 125 10 - 20 20 - 35 Kilosegui Granodiorite Shallow Dipping 

(30°/210°) 

Weakly - 
moderately 

foliated 

Possible fault zones behind footwall 
highwall. 
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Figure 5-26: Summary histograms from geotechnical logging of major lithological and weathering domains 
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6 HYDROLOGY AND HYDROGEOLOGY 
Characterisation of the hydrogeology for the Doropo project has been completed by Piteau 
Associates (Piteau). The report was not available at the time of issuing this report. 

Saprolite performance is heavily influenced by surface and groundwater. Shear strength within 
saprolites can be significantly reduced by elevated pore water pressures or improved due to 
suction effects from depressurization and under-draining.  

Water management around the pits will be crucial for safety and stability during operations. 
Surface water that is not appropriately diverted away from the pit crest is prone to infiltrate at 
the pit crest and increase pore water pressure. Specific actions such as constructing diversion 
ditches behind the pit crest, grading berms into the pit, and allowing for step-ins with drainage 
ditches at the transition/rock interface, will improve water management. 

Surface water ponding on the operating pit floor in Saprolite can cause trafficability issues. This 
issue can be addressed by implementing good drainage control along the pit floor (i.e., properly 
sloped ditches and sump placement), or by mining down to Fresh Rock quickly with staggered 
benches (i.e. operating at two or three different levels). This allows water from the Saprolite 
floor to drain down into the Fresh Rock floor and may provide under-drainage of the saprolite 
through the Saprock/Fresh Rock and improve stability. Mining only within the Saprolite can 
result in trafficability issues and could impact the stability of the slopes if water is allowed to 
saturate the toes. 

Scoping level hydrogeological investigation analysis were completed by GCS (Pty) Ltd (GCS) 
in 2020 for all pits in the current study except Attire, and the following comments have been 
taken from this report. 

Groundwater levels were measured across the project site and range from near surface to 20 
m below ground level (Table 6-1). Groundwater levels appear to be correlated to elevation of 
the pit, with higher situated pits showing a deeper water table. The groundwater model 
considers three main domains: the upper saprolite, Saprock, and deeper fractured and solid 
Fresh Rock. The project area drains into the Pouene river through a series of tributaries. 

Table 6-1: Groundwater levels (after GCS, 2020) 

Pit Area Maximum Pit Depth (m) Depth of Groundwater (m, range) 

Chegue Main 120 7 16 

Chegue South 175 4 10 

Enioda 110 12 17 

Han 115 7 10 

Kekeda 130 9 13 

Nokpa 190 2 4 

Souwa 140 10 22 

Kilosegui 165 4 10 
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The inter-ramp angle (IRA) corresponds to the angle subtended by a line joining the toes of the 
benches on the wall and the horizontal. The overall slope angle (OSA) corresponds to the angle 
formed by the line joining the toe of the lowest bench with the pit crest and the horizontal. The 
incorporation of ramps onto a wall will result in a slope that has a shallower overall slope angle 
than the inter-ramp angle. 

 
Figure 7-1: Schematic representation of pit slope design concepts and terminology 

7.1 Approach 

For this current study, the expected bench, inter-ramp and overall stability conditions were 
assessed with multiple approaches using a combination of software packages, as summarized 
in Table 7-1.  

Table 7-1: Overview of stability assessment approach and software 

Pit Slope Scale Approach Software 
Utilized 

Bench 
Kinematic stability analyses (deterministic and probabilistic) 
3D interpolant (foliation) models 
Modified Richie criteria (bench widths) 

Leapfrog 
In-house scripts 
SBlock  

Inter-ramp 
3D fault/joint geometric intersections 
Kinematic stability analyses (deterministic and probabilistic) 
LE stability analyses 

Leapfrog 
In-house scripts 
SBlock  
Slide2D 

Overall LE stability analyses 
Leapfrog  
Slide2D 
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Figure 7-3: Planar (left) and wedge (right) sliding failures (after Hudson & Harrison, 
2000) 

Planar and wedge failures can be managed by modifying the bench face angle to reduce the 
likelihood of instability relative to the dip of the discontinuity or plunge of the intersection line, 
and by increasing berm widths to manage expected overbreak. Some amount of failure is both 
expected and non-preventable and, as such, the design should attempt to minimize the effects 
of failures to reduce operator risk. Kinematic analysis of planar and wedge sliding considers the 
probability of occurrence as a function of the following four aspects (Swan & Sepulveda, 2001): 

1. Probability of intersection in design segment: The probability that the persistence of a 
joint or pair of joints exceeds a minimum length that will cause backbreak greater than 
2 m. This considers exponential distributions on the spacing, and normal distributions 
for dip ranges to calculate the minimum persistence length. 

2. Probability of occurring within ±30° of slope azimuth: The dip direction of the plane or 
trend of the intersection line must lie within 30° of the slope azimuth, a function of the 
normally distributed range of the discontinuities. 

3. Probability that dip/plunge > friction angle: The normally distributed dip or plunge of the 
feature must be greater than the friction angle for sliding failures to occur. 

4. Probability that dip/plunge < bench face angle: The normally distributed dip or plunge 
of the feature must be less than the bench face angle for the failure to occur. 

7.4.2 Toppling Failures 

Toppling failures can occur when a discontinuity or group of discontinuities dip or plunge into 
the face (Hudson & Harrison, 2000) (Figure 7-4). Direct toppling can occur if the centre of gravity 
of the feature is outside the lower apex of the block and requires a basal plane to serve as 
either the release plane or a sliding plane. Flexural toppling requires conditions for inter-layer 
slip to occur and is generally restricted to pervasive fabrics. Direct toppling failures are primarily 
managed through reduction of bench face angles to <75°, while flexural toppling may require 
management by reducing inter-ramp angles. 



