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Abstract 

Nchanga Underground mine uses a block caving variant to extract the lower ore body of the 

Nchanga syncline. The deepest part of the ore body, the H Sub-Incline complex, is thin with 

4.39m average thickness, 5.27% weighted average grade of Copper and hosts 1,219,314t in-

situ. Operational challenges were being faced including early dilution discharge and pre-

mature collapse of secondary developments. In addition, the tramming equipment was failing 

to meet planned production targets by discrepancies of 35.8% for availability, 25.4% for 

utilisation and 63.3% for trammed ore. Caved mass evaluations showed that inclined 

undercutting and a 63.5
o 
angle of draw based on friction angle of the ore zone are suitable for 

exploiting the complex. Total dilution entry point tonnage of 774,553t was computed for the 

ore body so as to determine the tonnage which will be drawn before diluted material starts 

discharging into scraper drifts. Maximum buffer reserve tonnage between development and 

production was calculated as 192,553t after considering a block recovery factor of 140%, 

minimum stand-up time for secondary developments (i.e. 0.93years) and annual production 

rate of 308,500t per year. The calculated buffer reserves will save Konkola Copper Mines 

$173,231.46 in support costs for developments which are outside the just-in-time range. 

Additionally, sub systems of dump trucks which had the most impact on loss of machine 

availability were identified by reliability analysis so as to propose maintenance intervals 

which coincide with 75% on each reliability curve for the respective trucks. Following this, it 

was observed that mean time-to-repair of the Sandvik EJC533 truckôs transmission was 

significantly higher at 82.80hrs than that of the other Atlas Copco trucks which averaged at 

2.34hrs. It was inferred that this difference was caused by a lack of proficiency to maintain 

and repair Sandvik EJC533ôs transmission. Sending artisans to Sandvik for transmission 

debugging and diagnosis training is expected to reduce repair time and improve reliability. 

Correspondingly, preliminary investigation showed that Longwall and Cut-and-Fill stoping 

are the technically superior methods to exploit the complex. Longwall mining was selected as 

the most appropriate method for extracting future reserves of the complex after a review of 

documentation on these methods was done using the criteria of operating costs, ore recoveries 

and productivity per man hour shift. The study established that extracting the complex will 

increase the life-of-mine by at least 2.42 years, yielding net discounted earnings of 

$63,006,898.32 excluding interests, taxes and depreciation.  
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CHAPTER 1:  INTRODUCTION  

 

1.1 Location of Nchanga Mine 

Konkola Copper Mines (KCM) is one of Zambiaôs largest integrated copper producers. 

Nchanga mine is one of three mines owned by KCM and is located in the municipal town of 

Chingola, north of the Zambian capital city of Lusaka as shown in Figure 1.1. Nchanga 

Underground mine (NUG) and Nchanga Open Pit (NOP) are the two main sources of copper 

and cobalt ore at the mine and they exploit the gently dipping Nchanga syncline ore body.  

NUG uses a variant of block caving method to extract the ore body. Presently, the future of 

NUG production is being focused on extracting the relatively deep, thin yet rich H Sub-

Incline (HSI) complex. 

 

Figure 1.1: Location of Nchanga Mine (Source: "Nchanga Open Pit Mines" Google Maps. 

May 31, 2016) 
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1.2 Statement of the problem 

Exploration has shown that the HSI complex is thin and rich considering a cut-off grade of 

1.0% Total Copper (TCu). The in-situ reserve hosts 1,219,314 tonnes of ore with a weighted-

average grade by tonnage of 5.27% TCu and an average ore body thickness of 4.39m. Copper 

ore is mainly hosted in relatively competent Arkose (ARK) strata and also the transitional 

layer and, to a lesser extent, the Lower Banded Shale (LBS) in blocks east of 2870/3E and 

3020/3E levels. 

However, operational and economic challenges were being experienced when extracting the 

HSI complex blocks. Unplanned dilution is undesirably high at 27% such that diluted 

material is discharging prematurely into scraper drifts mainly due to the following: 

¶ Fines migration, of the relatively less competent hanging wall (LBS) material, 

through the coarse matrix of fairly competent ore material, during production 

drawing.  

¶ Reduced gravitational flow zone since there is an unfavourably high phreatic level as 

shown in Figure A-1 of Appendix A, which is also causing decreases in draw cone 

radii because of ore and waste caking in the draw zone.  

¶ Short stand-up time of development drives and weak pillar material. 

