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3. CASE STUDY- DESIGNING THE OPTIMAL CONNECTOR BETWEEN TWO ORE BODIES 

The scheduling and access design of an underground mine have previously been considered as two separate optimisation 

problems. Typically, first access to the mine is designed and then the scheduling is completed. 
 

We formulate the design of the access and schedule its construction as a single optimisation problem.  
 

The underground mine access construction process is classified according to the number of faces being developed concurrently.  

An underground mine with a single decline branching at a junction point into two declines is considered.  
 

We propose two efficient algorithms for optimally locating a junction point to maximise the Net Present Value (NPV) where one or 

two faces are being developed concurrently below or above the junction point.  

 

4. CONCLUSIONS 

 In our case study, the connector that links two underground ore bodies is designed to obtain the maximum NPV.  

 The 2-face discounted junction point algorithm improves the NPV compared with the underground mine operation with a single face.           

Also, the improvement of the NPV increases with the discount rate. 

 In the optimisation, several breakout points are considered and then the best location of the breakout point is identified to obtain the 

maximum NPV. 

 In future research, a new algorithm will be developed to locate a single junction point with the gradient constraint. 

2. 1- FACE AND 2- FACE DISCOUNTED JUNCTION POINT ALGORITHMS  (1FDJPA & 2FDJPA) 

Discount NPV for two  NPV for one NPV  

rate     

(% p.a) 

development  

faces ($k) 

development  

face  ($k) 

improvement 

($k) 

5 89210 88065 1145 

8 87341 85826 1515 

10 86146 84406 1740 

12 84991 83039 1952 

15 83326 81078 2248 

20 80717 78023 2694 

The coordinates of Location of the Optimal 

the breakout points 

in ore body A 

junction point 

 

NPV ($k) 

(0,0,0) (915,984,69) 86956 

 (0,100,100) (912,999,87) 86991 

 (0,200,200) (911,1016,105) 86925 

 (0,300,300) (913,1036,123) 86759 

 (0,400,400) (919,1058,139) 86497 

 (0,500,500) (942,1099,157) 86146 

Fig. 3:  The optimal design of the connector for one and 

two development faces 
Fig. 4: The optimal design of the connector for a range of 

breakout points in ore body A  at 10% discount rate 

Table1: Improvement of the NPV for two development 

faces compared to one face 

 

Table 2: NPV variation of the possible breakout 

points in ore body at 10% discount rate 

Fig. 2: The connector that links ore bodies A and B 

Aim: Design an underground connector  between ore bodies 

A and B so as to maximise the NPV associated with that 

connector. The connector will break out from the existing 

infrastructure in ore body A and extend to ore body B. 
 

Outputs: Optimal design of the connector, showing location 

of the junction using only one or two (if possible) 

development faces and the choice of breakout point and the 

optimal NPV associated with this design. 
 

Data: The location of the breakout point in ore body A: 

(0,500,500) 

The locations of the draw points in ore body B: 

(1000,1000,0), (1000,1200,200), V1 = $60M, V2 = $40M,  

Unit cost = $ 6000/m, Development rate = 1560 m.p.a, 

Discount rates = 5, 8,10,12, 15, 20 % p.a. 
 

 

 

 

 

Underground access construction process: 
 

 1-Face:  

Only a single access drive can be constructed at a time. 

 2-Faces:  

Two access drives can be constructed at a given time. 

Fig. 1 - A schematic representation of a simplified underground mine 
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Why two construction faces concurrently? 
 

 For drill and blast development, a jumbo is typically the rate limiting piece of 

equipment.  
 

 If only one access drive is available, the jumbo is idle while the face is     

mucked after blasting.  
 

 If another drive face is available, the utilisation of the jumbo is increased.  
 

Objective function:  
 

 To optimally locate the junction point to maximise the NPV. 
 

 The discounted variable costs are generated from the access construction   

process  and the ore production in terms of the location of the junction points. 
 

 The total NPV is derived as the sum of both discounted fixed and variable  

costs. Unit costs are assumed to be given. 

 

 