SRK Consulting  Doropo Feasibility Report – Main Report 

32094 - Doropo FS Report_DRAFT_20240606.docx   June, 2024 
Page 54 of 69 

 

Figure 7-4: Flexural (left) and direct (right) toppling failures (after Hudson & Harrison, 
2000) 

Flexural Toppling 

Flexural toppling considers single plane failures. The potential for flexural toppling is driven 
primarily by the concept of inter-layer slip. As stresses redistribute normal to the face, the joint 
dip must be within a critical range to permit flexural toppling to occur. Flexural toppling 
assessments are generally overly conservative and should instead focus on azimuths affected 
by persistent fabrics, such as foliation or bedding. The probability of occurrence for flexural 
toppling can occur as a function of the following aspects (modified from Venter & Hamman, 
2022): 

1. Probability of occurring within ±20° of slope azimuth: The plane must dip into the slope, 
within 20° of the slope azimuth. This a function of the normally distributed range of the 
discontinuity dip direction. 

2. Probability that dip > 90° - bench face angle + friction angle: The normally distributed 
dip the feature must be greater than the 90° - bench face angle + friction angle for inter-
layer slip to occur. 

3. Probability that aspect ratio permits toppling: The aspect ratio of the block is a function 
of the joint spacing and joint persistence. In order for toppling to occur, the tan (dip or 
plunge) must be > base/height ratio. For steeper dipping or plunging features (>45°), 
the base measurement is the spacing and the height is the persistence. For shallow 
dipping or plunging features (<45°), the base measurement is the persistence, and the 
height is the spacing. The persistence and spacing are exponentially distributed and 
the dip/plunge are normally distributed.  

Direct Toppling 

Direct toppling is assessed considering blocks formed by two discontinuity sets. Basal planes 
are always assumed to be present and favourable for toppling to occur. The probability of 
occurrence for direct toppling can occur as a function of the following aspects (modified from 
Venter & Hamman, 2022): 

1. Probability of occurring within ±20° of slope azimuth: The plane or intersection line 
must dip or plunge into the slope, within 20° of the slope azimuth. This a function of the 
normally distributed range of the discontinuities. 

2. Probability that dip/plunge < bench face angle: The normally distributed dip or plunge 
of the feature must be less than the bench face angle for the failure to occur. 
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3. Probability that aspect ratio permits toppling: The aspect ratio of the block is a function 
of the joint spacing and joint persistence. In order for toppling to occur, the tan(plunge) 
must be > base/height ratio. For steeper plunging blocks (>45°), the base 
measurement is the spacing and the height is the persistence. For shallow plunging 
blocks (<45°), the base measurement is the persistence, and the height is the spacing. 
The persistence and spacing are exponentially distributed and the dip/plunge are 
normally distributed.  

7.4.3 Kinematic Stability Results 

The results of the kinematic analysis are used to identify domains that may require additional 
catchment or management of failures through reduction in the bench face angles. The pit shells 
have been coloured by the probability of occurrence for each type of kinematic failure using the 
azimuth of each face of the pit shells and using the domain specific joint orientations and 
spacing. Example kinematic assessment outputs for SWA are shown in Figure 7-5. The outputs 
for the other pits are in Appendix B. 

 
Figure 7-5: Example output of kinematic assessment for SWA 

7.5 Probabilistic Kinematic Analysis  

Bench design configurations were developed for Doropo following the results of the probabilistic 
analysis. Bench scale probabilistic stability analyses were carried out using the software 
program SBlock (Esterhuizen, 2004). The software analyses key-block formation of the 
discontinuity sets probabilistically using the Monte-Carlo method. SBlock generates a joint 
network for a given bench configuration using up to seven joint sets including a random set. 
The joint network is stochastically generated using probabilistic distributions on the joint set dip 
directions, dips, spacing, persistence, friction angle, and cohesion. The joints are evaluated for 
formation of blocks and a factor of safety calculated to assess stability for sliding failures. The 
program provides statistics of the number of unstable blocks, volume of failure, safety factors, 
and crest loss. A number of benches are simulated to generate statistical estimates of 
backbreak. 
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7.6.3 Groundwater Inputs 

Groundwater was input into the model following recommendations from Piteau. Once 
conceptual sections were generated, Piteau provided recommendations for static 
potentiometric surfaces. The pore water pressures were varied for each scenario considering 
different Hu values, where Hu is the ratio of pore water pressure to vertical head, with a Hu 
value of 1 equivalent to the pressure from the full water column above. Hu values were 
recommended to be tested between 0.6 and 0.8 for realistic pore water pressure scenarios 
(Figure 7-8). Models were also run with a Hu value of 1 for a sensitivity check. 

 

Figure 7-8: Conceptual deep saprolite (40 m thick) section for Doropo showing 
results from Hu = 0.8 for shallow, intermediate, and deep water tables for 
a 32.4° IRA 

7.6.4 Stability Analysis Results and Discussion 

The analysed IRA represents the maximum configuration defined by the bench scale kinematic 
stability assessments. The overall scale results were compared against a minimum acceptance 
criterion of FoS equal to, or greater than 1.3. Failure surfaces were only generated within the 
saprolite at lower FoS, and stability model results reflect this. Slope angles were modified 
dependent on the results (Table 7-4). The decimal precision reported is only to differentiate the 
various runs, rather than imply highly precise results. 
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Figure 7-9: Conceptual water table levels for pits in main Doropo area; thickest 
saprolite portions are outlined in black for Chegue South and Chegue 
Main 

Chegue South is the only pit that satisfies having both a thick saprolite cover and shallow water 
table. When reviewing the location of thick saprolite relative to the adjacent pits, two 
observations were noted: the thickest portion of the saprolite is limited to approximately 30 m 
in the north and this area overlaps with the 310 – 320 m isolines where the southern lobe of 
Chegue Main sits. Chegue Main was identified as having a deep water table due to being 
situated on a topographic high. The conclusions that were drawn were that the area of 
potentially thick saprolite and a shallow water table are limited to a small portion of the northern 
wall of Chegue South, and that saprolite thickness in this area is less than the modelled 
thickness. Both of these aspects are favourable for stability, and a marginal FoS, still greater 
than 1.2, was accepted. 
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Figure 7-10: Saprolite thicknesses at Chegue South and Chegue Main; thick portions 
of saprolite less than 40 m, and limited in extents to areas of relative 
topographic highs 

8 OPEN PIT SLOPE DESIGN 

8.1 Saprolite Design 

Bench face design philosophy in saprolites represents a compromise between minimising 
erosion from surface water run-off (steeper bench faces more favourable) and maintaining 
stability (where shallower bench faces are more stable). Benches in Saprolite will be free dug 
using the excavator and cut back to the desired bench face angle (BFA).  