Consequently, costs of operation have increased due to the need to re-mine partially or 

completely closed development drives as shown in Figures 1.2 and 1.3.  
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Figure 1.2: Collapsed drift 

 

Figure 1.3: Blocked development drive 

 

Furthermore, the trackless ore conveyance system is failing to meet planned production 

targets as shown by availability, utilisation and trammed ore percentages in Figure 1.4. 

 

Figure 1.4: Performance indices for dump trucks in the HSI complex 
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1.3 Study objectives 

1.3.1 Main objective 

To determine the production potential of the HSI complex and compute the optimal operating 

strategy which maximises extraction of the complexôs blocks east and below 2870/3E and 

3020/3E, at KCMôs NUG mine.  

1.3.2 Sub-objectives 

i. Review literature relevant to NUG mining operations using current caving method. 

ii.  Review of total mineable reserves for the HSI complex blocks east of 2870/3E and 

3020/3E.  

iii.  Compute optimal buffer reserves which can be fully extracted just-in-time before 

partial or complete closure of development workings. 

iv. Analyse the reliability distribution of current trackless equipment such that material 

conveyance operations are maximised. 

1.4 Research questions 

Á Which Nchanga HSI complex blocks, east and below 2870/3E and 3020/3E, can be 

efficiently exploited after considering the practicality of mining, economics of 

extraction and recovery factors? 

Á How much reserve tonnage can be developed, and provided for production, ñjust-in 

timeò before the developments reach the end of their stand-up time? 

Á Are the current hoisting and tramming equipment a viable option for economic 

extraction of the minable reserves of the complex? 

Á Is block caving best suited for exploiting future undeveloped reserves of the complex? 

 

1.5 Research methodology 

The study spanned over a period of a seven month period from July 2016 to January 2017. 

Field work included underground site observations, point load testing of irregular rock lumps, 

collection of discontinuity data, gathering of ore body characteristics and collation of dump 

truck breakdown data. Secondary data derived from archived geotechnical records were used 

for rock mass classification purposes because information derived from fieldwork yielded 

similar results to the secondary data.  
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A comprehensive description of the research design was presented in Chapter 3. Sections 

1.5.1 to 1.5.5 briefly describe activities which were carried out in order to address the 

different segments of the research problem. 

1.5.1 Literature review plan 

Current knowledge of the research problem was established by reviewing existing conceptual 

and data based literature. Information was gathered from KCM and University of Zambia 

library facilities, and also, the ñGoogle Scholarò service. 

1.5.2 Review of HSI complex mineable reserves 

Consequently, mineable reserves were reviewed by firstly determining the resource using 

exploration data from KCM. The cut-off grade was used to remove blocks which are not 

economical (i.e. 2870/7EC only). Blending options were considered between the 2870/7EC 

block and the block which contains the highest copper grade of all the blocks (i.e. 3020/7EB). 

The practicality of mining, dilution and recovery factors was subsequently ascertained by 

conducting undercut design, calculating the total tonnage which will be drawn before diluted 

material starts to discharge into scraper drifts and the determination of net discounted 

earnings before interest, taxes, depreciation and amortisation (EBITDA). 

1.5.3 Just-in-time Buffer Mineral Reserves 

The maximum reserve tonnage that provides developments just-in-time before their collapse 

was computed by taking into consideration the excavation stand-up time, annual production 

rate and mining block recovery factor. 

1.5.4 Reliability evaluation of the dump truck fleet 

Dump truck failure data was analysed so that components with the most impact on 

availability were identified. Failure data for these components were subjected to further 

reliability modelling using the Reliability Analytics Toolkit (Morris, 2010) so as to 

recommend appropriate maintenance intervals.  
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1.5.5 Mining method selection 

Following a review of mining method selection techniques, a preliminary investigation was 

done to determine the best method for exploiting future undeveloped reserves using the 

online UBC mining method selection tool (Edumine, 1999).  

1.6 Significance of the study 

Successful exploitation of the complex will bring about the following benefits to KCM: 

V Effective extraction of the high grade HSI blocks will help counter copper price 

fluctuations. 

V The reviewed mineable blocks will increase the life-of-mine (LOM) for KCM. 

V KCM cash in-flows will be significantly improved. 

V Mining the complex will further help KCM gain more geological knowledge of the 

continuity of mineralisation below and east of 3020FT levels. 

V Production and development excavations for extracting the complex blocks will 

provide access to sub 3020FT levels for future exploration, developments and 

production.  

