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5.1 Geological Block Modelling Input in The Evaluator Package 

The geological block model is the foundational data needed to meet the project objectives of 

optimizing overall slope angles and maximizing NPV Copper and molybdenum are attributes in 

the block model and were set as the primary control grade, and by-product in the model 

respectively. The project type is a 3D Block Model, suitable for volumetric analysis and geometric 

assessments that inform slope design and pit optimization. Imperial units are used, with project 

bounds specified for elevation, northing, and easting to define a controlled volume within which 

mining operations are analyzed. The model spans an elevation range of -10 to 5030, capturing the 

full depth of the ore body, while northing and easting limits establish a horizontal extent from -

2000 to 10000 and -25000 to -7000, respectively. The model limits define block counts (112 for 

elevation, 120 for northing, and 180 for easting) and block sizes (45 for elevation, 100 for both 

northing and easting), achieving a balance between detailed analysis and computational efficiency. 

This configuration enabled detailed spatial and geological characterization of ore and waste 

distributions within the block model, allowing for accurate slope design and economic assessment. 

A percentage value for ore based on the reported ore quantity from the generated pitshell was set 

to provide flexibility in defining ore blocks within the model, allowing differentiation of ore from 

waste based on customizable thresholds. The density of both ore and waste as a model item was 

specified with a varying specific gravity that changes with the mineralogy and rock type for 

calculating block weight within the model. The material code item in the model included three 

classifications: Ore, Waste, and Leach, allowing for a clear differentiation of material types in the 

model used. Ore was set as the default material, representing economically valuable blocks, while 

Waste and Leach served auxiliary roles. Resource classification codes: Measured, Indicated, and 

Inferred were defined to enable differentiation of geological confidence levels, which is crucial for 

risk assessment in the extraction of the reserve. 

5.2 Economic Block Modelling 

The output from the geological block model was used for the economic modelling. The model in 

the Evaluator package in the MinePlan3D software, represented as the "Economic Block Model" 



in Fig 5.1, evaluates the economic parameters of the mine, such as ore grades, recovery rates, 

processing costs, and metal prices. This stage aims to optimize the economic viability of the 

project and generate a base case for further analysis. 
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This stage began with the bench-specific configuration and assumed parameters based on industry 

practices. The model specifies a starting bench at level 6, with an extraction rate (sinking rate) of 

five benches per year and a discount rate of 10%, impacting the time value of money in NPV 

calculations. Economic data such as mining and processing cost, copper and moly metal price, and 

recovery rates for both copper and moly were assumed for both ore and waste removal. This is 

aligned with typical open pit cost structures, where deeper benches incur higher removal costs due 

to increased haul distances and operational challenges. Material mapping plays a crucial role in 

economic modeling by defining the destination options for different material types, thus 

optimizing processing and disposal costs. The model specified that economically viable ore is sent 

to the mill, while non-profitable material is discarded as waste or sent to the dump. Additionally, 

leaching is designated for specific materials suitable for this low-cost extraction method, primarily 

for low-grade ores. This ensures each material type is directed to its most economically 

advantageous destination, helping to reduce unnecessary processing costs and recover maximum 

value from the mined material, thus enhancing the NPV. 

The reserves classification provides some level of confidence in economic modeling. Measured 

and indicated resources, which are higher in geological certainty, were specified in the model, 

contributing to a more reliable NPV. Inferred resources, with lower confidence levels, were 

excluded to avoid economic unpredictability. The "Always process all ore material" option in the 

model was left unchecked, allowing selective processing based on economic viability rather than 

processing all mined material indiscriminately. This allowed for the prioritization of high-grade 

material, ensuring that the most valuable resources are processed earlier, which contributes to 

optimizing NPV by focusing on profitability. 

The destinations for mined materials define handling protocols for different materials, including 

ore and waste. The mill was specified to handle ore, ensuring high-value material is directed for 

processing, while the waste destination handles non-economical material, reducing processing 
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costs. The leaching destination is configured to handle low ore grades as specified by the mine. 

This careful allocation of materials to destinations helped in optimizing operational costs, ensuring 

that each material type is managed in the most cost-effective manner. Directing ore to 

economically favorable processes and managing waste efficiently, contributes to achieving an 

optimal Net Present Value (NPV) in open-pit mining operations 

5.3 Pit Shell Generation and NPV Estimation 

The economic block model, which is the part of the geological model that can be mined at a profit 

was used in the generation of pit shells using the Lerchs-Grossman algorithm in the MinePlan 3D 

software package. The initial pit shell in Fig. 5.2a, reflects the existing slope and economic 

parameters without any modification. To evaluate the effect of modified slope angles on pit design 

and net present value (NPV), a second pit shell was created with a 1 ° change in azimuth between 

90° and 160°, as illustrated in Fig. 5.2b and detailed in Table 5.1 shows the current and adjusted 

pit slope angles specified by azimuth. 