Bench and inter-ramp design in the Saprolite will be dependent on the overall thickness of the 
saprolite horizons and will be managed by increasing bench widths to reduce the IRA as the 
thickness of the weathered domain increases (Table 8-1). Bench face angles for the Saprolite 
will be set at 60° to encourage drainage off the faces. Berms should be graded at 2-3% into the 
pit to encourage sheet flow and surface water run-off, thus reducing erosion. 

Mining in the Saprolite will be unpredictable at times, with local changes in material properties, 
groundwater conditions, or relict structures that may cause instabilities. Saprolite mining must 
be dynamic, with the technical services team empowered to implement design or sequence 
changes and dewatering wells or drains as required. Inter-ramp stack heights should be limited 
to 20 m, with a 15 m geotechnical berm placed between stacks. The base of the saprolite should 
also have a 15 m geotechnical berm before entering the Saprock and Fresh Rock domains. 
These geotechnical berms serve two purposes: to decouple the slopes and promote local 
depressurisation of the stacks, and to enable access to the slopes for remediation and surface 
water management. 
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Table 8-1: Saprolite (CW & HW) design recommendations 

Domain Design 
Domain 

Bench 
Height 

(m) 
Bench 
Width 

(m) 

Bench 
Face 
Angle 

(°) 
Inter-
Ramp 
Angle 

Maximum 
Stack 
Height 

(m) 
Factor of 

Safety  
(Hu = 0.8) 

Factor of 
Safety  

(Hu = 0.6) 
Enioda Sap & Lat 5 5.5 60 30.8 20 1.30 1.36 

Doropo < 20 m Sap & Lat 5 4 60 36 20 1.60 1.60 
Doropo < 40 m Sap & Lat 5 5 60 32.4 20 1.26 1.30 

Kilosegui Sap & Lat 5 4.5 60 34.1 20 1.40 1.37 
 

8.2 Saprock and Fresh Rock Design 

Bench design for the Saprock and Fresh Rock domains is driven by kinematic instabilities and 
increasing bench widths to maintain suitable catchment. The achievable inter-ramp angles are 
a function of the bench geometries. The contact between the Saprock and Fresh Rock is 
expected to be variable in terms of depths around the pits, and some flexibility will be required 
during implementation. The Saprock designs will be limited to a bench height of 10 m to mitigate 
potential kinematic failures exacerbated by weathered fractures. The Fresh Rock will optimize 
to a 20 m bench height based on improved geotechnical conditions (Table 8-2). 

There will be no geotechnical berms required for the current design configurations in the 
Saprock and Fresh Rock domains. Pit depths within these units are less than a practical 
geotechnical berm spacing of 120 m. The requirement for a geotechnical berm at the top of the 
Saprock/base of saprolite of 15 m remains. 
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2. SITE CHARACTERISTICS 

2.1 PROJECT SUMMARY 

The project will comprise open pit mining operations, mine waste landforms,  

process plant, tailings storage facility, water storage dam, water harvest dam and other 

ancillary structures. A site layout plan is presented on Figure 2.1. 

2.2 LOCATION 

The project is located in north-eastern Côte d'Ivoire in the Bounkani region, 480 km north 

of the capital city Abidjan and 50 km north of the city of Bouna. The site is approximately 

10 km west of the border between Côte d'Ivoire and Burkina Faso, with the Enioda pit 

located about 0.5 km from the Burkina Faso border.  

2.3 CLIMATE 

A site-specific climate assessment for Doropo, including daily precipitation records  

from the Batie meteorological station, was used to analyse short and long-term  

climatic patterns. The wet season lasts about four months, starting from July, with 

September being the wettest month. The average annual rainfall is 1,133 mm, with a 

maximum recorded rainfall of 1,838 mm (1968) and a minimum of 718 mm (1948)  

at Batie. The 10-year Annual Recurrence Interval (ARI) wet season duration is about  

120 days, with a design rainfall of 1,065 mm. The average annual lake evaporation for 

the project area is 1,469 mm. Design annual rainfall sequences, determined by analysing 

the Batie rainfall data, are provided in Table 2.1. The 100-year ARI, wet annual rainfall 

total is 1,931 mm. The 100-year ARI, dry annual rainfall total is 704 mm. The design  

100-year ARI, 72-hour duration storm event magnitude is 220 mm. The design Probable 

Maximum Precipitation (PMP), 24-hour duration storm event is 602 mm. 
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The process plant site is proposed to occupy a plan area of approximately 210,000 m2 

with the major process plant structures occupying an area of approximately 

200 m x 500 m, crusher and ROM pad occupying an area of approximately 

300 m x 300 m and the miscellaneous structures including powerplants, water ponds 

etc. occupying the rest. 

The proposed process plant site is situated on relatively flat ground at an average 

elevation of approximately RL352 m. The ground rises by approximately 1V:75H to 

1V:150H across the plant site.  

2.4.4 Water Storage Dam (WSD) 

The WSD is the main collection and storage pond for raw process water for the project 

and is designed to store up to 2,000,000 m3 of water at the maximum operating level. 

Water stored in the WSD will be used for plant raw water requirements and process 

make-up water requirements. 

The WSD will collect rainfall runoff from upstream catchments, including abstraction from 

the water harvest dam. The maximum flood level is limited to RL331m as instructed  

by Resolute.  

The WSD embankment is proposed to the west of the TSF embankment. The WSD basin 

has a cleared area of ~1,192,000 m2 and an external catchment of 9,800,000 m2.  

Gentle slopes are observed along the valley sides with an average slope of 1V:50H, with 

elevation ranging from RL317 to 332 m.  