1.7 Research scope and limitations 

Table 1.1 describes a summary of the studyôs scope and limitations. Fulfilling the objectives 

of this study was hindered by constrained study time frame, limited access to fresh diamond 

drill core samples and unavailable software packages (e.g. Flac 3D, Abaqus 3D, PFC 2D 

&3D).  
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Table 1.1: Scope of the study 
C

a
lc

u
la

ti
o

n
s 

 Incorporated Excluded 

Rock mass 

classification 

systems 

¶ Rock mass rating, 

¶ Rock quality designation, 

¶ Q- Classification, 

¶ Laufferôs rock mass classification 
system. 

¶ Laubscherôs rock mass classification 
system 

Other rock mass 

classification methods 

Buffer mineral 

reserves and 

development rate 

¶ A technique based on the production 

rate and excavation stand-up time. 

Other methods based 

on specialised 

software packages 

like FLAC 3D 

Review of 

economic 

reserves 

¶ Income/loss visibility calculations based 

on computed dilution entry point at the 

draw points. 

Other calculation 

techniques suitable 

for economic review 

including block 

modelling. 

Optimisation of 

materials 

handling system 

 

¶ A method based on analysis of 

reliability, availability and 

maintainability of the current trackless 

material conveyance system against 

planned productive capacity. 

 

Other analysis 

methods based on 

specialised software 

packages like 

HaulSIM Ê. 

Ground support 
¶ Empirical support calculations based on 

Q- classification. 

Numerical modelling 

Caved mass flow 

analysis 

¶ Methodologies suggested by Heslop & 

Laubscher (1981), Laubscher (1990), 

Laubscher (1994), Susaeta (2004) and 

Munro (2013) 

3D particle flow 

simulations using 

specialised softwares 

like PFC 2D or 3D 

M
o

d
e
ll
in

g
 

Mining method 

selection 

¶ University of British Colombia method Other selection 

methods like Multiple 

Criteria Decision 

Making 

Economic 

modelling 

¶ Based on review of economic reserves 

computations 

¶ Life-of-mine (LOM), Net present value 

(NPV) calculations. 

Detailed cost 

overview 
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Furthermore, the anticipated constraints and inadequacies of the study which were realised 

during the course of this study were as follows: 

Á The investigations in this study were only limited to HSI complex blocks east of 

2870/3E and 3020/3E. 

Á Numerical modelling was not done for determining stand-up times, stable stope 

dimensions and support designs. The reason for not conducting numerical modelling 

was mainly due to unavailability of appropriate softwares like Fast Lagrangian 

Analysis of Continua (FLAC) 3D. However, empirical graphs were used as an 

alternative to provide sufficiently accurate estimates in a timely manner.  

Á The study did not encompass mineral price forecasting (e.g. time-series analysis, 

stochastic or dynamic programming) so as to determine the current copper priceôs 

position on the global copper price fluctuation cycle at the London Metal Exchange. 

Knowledge of this position on the cycle will further consolidate this study because it 

will help to ascertain the optimal commencement time for excavating developments 

of future HSI complex reserves such that KCMôs cash flows are maximised by a 

minimised payback period.  

Á The study also did not incorporate cave control evaluations by computer simulations, 

small scale physical model or full scale mine models. This was due to constraints of 

unavailability of the computer simulation software packages (e.g. PFC 2D, PFC 3D 

and ABAQUS 3D) and also the limited time allocated for the study. 

Up-to-date cost structure was not used for review of economic reserves due to the KCMôs 

privacy and disclosure policies. However, following frequent consultations with line 

managers and cost accountants, the estimated values used in the economic evaluation process 

yielded fairly accurate results.  
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1.8 Thesis outline 

The previously stated objectives and research questions were answered through the following 

outline of this report: 

Chapter 1 introduces the study by describing the background of the problem statement, 

defining the studyôs objectives and highlighting the research questions. The objectives were 

made to be specific, measurable, attainable and realistic such that the research questions are 

answered adequately. 

Chapter 2 provides a review of scholarly knowledge on the different study areas of interest. 

In addition, it provides general background information of the Nchanga Underground mine 

including details on the Nchanga syncline geology, current mining method among other 

things. 

Chapter 3 defines the overall strategy which was utilised to achieve the aim of the study. 

The data sources, study variables, sampling criteria, data collection and analysis techniques 

were described clearly so as that the different components are integrated in a consistent and 

logical manner.   

