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THIS IS NOT AN OPENBOOK EXAMINATION – ONLY REFERENCES PROVIDED ARE 

ALLOWED 

SPECIAL REQUIREMENTS: 

1. Answer all questions. Answer the questions legibly in English. 

2. Write your ID Number on the outside cover of each book used and on any graph paper or 

other loose sheets handed in. 

NB:    Your name must not appear on any answer book or loose sheets. 

3. Show all calculations and check calculations on which the answers are based. 

4. Hand-held electronic calculators may be used for calculations. Reference notes may not be 

programmed into calculators. 

5. Write legibly in ink on the right hand page only – left hand pages will not be marked. 

6. Illustrate your answers by means of sketches or diagrams wherever possible. 

7. Final answers must be given to an accuracy which is typical of practical conditions, 
However be careful not to use too few decimal places during your calculations, as rounding 
errors may result in incorrect answers 

NB Ensure that the correct unit of measure (SI unit) are recorded as marks will be 

deducted from answers if the incorrect unit is used. (even if the calculated value is correct). 

8. In answering the questions, full advantage should be taken of your practical experience as 
well as data given. 

9. Please note that you are not allowed to contact your examiner or moderator regarding 

this examination. 

10. Cell phones are NOT allowed in the examination room.  



QUESTION 1 – OREBODY CHARACTERISATION 
 

To select the most suitable mining method for economic extraction of an orebody and 

determine design criteria for stable underground excavations, the orebody and host rock 

characteristics, amongst other parameters, must be investigated.   

1.1 Describe the geotechnical parameters required for rock mass classification using 

Laubscher’s Mining Rock Mass Rating system.   (3) 

1.2 Describe a site investigation program that you would undertake to obtain the data 

and how the parameters are applied to the classification system.     (10) 

1.3 Discuss any other factors that influence selection of a suitable mining method.  (3) 

1.4 How you would apply the parameters obtained in (1.1) to (1.3) to the selected 

approach?  Discuss any assumptions you must make and how this affects the 

design.   (4) 

 

[20 MARKS] 

  



QUESTION 2 – CAVING 
 

A massive, near-vertical copper orebody has been extracted to a depth of 600 m by 

surface mining.  Underground extraction is planned by cave mining where the undercut 

is situated at 1 050 m below surface.  A horizontal section through the orebody is 

roughly oblong, spanning approximately 150 m in width and 600 m in length.  The 

orebody is fairly well jointed with a Mining Rock Mass Rating (MRMR) approximately 50, 

hosted within slightly less jointed pyroxenite with an MRMR approximately 70.   

 

2.1 Determine the cave angle and the extent of the zone of failure at 800 m below 

surface.  Comment on the stability of an access ramp that approaches to within 

100 m from the limit of the orebody at this depth?  Illustrate your answer using a 

sketch. (7) 

2.2 Discuss how stress-driven damage can be averted on the production level by 

strategic sequencing of the undercut.  Use sketches to illustrate your answer (6) 

2.3 The orebody is intersected by high strength dolerite intrusions which result in 

uneven distribution in fragmentation and drawdown of the caved material as well 

as large block sizes.  As a result, the production level is expected to undergo 

damage.  Discuss strategies other than sequencing of the undercut that you could 

recommend to protect the production level.   (7) 
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QUESTION 3 – POTVIN’S STABILITY METHOD FOR LONG-HOLE OPEN STOPING 
 

Longhole open stoping is used to mine a 12 m wide orebody, dipping at 800 to the west 

with a known strike length of 600 m.  Mining will commence at a depth of 150 m below 

surface.  The individual stopes will be 40 m long and 30 m high.  Elastic modelling has 

been carried out to determine the stress distribution around the stope (results are 

included with the tables of information).  A geotechnical investigation has revealed that 

the rock mass quality is quite good (Q’ = 14) and the intact rock strength is 120 MPa.  

Two major joint sets, striking roughly parallel to the strike of the orebody, influence the 

rock mass surrounding the excavation, illustrated below. 

 

3.1 Calculate the modified stability number (N’) for the stope crown and each of the 

side-walls.  Present your answer in a table and list the stress values, strength to 

stress ratio, critical joint set, relevant angles, failure mechanism and the values of 

the A, B and C parameters. (7) 

3.2 Calculate the hydraulic radius for the crown and walls.  Determine whether the 

stope crown and walls are stable, transitional or caving and estimate the ELOS.  

Plot these values on the modified stability and ELOS graphs and hand in the 

annotated graphs with your script.   (6) 

3.3 Calculate the percentage dilution and indicate what action is required, if any.  

Present your results and comments in a table. (7) 
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QUESTION 4 – ROCK BREAKING 

 

Underground mining in hard-rock settings is highly dependent on successfully executing 

efficient blasting procedures.    

4.1 In ground conditions which are susceptible to damage when subjected to blasting, 

it may be necessary to produce excavations with smooth, undisturbed profiles.  

With the aid of sketches, discuss and compare the principles of perimeter blasting 

by pre-splitting and smooth blasting. (8) 

4.2 Sketch the blast fracture pattern that you would observe around a blast socket in 

an environment where there is a significant difference between the major and 

minor principal stresses.  Clearly indicate the direction of principal stresses in your 

sketch. (3) 

4.3 List and discuss measurement techniques that can be used in the field to evaluate 

the performance of explosives. (6) 

4.4 List and briefly discuss rock properties that determine the performance of a 

particular explosive.   (3) 
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QUESTION 5 –BACKFILL 

 

Backfill can be generated from several types of constituent materials and fulfil various 

functions at an underground mine site.     

5.1 Compare and contrast the characteristics, advantages and disadvantages of three 

types of backfill systems.  Present your answer in a table. (10) 

5.2 Discuss the use of backfill in the mining methods illustrated below.  Would you 

recommend the backfill be cemented or uncemented?  Discuss critical 

performance requirements. (5) 

 

 

5.3 Access into secondary mining areas often requires some development through or 

undercutting beneath backfill such as drift development or crown pillar removal.  

Discuss hazards and failure mechanisms you would anticipate, with suggestions 

for reinforcement strategies.   (5) 
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