2.4.5 WSD Diversion Channel (WDC) 

The proposed WDC is situated north of the TSF, running along the northern  

TSF embankment. At its deepest point, the channel is ~9 m deep. To minimise 

excavation, a gentle gradient of 0.1 % is adopted for most of the channel length.  

HDPE liners are adopted as the flow is estimated to be laminar for this section.  

The gradient changes to more than 1 % beyond the waste dump near the Nokpa pit  

(after 2.5 km). To accommodate the increased gradient and turbulence, Zone E waste 

rock is proposed. The maximum excavation depth for this section is ~3.9 m. 

Please note that, following the 2025 DFS update, the WDC has been removed and  

no longer forms part of the site infrastructure. 

2.4.6 Han Diversion Channel (HDC) 

Han diversion channels are proposed to divert clean water from the southwest and 

southeast catchments reporting to the proposed Han pit. Two diversion channels are 

proposed, DC10 and DC11, with DC11 being the main focus of the investigation.  
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Table 2.5: Recommended structural design parameters 
Seismic coefficient Return Period 

(years) 
SS and S1 Rock Site  

(g) 
SS and S1 Class C  

(g) 

SS 2,475 0.023 0.028 
S1 2,475 0.006 0.010 

For geotechnical foundation design of mine site structures, an earthquake magnitude of 

M6.3 at a distance of 535 km (short period) or M6.7 at a distance of 535 km (long period) 

is recommended for seismic design analyses. 
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Table 3.1: Summary of boreholes 
Infrastructure Borehole Location Depth of 

borehole 
(m) 

Tailings Storage 
Facility 

BH-TSF-01 Crest of eastern embankment 24.00 

BH-TSF-02 Downstream of eastern embankment 15.00 
BH-TSF-03 Crest of eastern embankment 15.00 
BH-TSF-04 Crest of eastern embankment 33.00 

BH-TSF-05 Crest of northern embankment 33.00 
BH-TSF-06 Crest of northern embankment 22.50 
BH-TSF-07 Crest of northern embankment 39.00 

BH-TSF-08 Downstream of western embankment 31.50 

Plant Site 

BH-PS-01 Primary crusher and ROM 48.5 

BH-PS-02 Ore Stockpile 34.5 

BH-PS-03 Ball and SAG mill 32.0 
BH-PS-04 Ball and SAG mill 33.0 
BH-PS-05 Thickener 27.0 

BH-PS-06 Thickener 25.0 
BH-PS-06A Thickener 25.5 
BH-PS-07 Leaching unit 35.0 

BH-PS-08 Leaching unit 20.0 
BH-PS-09 Ore stockpile tunnel 41.0 
BH-PS-10 Trestle 50.0 

BH-PS-11 Ancillary structures 27.0 

BH-PS-12 Ancillary structures 30.0 
BH-PS-13 Ancillary structures 28.0 

BH-PS-14 Primary crusher 46.5 

Water Storage 
Dam 

BH-WSD-01 Crest of embankment 15.0 
BH-WSD-02 Upstream of embankment 15.0 

Water Harvest 
Dam BH-WHD-01 Crest of embankment 8.8 

WSD Diversion 
Channel 

BH-WDC-01 Location of deeper excavation 25.0 
BH-WDC-02 Location of deeper excavation 31.5 

Han Diversion 
Channel BH-HDC-01 Location of deeper excavation 20.8 

Access Road 
Overpass 

BH-ARO-01 East of A1 highway 21.5 

BH-ARO-02 West of A1 highway 25.5 
BH-ARO-03 East of A1 highway 27.5 
BH-ARO-04 West of A1 highway 28.0 

Construction 
Materials 

BH-OC-01 - 20.0 
BH-OC-02 - 20.0 

Since the completion of the site investigation, the layouts for TSF, WSD etc have changed.  
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Table 3.2 (cont.): Summary of falling head permeability tests 
Location Borehole Borehole 

depth  
 

(m) 

Depth to 
ground-
water 
(m) 

Permeability 
k 
 

(m/s) 

Average 
Permeability 

k 
(m/s) 

Process 
Plant 

BH-PS-01 48.5 22.5 6.0 x 10-8 

6.9 x 10-8 

BH-PS-02 34.5 19.35 1.6 x 10-8 
BH-PS-03 32.0 18.7 3.0 x 10-8 
BH-PS-04* 20.8 14.2 3.2 x 10-8 

BH-PS-05 27.0 19.2 7.4 x 10-8 
BH-PS-06 25.0 20.2 1.5 x 10-7 
BH-PS-07 35.0 19.9 1.5 x 10-7 
BH-PS-08 20.0 13.7 1.8 x 10-7 

BH-PS-09 41.0 20.8 2.7 x 10-8 
BH-PS-10 50.0 19.1 5.3 x 10-8 
BH-PS-11 27.0 18.4 2.3 x 10-8 

BH-PS-14 46.5 21.9 3.3 x 10-8 
Han 

Diversion 
Channel 

BH-HDC-01 20.8 8.35 8.7 x 10-8 8.7 x 10-8 

WSD 
Diversion 
Channel 

BH-WDC-01 15.0 2.7 1.7 x 10-8 1.7 x 10-8 

Site Access 
Road BH-SAR-01 17.5 1.1 1.0 x 10-6 1.0 x 10-6 

Access 
Road 

Overpass 

BH-ARO-01 21.5 4.7 6.2 x 10-8 
2.0 x 10-7 

BH-ARO-04 28.0 6.03 3.4 x 10-7 

* Hole collapsed. 

3.5 TEST PITS 

As part of the investigation, a total of 180 test pits were scheduled. Out of these,  

167 test pits were excavated across the site using the 30-tonne excavator CAT330DL 

provided and operated by Ampella. Sixteen of these test pits were designated for 

identifying construction materials. However, only a few of these test pits for construction 

materials were actually undertaken during the investigation. This was because the 

walkover survey had already identified and collected samples for testing, negating the 

need for additional test pits. 