Chapter 4 provides an overall description of the processes which were performed in 

gathering data of the study variables for further processing and analyses. Efforts were made 

to develop and utilise the appropriate tools in order to avoid gathering superficial, biased or 

incomplete data. 

Chapter 5 presents the meticulous assessment and manipulation of primary and secondary 

data in order to establish and validate the studyôs findings. 

Chapter 6 describes the deductions made from assessment of the study findings in relation to 

the objectives defined in Chapter 1. Consequently, conclusions were drawn and 

recommendations were made based on the inferences established in this study.  
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CHAPTER 2:  BACKGROUND AND LITERATURE REVIEW  

 

2.1 Introduction  

The purpose of this Chapter was to elaborate current erudition concerning the variables 

influencing existing challenges faced in exploiting the HSI complex. Firstly, an assessment of 

criteria used to design interactive draw zones was done such that the HSI complex blocks can 

be extracted economically with minimised dilution entry. Secondly, a review of literature 

regarding just-in-time buffer reserves was undertaken with the aim of obtaining pre-requisite 

knowledge for computing the maximum allowed reserve development rate which curtails 

premature collapse of development headings. Thirdly, a discussion was done, regarding 

reliability analysis of trackless ore haulage systems, so that sufficient information is gained to 

facilitate an investigation to determine the feasibility of existing NUG trackless fleet to meet 

production commitments. Lastly, mining method selection techniques were reviewed in a 

preliminary attempt to aid in the process of selecting the most suitable method for mining 

future undeveloped reserves of the complex. 

2.2 Geological setting of the Lower Ore Body 

The Nchanga Syncline is a geological structure which hosts three copper (Cu) ore bodies at 

NUG mine. The three mineralisations are Upper Ore body (UOB), Intermediate Ore Body 

and Lower Ore Body (LOB). Figure 2.1 illustrates an idealised section of the Nchanga 

Syncline highlighting the stratigraphic progression of rock strata at NUG. UOB is about 20m 

thick and consists of the highly folded Feldspathic Quartzite overlain by Upper Banded 

Shale. Meanwhile, LOB has a thickness range between 3m to 15m mainly comprising of 

ARK, transitional layer and LBS. 
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Figure 2.1: Idealised sectional view of Nchanga Syncline (Pearson, 1981) 

 

2.2.1 Stratigraphic assemblage 

The basement rock the LOB is the Nchanga Red Granite (NRG) in which the main shafts are 

sunk. This is overlain by ARK formation in which most of the primary and secondary 

developments are excavated. Other rock formations in succession are shown in the 

stratigraphic column in Figure 2.2. 
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Figure 2.2: Stratigraphic sequence of rock formations in the LOB (Chishimba & Mundike, 

2014) 

 

2.2.2 The HSI complex mineralisation 

Mineralisation in the HSI complex is essentially an extension of LOB in the deepest part of 

NUG (i.e. sub 2720FT levels). Exploration has proved that this ore body hosts high grade Cu, 

however, the thickness is considerably smaller ranging from 0.8m to 9.8m.  In addition, the 

ore zone extends from the top part of ARK into Transition ARK. The total reserve for the 

complex is 1,219,395t of Cu ore in-situ with a weighted average of 5.27% TCu by tonnage. 

The HSI complex blocks are illustrated in Figure 2.3. 
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Figure 2.3: HSI complex blocks plan view (KCM, 2016) 

 

In order to interpret Figure 2.3, consider block 3020/3EB. The block tonnage, ore thickness, 

grade (%TCu) and acid soluble Cu grade (%ASCu) for the block are as follows: 

 Block Tonnage  = 82,685t; 

 Ore Thickness  = 3.1; 

 Grade (%TCu)  = 4.20%; and 

 Acid-soluble Cu grade = 1.96%. 

2.2.3 Structural geology 

The results from scan line mapping of geological structures at NUG show dominant 

discontinuity sets illustrated in Figure 2.4. 
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Figure 2.4: Stereographic plot of major discontinuity planes at NUG (Chishimba & 

Mundike, 2014) 

 

However, no pre-mining stress testing has been done at NUG and KCM geotechnical staff 

consider overburden load as the major principal stress (Chishimba & Mundike, 2014). 

Therefore for the purpose of calculating the major principal stress, the traditional empirical 

relationship shown in Equation 2.1 was used. 