Table 5. 1 Current and adjusted pit slope angles by azimuth 

Current Pit Adjusted pit 

Azimuth (0 ) Slope (0 ) Azimuth (0 ) Slope (0 ) 

0 48 0 48 

90 48 90 49 

160 48 160 48 

320 48 320 48 
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G 

Fig. 5. 2 Current mine pushback generated pit shell (a) and adjusted angle pit shell (b) both generated by the 
Lerchs-Grossman algorithm 

The adjusted slope angle yielded a 1.534% increase in NPV, suggesting that this adjustment 

enhanced profitability without compromising safety. The NPV was computed using a discounted 

cash flow (DCF) model. Key inputs included revenue from ore extraction, upstream and 

downstream cost of production, excluding capital expenditure, over the mine's life based on the 

sinking rate of operation. Additionally, we accounted for the discount rate to reflect the time value 

of money, as well as any adjustments in ore recovery and waste handling costs influenced by the 

change in slope angle. These factors collectively contributed to the observed increase in NPV with 

the adjusted slope angle 
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6 RESULTS DISCUSSIONS AND CONCLUSIONS 

This research study integrated advanced techniques in slope monitoring, stability analysis, and pit 

optimization (NPV estimation) to evaluate and improve the economic and geotechnical parameters 

of an open pit mine. Utilizing radar monitoring data alongside sophisticated analysis methods, the 

study offered insights into feasible slope adjustments and their impact on safety and profitability. 

Open-pit monitoring techniques were employed using ground-based slope stability radar. This 

system identified varying movement patterns on the pit walls, and analyzed for stability trends. By 

comparing the deformation trends with the Zavodni and Broadbent (1978) model, the study 

identified that the observed data most closely aligned with the regressive trend among the 

polynomials tested, using polynomial similarity metrics, root mean square analysis, and Euclidean 

distance calculations. 

The regressive trend alignment indicated that, under current conditions, slope stability is 

maintained. This outcome supports a gradual steepening of the pit slope angle, aligning with safe 

mining practices while potentially enhancing operational efficiency. The analysis verified the 

current slope stability, paving the way for further economic analysis without compromising 

structural safety. 

Using the Slide3 software, the study conducted slope stability analyses on both the current and 

adjusted pit geometries. Stability was assessed using multiple limit equilibrium methods, including 

the Bishop Simplified and Spencer methods. The factor of safety values from the analyses 

indicated that stability was achieved under various conditions, confirming that the proposed slope 

adjustment meets stability standards. The Spencer method was chosen as the primary indicator due 

to its accuracy and consistency across non-circular failure surfaces. Achieving an FS greater than 

the minimum threshold of 1.3, the adjusted slope met the safety criteria recommended by both the 

mine and industry standards. This finding validated that, slight adjustments to the slope angle can 

retain stability while preparing for subsequent economic evaluation. The economic impact of 

adjusting the slope angle was evaluated using pit optimization techniques in the MinePlan 

software. Implementing a 1 ° adjustment increased the NPV by approximately 1.534%, illustrating 

a positive economic benefit without significant safety risks. The optimization process factored in 

ore extraction revenues, waste handling, and discounted cash flow models, contributing to a higher 

NPV by enhancing ore recovery efficiency and reducing operational costs. 
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The pit shells generated through the Lerchs-Grossman algorithm further confirmed the profitability 

of the adjusted slope. Directing ore to economically favorable processes while managing waste 

more efficiently helped optimize operational costs, ensuring that each material type was processed 

in a cost-effective manner. 

This research demonstrates the potential for improving both safety and economic outcomes in 

open-pit mining operations through an integrated approach to slope monitoring, stability 

analysis, and optimization. The key findings are as follows: 

i. Stability Confirmation: The current slope demonstrates stability, aligning with the 

regressive trend in the Zavodni and Broadbent model. The factor of safety across multiple 

methods confirms that gradual slope adjustments can enhance operational efficiency 

without compromising safety 

11. Economic Enhancement: A minor slope adjustment yielded a substantial NPV increase, 

supporting the feasibility of optimizing pit designs for improved profitability in open-pit 

mining. Adjusting the slope while maintaining a stable FS validated the economic 

justification for implementing such changes. 

iii. Framework for Future Applications: The combination ofreal-time monitoring data, limit 

equilibrium analysis, and economic modeling forms a robust framework that can be 

applied to similar mining operations. This methodology outlines the importance of 

adaptive geotechnical modeling, with real-time data enhancing continuous assessment 

and decision-making. 

Future research can expand this study by incorporating more diverse datasets across various 

mining sites to validate the applicability of the framework. Further exploration of the synergy 

between geotechnical assessments and economic modeling is also recommended, as it can lead to 

more refined strategies for slope stability management and economic optimization in the mining 

industry. 
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