The test pits were logged and photographed by the KP site representative and samples 

were collected from selected test pits for laboratory testing. A total of 26 No. test pits 

within the proposed TSF basin were excavated under the supervision of the Ampella site 

representatives. 
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A summary of the test pitting is presented in Table 3.3. Logs and photographs of the test 

pits are presented in Appendix C. The test pit locations at the proposed sites of the 

Tailings Storage Facility, Process Plant, Water Storage Dam, Diversion Channels, 

Airstrip, Accommodation Village and Access Roads are shown on figures 3.1 to 3.10. 

Table 3.3: Summary of test pits 
Location Test Pit Number 

Tailings storage facility TP-TSF-01 to 40 40 

Process plant TP-PS-01 to 15 15 
Water storage dam TP-WSD-01 to 20 20 
Water harvest dam TP-WHD-01 to 12 12 
WSD diversion channel TP-WDC-01 to 06 6 

Han diversion channel  TP-HDC-01 to 06 6 
Accommodation village TP-AV-01 to 06 6 
Airstrip TP-AS-01 to 15 15 

Haul access road TP-HA-01 to 03 3 
Site access road TP-SAR-02 to 15, 17 to 40 38 
Access road overpass TP-ARO-01A to 04A 4 

Construction materials TP-CMC-01 1 

Test pit TP-SAR-01 was abandoned as a result of social challenges with the local 

community, while TP-SAR-16 was abandoned due to its proximity to the national road. 

3.6 GROUNDWATER 

Groundwater monitoring at these SI locations was conducted by KP site representatives. 

At the time of writing this report, no historical information on the groundwater table was 

available. Groundwater seepage was observed in 23 test pits, primarily those located 

within the basin of existing water channels. 

Tables 3.4 to 3.12 provide a summary of groundwater level monitoring data during the 

2023-2024 site investigation. As the investigation was undertaken during the dry season, 

the impact of wet season and its influence on the groundwater table are not understood. 

During investigation it was observed that the bedrock layer was less weathered with 

depth, resulting in formation of a few fissures and cracks. As a result, these layers are 

expected to have low permeability. 
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Table 3.4: Ground water depth below existing ground level in TSF boreholes (m) 

Date 
BH-
TSF-
01 

BH-
TSF-
02 

BH-
TSF-
03 

BH-
TSF-
04 

BH-
TSF-
05 

BH-
TSF-
06 

BH-
TSF-
07 

BH-
TSF-
08 

08 Dec 2023 9.3 - - - - - - - 

09 Dec 2023 9.3 - - - - - - - 
10 Dec 2023 9.4 3.9 - - - - - - 
11 Dec 2023 9.4 4.0 - - - - - - 

12 Dec 2023 9.4 4.0 1.8 - - - - - 
13 Dec 2023 9.4 4.0 1.9 4.4 - - - - 
14 Dec 2023 9.4 4.0 2.0 4.8 - - - - 

15 Dec 2023 9.4 - 2.2 5.9 8.0 - - - 
16 Dec 2023 9.4 - - - 8.0 6.8 - - 

17 Dec 2023 9.4 - - - 8.0 - - - 

19 Dec 2023 - - - - - 6.7 - - 
20 Dec 2023 - - - - - 6.7 - - 
22 Dec 2023 - - - - - 6.7 11.9 11.4 

23 Jan 2024 9.46 - - - 7.8 - - - 
24 Jan 2024 9.45 - - - 7.8 - - - 
25 Jan 2024 9.46 - - - 7.8 - - 12.12 

26 Jan 2024 9.45 - - - 7.8 - - 12.12 
27 Jan 2024 9.45 - - - 7.8 - - 12.12 
28 Jan 2024 - - - - - - - 12.12 

29 Jan 2024 - - - - - - - 12.13 

Table 3.5: Ground water depth below existing ground level in WSD boreholes (m) 
Date BH-WSD-01 BH-WSD-02 

22 Dec 2023 1.2 0.8 

Table 3.6: Ground water depth below existing ground level in WDC boreholes (m) 
Date BH-WDC-01 BH-WDC-02 
17 Dec 2023 - 8.8 
19 Dec 2023 11.9 8.8 

20 Dec 2023 12.2 8.8 
22 Dec 2023 - 8.8 

Table 3.7: Ground water depth below existing ground level in WHD boreholes (m) 
Date BH-WHD-01 
20 Jan 2024 2.71 

21 Jan 2024 0.78 
22 Jan 2024 1.01 
23 Jan 2024 1.2 

24 Jan 2024 1.39 



 18 
 

PE301-00821_04 Doropo Geotechnical Interpretative Report Rev 0 

Table 3.8: Ground water depth below existing ground level in HDC boreholes (m) 
Date BH-HDC-01 

19 Jan 2024 8.35 
20 Jan 2024 7.51 
21 Jan 2024 6.49 

22 Jan 2024 6.84 
23 Jan 2024 9.76 
24 Jan 2024 9.75 

25 Jan 2024 9.75 

Table 3.9: Ground water depth below existing ground level in plant site boreholes (m) 
Date BH-PS-

01 
BH-PS-

02 
BH-PS-

03 
BH-PS-

04 
BH-PS-

05 
BH-PS-

06 
BH-PS-

07 

23 Jan 2024 22.53 - - - - - - 
24 Jan 2024 22.43 19.35 - - - - - 
25 Jan 2024 22.46 18.68 18.69 - - - - 

26 Jan 2024 22.46 20.42 19.71 - - - - 
27 Jan 2024 22.46 20.91 19.74 - - - - 
28 Jan 2024 - 21.07 19.79 14.20 - - - 

29 Jan 2024 - 21.05 19.79 15.23 19.23 - - 
30 Jan 2024 - - - 17.28 17.02 - - 
31 Jan 2024 - - - 18.21 17.87 18.64 - 

01 Feb 2024 - - - - 18.23 19.20 19.86 
02 Feb 2024 - - - 20.15 - 19.79 19.60 

03 Feb 2024 - - - 20.19 - 20.03 19.41 

04 Feb 2024 23.04 - - 23.20 - 20.16 19.20 
05 Feb 2024 23.05 - - 20.21 - 20.25 19.34 
06 Feb 2024 23.03 - - 20.18 - - 19.15 