  ᾀ      [2.1] 

Where:   = Overburden Stress (Pa); 

   = Unit weight of hanging wall rock (N/m
3
); and  

  ᾀ = Depth from surface (m). 
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2.3 Mining method at Nchanga Underground mine 

NUG mine employs a variant of block caving mining method to extract copper ore hosted in 

the LOB. The governing parameter which was used to select this mining method was 

geotechnical conditions of the ore zone, hanging and foot wall of LOB. Caveability of the ore 

body is initiated by low charge fan blasting from undercut excavations (i.e. trough drives) and 

ore flows by gravity into a system of herring-bone draw points along scraper drifts. Material 

is then mobilised by firstly scraping from the scraper drifts, subsequently flowing into the 

transfer drifts and then lastly it reaches the box raises. Figure 2.5 illustrates the NUG design. 

Further tramming is done by loading locomotives from the box raise chutes and transporting 

to the shaft hoist. Despite this, ore and waste mobilisation in the HSI complex is done by 

loading dump trucks from the box raise chutes, tramming the material to the 2600FT tipping 

points and thereafter locomotives transport the material to the hoist on the 2720FT main 

tramming level. 

 

Figure 2.5: NUG mine layout (KCM NUG training manual, 2000) 
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2.3.1 Draw point geometry 

The configuration of draw points at NUG is staggered, as shown in Appendix B-1, with a 

centre-to-centre spacing of 4.6m for the finger raises. The first and last finger raise crosscuts, 

on opposite sides of the scraper drift are excavated at 70
o
 from the scraper drift, also shown in 

Appendix B-1. More dimensions of the draw points are illustrated in Appendix B-2. 

2.3.2 NUG cave parameters  

A set of factors have been defined by NUG cave control officials for the purpose of 

minimising premature dilution and maintaining a uniform cave profile. The angle of the cave 

face must not exceed 60
o
 to the horizontal while the ore/waste interface should be maintained 

horizontally both in dip and strike. An allowance of ±16
o
 maximum deviation is permitted for 

horizontal ore-waste interface. Figure 2.6 provides a diagrammatic representation of these 

cave parameters at NUG. 

 

Figure 2.6: NUG cave profile (KCM NUG Training Manual, 2000) 
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NUG production drawing is constrained by the guidelines highlighted in Table 2.1. 

Table 2.1: Technical guidelines for production drawing per drift (KCM Cave Control 

Manual, 2014) 

Exploited % of Ore Reserve Remark 

Less than 15 Extraction is limited to 1000t per month 

15 to 30 Extraction is limited to 1500t per month 

30 to 101 Extraction is limited to 2000t per month 

101 to 125 Extraction is limited to 1000t per month 

More than 125 Drift is no longer considered in production 

planning and extraction is limited to 1000t 

per month. 

 

In addition, maximum monthly production is the lower value of one of the following: 

¶ 8% of the ore reserve; or  

¶ 2000t per month per drift. 

Following the exhausting of drifts and definition of new cave face profile, the Dynamic Ore 

Reserve System (DORS II) software is then used to extrapolate grades using the Exponential 

Grade Factor formula (KCM Cave Control Manual, 2014). 

2.4 Caved mass flow 

2.4.1 Types of flow modes 

In block caving, caved material is collected at the draw point. As mucking proceeds, a 

disturbance zone in the rock mass can be observed above the draw point, traditionally called 

the ellipsoid of draw (Kvapil, 1998) which is now commonly referred to as an isolated draw 

zone (Laubscher, 1994), (Halim, 2004), (Munro, 2013). Draw zone diameter is a key 

parameter of dilution behaviour in block caving (Rubio, 2002). Several authors including 

Kvapil (1965) and Laubscher (1994) developed empirical charts to compute draw zone 

diameter mainly based on fragmentation of rock, fragment shape, moisture content and size 

of opening. 

Flow of caved mass is mainly classified as either isolated draw, interactive draw or isolated-

interactive draw. Susaeta (2004) used results from a sandbox physical model to distinguish 

between these three types of draw by comparing the rate of flow through a draw point (Vta) to 

rate of displacement of material overlying the major apex pillar (Vti). Figure 2.7 illustrates 
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the diagrammatic relationship between Vta and Vti, in a draw zone, where the ratio of Vta / 

Vt i is called the degree of interaction. 

