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Presentation outline

1. Why it is important to optimize the design of open pit mine pitwalls.

2. What are geotechnically optimal pitwall profiles? And how we determine them.

3. The input data required to find optimal pitwall profiles. 

4. Illustration of 3 open pit mine case studies showcasing significant gains obtained 
in terms of Net Present Value and carbon footprint reductions:
Case 1) profit increase: $60M, 28% NPV, GHG savings: 1.49 MtCO2eq; 
Case 2) profit increase: $13.7M, 52% NPV, GHG savings: 0.06 MtCO2eq;
Case 3) profit increase: $11.7M, 34% NPV, GHG savings: 0.17 MtCO2eq.



A pitwall inclination which is 1 degree steeper (for the same level of safety) means:

• From an extra 10 m USD for a small-medium mine (e.g. Marvin mine, see the 
tutorial in Geovia Whittle) to an extra 100 m USD for large mines;

• a significant reduction of carbon footprint and energy consumption due to less 
rock waste to be excavated (around 2% overall reduction per 1 degree)

1. Why it is important to optimize the design of pitwall profiles

How can we achieve steeper pitwalls without compromising safety?

By abandoning the assumption of planar (linear) profiles.
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1. Why to consider non-planar profiles to steepen pitwalls?

The first mention in the lit. that a non-linear slope profile 
is better than a planar one appears in 1890 Newman, J., 1890. 
Earthwork slips and subsidences upon public works. E. & F. N. Spon, London.

Then in 1977 in chapter 12 of the second edition of 
Rock slope engineering from Hoek & Bray:
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2. How OptimalSlope determines optimal pitwall profiles

OptimalSlope finds the safe steepest profile 
(highest OSA) for assigned:
• stratigraphy, 
• rock properties,
• bench geometry and 
• target FoS



For each bench, constraints due to local structural 
geology + rockfall prevention + minimum berm 
width + presence of ramps determine a local 
maximum face inclination αmax which is imposed 
as a constraint in the mathematical search for the  
optimal profile.

All these local constraints (αmax,i for each bench) + the rock mass properties + the desired Factor 
of Safety are the input data for OptimalSlope. 

The design of any pitwall profile starts with the design of the benches. 

2. How OptimalSlope determines optimal pitwall profiles



2. How OptimalSlope determines optimal pitwall profiles
Background of OptimalSlope: 

• The software analyse the stability of thousands of 
profiles. For each profile it calculates its  stability 
number (or equivalent for multi-layer slopes). The 
profiles with the highest stability number is the 
optimal one. 

• Calculation of the stability number is based on the 
upper bound theorem of Limit Analysis (Chen, 
1975);

• For each profile considered, all potential failure 
mechanisms daylighting everywhere in the slope 
are analysed and the most critical one is the failure 
mechanism. 



2. How OptimalSlope determines optimal pitwall profiles

Example of a pitwall designed by OptimalSlope:

• The optimal profile is displayed by the red line 

while the blue line represents the planar 

profile;

• The two profiles exhibit the same FoS

• The green area represent the waste rock 

saved by adopting the optimal profile.

OSA FoS



3. OptimalSlope Graphical User Interface
• OptimalSlope is a compiled C++ & Matlab application that works on the AWS cloud. 

• A Graphical User Interface (GUI) manages the input of all the parameters required by OptimalSlope
and also the output optimal profiles determined by the programme for each pit sector. 

• The GUI is installed by a setup.exe file on any Windows computer. 

• The GUI is launched by clicking on the OptimalSlope icon. 



3. OptimalSlope Graphical User Interface data input
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3. OptimalSlope Graphical User Interface data input



3. OptimalSlope Graphical User Interface data output



4. Case studies
To demonstrate the benefit of employing geotechnically optimal profiles, in each case study we performed two 
mine designs: one using traditional pitwalls and one adopting optimal profiles.
Here I am going to talk about 3 case studies:

1) copper mine in Chile. 
Block model and data from Parra et al. 
(2017) Int J of Mining, Reclamation & 
Environment, 32: 221-238.

2) gold mine in saprolitic rock (NA). 
Data from Kinross

3) gold mine in altered rock. 
McLaughlin mine (USA),

Data from Minelib
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4. Case studies: Methodology

• The iterative procedure we followed to
calculate the UPL and pushbacks is the same
for all case studies irrespective of the shape
of the pitwall profile adopted (i.e. planar or
optimal profile).

• Pit optimisation is performed as usual by any
mine pit optimiser.



Illustration of how OptimalSlope interacts with mine design software packages 



4. First case study: a copper mine

Economic parameters

Geotechnical parameters

The mine is split in 2 zones or sectors where a representative 2D cross-section is assumed for the design of 
the pitwall in each sector. 

Acceptability criteria

Study performed in collaboration with:

Block model and data from Parra et al., (2017) Int J of 
Mining, Reclamation & Environment, 32: 221-238.



2D stability analyses of relevant sections by Rocscience Slide2 (M-P) & FLAC
4. First case study: a copper mine



3D stability analyses of all the UPL by FLAC3D

4. First case study: a copper mine
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4. First case study: a copper mine