07 Feb 2024 23.05 - - - - - - 
08 Feb 2024 23.02 - - - - - - 

Table 3.10: Ground water depth below existing ground level in plant site boreholes (m) 
Date BH-PS-08 BH-PS-09 BH-PS-10 BH-PS-11 BH-PS-14 

02 Feb 2024 13.60 - - - - 

03 Feb 2024 13.93 - - - - 

04 Feb 2024 14.80 18.57 - - - 

05 Feb 2024 14.85 20.77 - - - 

06 Feb 2024 14.90 20.95 - - - 

07 Feb 2024 14.92 20.99 - - - 

08 Feb 2024 - 20.98 - - - 

11 Feb 2024 - - 19.13 - - 

12 Feb 2027 - - 19.32 - - 
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4.2.5.2 Bearing Capacity 

Foundations need to be designed to provide sufficient bearing capacity against shear 

failure whilst limiting settlements to an acceptable value. The safe bearing capacity is 

the maximum bearing pressure to which the soil can be subjected without risk of  

shear failure (assuming a factor of safety of 3). Larger foundations will have higher safe 

bearing capacities due to the shear failure surface extending to greater depth and 

therefore the bearing capacity of large footings and rafts is typically governed  

by settlement tolerance. In contrast, small foundations are usually governed by  

shear resistance capacity. 

The near surface soils within the process plant footprint predominantly  

comprise cemented laterite/ferricrete to an average depth of ~7 m across the plant site.  

For smaller foundations, the safe bearing capacity will be governed by the shear strength 

of these cemented laterite layers.  

To estimate the allowable bearing capacity (i.e. the bearing capacity which provides a 

factor of safety against shear failure of 3 whilst limiting settlement to less than 35 mm), 

soil profile based on the nearest critical borehole was adopted. The calculated bearing 

capacities are dependent on the site being dry and well drained so that the foundation 

material does not become saturated. The foundation specific bearing capacities  

should be reviewed as part of detailed design once the foundation geometries,  

loading conditions and bulk earthworks levels are confirmed. 

4.2.5.3 Preliminary Analysis 

Cemented laterite layers with consistency hard /very dense were observed to an average 

depth of ~7 m from the surface, combined with deep groundwater tables, is expected to 

result in limited foundation settlements for small footings. For large footings,  

the foundation settlement is dependent on the cohesive soil layer observed underneath 

the cemented laterite layer.  

As geometries and loading conditions for the process plant structures are yet to be 

finalised, a preliminary settlement analysis was undertaken based on assumptions and 

available information. Footings are assumed to be founded at a depth of 0.5 m below the 

final formation level and the foundation base is compacted to 98% MMDD after removal 

of all soft and unsuitable materials. 

The soil profile based on the nearest critical borehole was adopted for settlement 

estimation.  
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The estimated settlements and allowable bearing pressures are presented in tables 4.6 

to 4.8 based on BH-PS-01. 

Table 4.6:  Estimated centre settlements in mm (L/B=1) for typical foundation widths 
for primary crusher 

Pressure  
(kPa) 

Foundation Width(m): 
1 2 3 10 15 

50  20 mm  20 mm  20 mm  20 mm  20 mm 
100  20 mm  20 mm  20 mm  20 mm  20 mm 
200  20 mm  20 mm  20 mm  30 mm  40 mm 

250  20 mm  20 mm  20 mm  35 mm  50 mm 
300  20 mm  20 mm  20 mm  40 mm  60 mm 

Table 4.7:  Estimated differential settlements in mm (centre and corner, L/B=1) for 
typical foundation widths for primary crusher 

Pressure  
(kPa) 

Foundation Width(m): 

1 2 3 10 15 
50  20 mm  20 mm  20 mm  20 mm  20 mm 
100  20 mm  20 mm  20 mm  20 mm  20 mm 

200  20 mm  20 mm  20 mm  25 mm  35 mm 
250  20 mm  20 mm  20 mm  30 mm  40 mm 
300  20 mm  20 mm  20 mm  35 mm  50 mm 

Table 4.8:  Allowable bearing pressure in kPa for primary crusher 

L/B 
Foundation Width(m): 

1 2 3 10 15 

1 400 kPa 400 kPa 400 kPa 250 kPa 175 kPa 
2 400 kPa 400 kPa 400 kPa 200 kPa 125 kPa 
3 400 kPa 400 kPa 400 kPa 175 kPa 125 kPa 

5 400 kPa 400 kPa 400 kPa 150 kPa 100 kPa 
10 400 kPa 400 kPa 400 kPa 150 kPa 100 kPa 

Based on a total settlement of 35 mm for allowable bearing pressure estimation. 

Please note that the settlement of the retaining wall and the primary crusher during the 

ROM pad backfill is not accounted for in the estimates provided above. The amount of 

settlement is dependent on the height of the backfill. It is expected that the majority of 

the settlement from the ROM backfill will occur during construction, subject to detailed 

analysis. The estimates are to be reassessed once the foundation dimensions,  

backfill height and foundation pressures are available. 