 

Figure 2.7: The relationship between Vta and Vti in the draw zone (Susaeta, 2004) 

 

The following deductions were made by Susaeta (2004): 

i. Vta > Vt i induces isolated-interactive flow as shown in Figure 2.8 (a), 

ii.  Vta = Vt i induces interactive flow as presented in Figure 2.8 (b), and 

iii.  Vta > 0 and Vti = 0 induces isolated flow as shown in Figure 2.8 (c). 
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Figure 2.8: Modes of gravity flow (Marano, 1980) 

 

Block caving at NUG favours interactive draw because even horizontal displacement 

between draw zones is generated so that there are no zones between draw points that may 

eventually provide a point load on the scraper drifts, damaging them and ultimately resulting 

in their collapse. In addition, interaction between draw points acts as a barrier to waste 

material, thus, retarding dilution entry into the draw points. 
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In order to achieve interactive draw, Kvapil (1965) recommends draw point spacing 

equivalent to draw zone diameter, while Laubscher (1994) suggests 1.5 times the draw zone 

diameter. A draw point spacing of 1.6 to 1.7 times the draw zone diameter is recommended 

for competent rock environments (Susaeta, 2004).  

2.4.2 Parameters which influence dilution 

Castro and Parades (2014) conducted a review of factors which affect dilution in caving 

operations. Table 2.2 describes a concise presentation of these parameters. 

Table 2.2: Parameters affecting dilution 

PARAMETER  EFFECT ON DILUTION  AUTHOR  

Uncaved ore/waste interface 

inclination 

To reduce dilution, the interface 

inclination must be maintained between 

45
o
 to 50

o
 by draw control. 

Julin (1992) 

Ore volume to ore/waste 

interface surface area 

The higher the ratio of ore volume to the 

ore/waste interface area, the lower the 

amount of dilution. 

Laubscher 

(2000) 

Fragmentation range of ore 

and waste 

Finely fragmented waste and coarse ore 

translates to pre-mature and extensive 

dilution, while coarse waste and fine ore 

means a low overall dilution percentage. 

Laubscher 

(2000) 

Height of the interaction 

zone 

Good draw zone interaction and parallel 

flow will represent the best conditions. 

Poor draw zone interaction and angled 

draw zones result in high dilution. 

Laubscher 

(2000) 

Variations in waste and ore 

densities 

High density waste and low density ore 

lead to high dilution. The converse is also 

true. 

Laubscher 

(2000) 

Block or panel caving 

strategy 

A block cave strategy will lead to more 

horizontal dilution mixing than panel 

caving  

Laubscher 

(2000) 

Uniformity of draw 

Low uniformity of tonnages drawn from 

neighbouring draw points will result in 

low interaction and early dilution entry. 

Julin (1992) and 

Susaeta (2004) 

 

2.4.3 Dilution characteristics in draw zones 

Leonardi et al. (2011) defined only three key mechanisms of dilution in block caving as 

shown in Figure 2.9: 
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Figure 2.9: The primary mechanisms of dilution (a) fines migration, (b) isolated draw and (c) 

rilling (Leonardi et al., 2011) 

However, Table 2.3 further expounds other essential dilution mechanisms in block caving 

extraction. 

Table 2.3: Dilution mechanisms (Diering, 2007) 

MECHANISM  
DIRECTION OF 

INFLUENCE  
COMMENT  

Vertical Mixing Vertical Different velocities for broken material 

Horizontal Mixing Horizontal Failure of near pillars and  draw cones  

Toppling Horizontal Toppling failure at the cave surface 

Rilling Horizontal Failure at fragmented/solid rock interface 

Regional Lateral Movement Horizontal 
Mostly at distinct interfaces like the sides of 

kimberlitic pipes 

Cone erosion Vertical The increase of draw cone radius 

Stagnation Vertical 
The decrease of draw cone radius due to ore 

caking as a  result of presence of moisture 

Fines migration Vertical 
Rapid downward movement of fine material 

within a coarser matrix 

Piping Vertical Small direct path for fines migration 

Mud rush Multi-directional Fluid flow within a coarse matrix 

Open pit failures Vertical Abrupt failure of overlying strata  

Variable cave back with time Vertical Incremental changes to cave back 
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Figure 2.10 illustrates vertical and horizontal mixing, otherwise known as gravity and lateral 

dilution respectively. 

 

Figure 2.10: Schematic sections of draw points (a) Vertical mixing and (b) Horizontal 

mixing (Castro and Parades, 2014) 

 

2.4.4 Mixing process within draw zones 

Table 2.3 highlighted various modes of dilution within draw zones in block caving mines, 

however, simulation of mixing processes within the caved area must be performed. This is so 

because waste material can be transformed to ore if fines ingress high grade ore. The 

converse is also true because the same ore material can be sterilised if mixed with waste 






















































































































































































