Ore Stockpile and Reclaim Vault 

The estimated settlements and allowable bearing pressures are presented in tables 4.9 

to 4.11 based on BH-PS-02 and 09. 
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Table 4.9:  Estimated centre settlements in mm (L/B=1) for typical foundation widths 
for ore stockpile 

Pressure  
(kPa) 

Foundation Width(m): 
1 2 3 10 15 

50  20 mm  20 mm  20 mm  20 mm  20 mm 

100  20 mm  20 mm  20 mm  20 mm  20 mm 
200  20 mm  20 mm  20 mm  25 mm  40 mm 
250  20 mm  20 mm  20 mm  35 mm  50 mm 

300  20 mm  20 mm  20 mm  40 mm  60 mm 

Table 4.10: Estimated differential settlements in mm (centre and corner, L/B=1) for 
typical foundation widths for ore stockpile 

Pressure  
(kPa) 

Foundation Width(m): 
1 2 3 10 15 

50  20 mm  20 mm  20 mm  20 mm  20 mm 
100  20 mm  20 mm  20 mm  20 mm  20 mm 
200  20 mm  20 mm  20 mm  20 mm  30 mm 

250  20 mm  20 mm  20 mm  25 mm  40 mm 
300  20 mm  20 mm  20 mm  30 mm  45 mm 

Table 4.11:  Maximum allowable bearing pressure in kPa for ore stockpile 

L/B 
Foundation Width(m): 

1 2 3 10 15 

1 400 kPa 400 kPa 400 kPa 275 kPa 175 kPa 
2 400 kPa 400 kPa 400 kPa 200 kPa 125 kPa 
3 400 kPa 400 kPa 400 kPa 175 kPa 125 kPa 

5 375 kPa 400 kPa 400 kPa 150 kPa 125 kPa 
10 375 kPa 400 kPa 400 kPa 150 kPa 100 kPa 

Based on a total settlement of 35 mm for allowable bearing pressure estimation. 

Lime Silo 

The estimated settlements and allowable bearing pressures are presented in tables 4.12 

to 4.14 based on BH-PS-10. 

Table 4.12:  Estimated centre settlements in mm (L/B=1) for typical foundation widths 
for lime silo 

Pressure  
(kPa) 

Foundation Width(m): 
1 2 3 10 15 

50  20 mm  20 mm  20 mm  20 mm  20 mm 
100  20 mm  20 mm  20 mm  25 mm  30 mm 
200  20 mm  20 mm  20 mm  45 mm  60 mm 

250  20 mm  20 mm  20 mm  55 mm  75 mm 
300  20 mm  20 mm  20 mm  65 mm  90 mm 



 35 
 

PE301-00821_04 Doropo Geotechnical Interpretative Report Rev 0 

Table 4.13: Estimated differential settlements in mm (centre and corner, L/B=1) for 
typical foundation widths for lime silo 

Pressure  
(kPa) 

Foundation Width(m): 
1 2 3 10 15 

50  20 mm  20 mm  20 mm  20 mm  20 mm 

100  20 mm  20 mm  20 mm  20 mm  25 mm 
200  20 mm  20 mm  20 mm  35 mm  50 mm 
250  20 mm  20 mm  20 mm  40 mm  60 mm 

300  20 mm  20 mm  20 mm  50 mm  70 mm 

Table 4.14: Maximum allowable bearing pressure in kPa for lime silo 

L/B 
Foundation Width(m): 

1 2 3 10 15 
1 400 kPa 400 kPa 400 kPa 150 kPa 100 kPa 

2 400 kPa 400 kPa 400 kPa 125 kPa 75 kPa 
3 400 kPa 400 kPa 350 kPa 100 kPa 75 kPa 
5 400 kPa 400 kPa 300 kPa 100 kPa 75 kPa 

10 400 kPa 375 kPa 250 kPa 100 kPa 75 kPa 

Based on a total settlement of 35 mm for allowable bearing pressure estimation. 

Relaxing the allowable settlement can help increase the allowable bearing pressure.  

The allowable bearing capacity of large footings and rafts are typically governed by  

the allowable settlements whereas small foundations are generally governed by  

shear resistance. 

Ball and SAG Mill 

The estimated settlements and allowable bearing pressures are presented in tables 4.15 

to 4.17 based on BH-PS-03 and 04. 

Table 4.15:  Estimated centre settlements in mm (L/B=1) for typical foundation widths 
for Ball and SAG mill 

Pressure  
(kPa) 

Foundation Width(m): 

1 2 3 10 15 
50  20 mm  20 mm  20 mm  20 mm  20 mm 

100  20 mm  20 mm  20 mm  20 mm  20 mm 

200  20 mm  20 mm  20 mm  30 mm  40 mm 
250  20 mm  20 mm  20 mm  35 mm  50 mm 
300  20 mm  20 mm  20 mm  40 mm  60 mm 
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Table 4.16: Estimated differential settlements in mm (centre and corner, L/B=1) for 
typical foundation widths for Ball and SAG mill 

Pressure  
(kPa) 

Foundation Width(m): 
1 2 3 10 15 

50  20 mm  20 mm  20 mm  20 mm  20 mm 

100  20 mm  20 mm  20 mm  20 mm  20 mm 
200  20 mm  20 mm  20 mm  20 mm  30 mm 
250  20 mm  20 mm  20 mm  25 mm  40 mm 

300  20 mm  20 mm  20 mm  30 mm  45 mm 

Table 4.17:  Maximum allowable bearing pressure in kPa for Ball and SAG mill 

L/B 
Foundation Width(m): 

1 2 3 10 15 
1 400 kPa 400 kPa 400 kPa 275 kPa 175 kPa 

2 400 kPa 400 kPa 400 kPa 200 kPa 125 kPa 
3 400 kPa 400 kPa 400 kPa 175 kPa 125 kPa 
5 400 kPa 400 kPa 400 kPa 150 kPa 125 kPa 

10 400 kPa 400 kPa 400 kPa 150 kPa 100 kPa 

Based on a total settlement of 35 mm for allowable bearing pressure estimation. 

Pre-Leach Thickener 

The estimated settlements and allowable bearing pressures are presented in tables  

4.18 to 4.20 based on BH-PS-05 and 06. 

Table 4.18: Estimated centre settlements in mm (L/B=1) for typical foundation widths 
for pre-leach thickener 

Pressure  
(kPa) 

Foundation Width(m): 
1 2 3 10 15 20 

50  20 mm  20 mm  20 mm  20 mm  20 mm  20 mm 

100  20 mm  20 mm  20 mm  20 mm  20 mm  20 mm 

200  20 mm  20 mm  20 mm  25 mm  35 mm  40 mm 

250  20 mm  20 mm  20 mm  30 mm  40 mm  50 mm 

300  20 mm  20 mm  20 mm  35 mm  50 mm  60 mm 

Table 4.19: Estimated differential settlements in mm (centre and corner, L/B=1) for 
typical foundation widths for pre-leach thickener 

Pressure  
(kPa) 

Foundation Width(m): 
1 2 3 10 15  

50  20 mm  20 mm  20 mm  20 mm  20 mm  20 mm 
100  20 mm  20 mm  20 mm  20 mm  20 mm  20 mm 
200  20 mm  20 mm  20 mm  20 mm  25 mm  30 mm 

250  20 mm  20 mm  20 mm  25 mm  30 mm  40 mm 
300  20 mm  20 mm  20 mm  30 mm  40 mm  45 mm 
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Table 4.20:  Maximum allowable bearing pressure in kPa for pre-leach thickener 

L/B 
Foundation Width(m): 

1 2 3 10 15 20 
1 400 kPa 400 kPa 400 kPa 300 kPa 225 kPa 175 kPa 
2 400 kPa 400 kPa 400 kPa 250 kPa 175 kPa 150 kPa 

3 400 kPa 400 kPa 400 kPa 225 kPa 175 kPa 150 kPa 
5 400 kPa 400 kPa 400 kPa 200 kPa 150 kPa 150 kPa 
10 400 kPa 400 kPa 400 kPa 200 kPa 150 kPa 150 kPa 

Based on a total settlement of 35 mm for allowable bearing pressure estimation. 

Ancillary Structures  

Settlement and allowable bearing pressure for ancillary structures were analysed based 

on BH-PS-11, BH-PS-12 and BH-PS-13. The estimated settlements and allowable 

bearing pressures are presented in tables 4.21 to 4.23. The analyses need to be 

reassessed once location, foundation sizes, loading for different stages and settlement 

requirements are confirmed during the next stage of design. 

Table 4.21:  Estimated centre settlements in mm (L/B=1) for typical foundation widths  

Pressure  
(kPa) 

Foundation Width(m): 

1 2 3 10 15 
50  20 mm  20 mm  20 mm  20 mm  20 mm 
100  20 mm  20 mm  20 mm  20 mm  30 mm 

200  20 mm  20 mm  20 mm  40 mm  55 mm 
250  20 mm  20 mm  20 mm  50 mm  70 mm 
300  20 mm  20 mm  20 mm  55 mm  80 mm 

Table 4.22: Estimated differential settlements in mm (centre and corner, L/B=1) for 
typical foundation widths  

Pressure  
(kPa) 

Foundation Width(m): 
1 2 3 10 15 

50  20 mm  20 mm  20 mm  20 mm  20 mm 

100  20 mm  20 mm  20 mm  20 mm  25 mm 
200  20 mm  20 mm  20 mm  30 mm  45 mm 

250  20 mm  20 mm  20 mm  40 mm  55 mm 

300  20 mm  20 mm  20 mm  45 mm  65 mm 
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Table 4.23: Maximum allowable bearing pressure  

L/B 
Foundation Width(m): 

1 2 3 10 15 
1 400 kPa 400 kPa 400 kPa 175 kPa 125 kPa 
2 350 kPa 400 kPa 400 kPa 125 kPa 100 kPa 

3 325 kPa 400 kPa 400 kPa 125 kPa 75 kPa 
5 325 kPa 400 kPa 350 kPa 125 kPa 75 kPa 
10 300 kPa 400 kPa 300 kPa 100 kPa 75 kPa 

Based on a total settlement of 35 mm for allowable bearing pressure estimation. 

Leaching Tanks 

8 No. tanks with 16.3 m diameter were used for the analysis based on boreholes  

BH-PS-07 and BH-PS-08. The settlement analyses are based on simplified elastic 

methods. Hydraulic testing/preloading with water is recommended prior to installation of 

tank launders to reduce settlement during operation. The effect of preloading is not 

included in the current analyses.  

The estimated settlements and differential settlements are presented in tables 4.24 to 

4.26.  

Table 4.24:  Estimated settlement at the centres of the tanks 

Pressure  
(kPa) 

Foundation Width(m): 

16.3m diameter, 8 Nos 

100  45 mm 

150  55 mm 

200  75 mm 

250  90 mm 

300  110 mm 

Table 4.25:  Estimated settlement along the edge of the tanks 

Pressure  
(kPa) 

Foundation Width(m): 

16.3m diameter, 8 Nos 

100  35 mm 

150  50 mm 

200  65 mm 

250  85 mm 

300  100 mm 
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As an alternative, a drainage layer (e.g. aggregate and geosynthetics or similar) may be 

installed down the back face of retaining structures, draining to a toe drain at the base of 

the wall. In either case, and regardless of the backfill material, reduced and careful 

compaction adjacent to the retaining structures, together with adequate drainage,  

are required to control excessive earth and hydrostatic pressures. 

5.7 CONCRETE DURABILITY 

The durability design recommendations for concrete structures provided in AS3600 

(Ref. 12) define the exposure classification in terms of magnitude of sulphate in the soil 

or groundwater, the pH level and the soil permeability. Aggressive soils are defined as 

permeable soils with a pH of less than 4 or a soil sulphate content of 1% or greater. 

Laboratory testing comprising pH, chloride and sulphate content is in progress to assess 

the potential aggressivity of the in-situ soils. This section will be updated once the 

laboratory testing is complete. 
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If another party undertakes the implementation of, or construction according to,  

the opinion, conclusion and recommendations contained in this report, there is a risk that 

the same may be misinterpreted and KP cannot be held responsible for such 

misinterpretation. 

The opinions, conclusions and any recommendations in this report are based  

on information obtained from, and investigation undertaken at or in connection with,  

specific investigation points at site. Site conditions at other parts of the site may be 

different from the site conditions found at the specific investigation points. Actual site 

conditions may differ from those inferred to exist due to hidden conditions unrevealed 

and/or changes after the date of acquisition of information on which this report is based. 

The Client should retain the service of a suitably qualified and experienced  

Geotechnical Engineer through all development phases to carry out further 

investigations, if required, to identify any variance during construction/implementation 

and to determine solutions to problems due to the same. 
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