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ABSTRACT 

One of the key parameters impacting the performance and success of caving operations is rock 
fragmentation. Fragmentation directly affects productivity as it dictates hangup and secondary 
breakage events frequency and the likelihood of inrush events when percentage of fines is significant. 

This paper outlines the methodology and results of a study aimed at forecasting fragmentation at 
Cadia East PC1-2/1-3 mine. The methodology employed in this study follows from previous methods 
(Pierce, 2010� Garza-Cruz et al., 2014� Fuenzalida et al., 2014� Pierce et al., 2022a) where a primary 
fragmentation nomogram is derived based on a series of numerical simulations conducted using the 
Synthetic Rock Mass (SRM) approach and estimates of secondary fragmentation are based on a shear-
induced fragmentation logic included in the software MassFlow (Itasca, 2023). 

A review of historical fragmentation data, including observations and measurements at drawpoints 
and beltcut, as well as hangup and secondary breakage frequency records is presented. The historical 
data is used as a metric to conduct a back-analysis of the predictive model. The results of this analysis 
suggest a strong correlation between historical data and model results. The model is then used to 
forecast fragmentation specifically, in terms of hang-up frequency and percentage of fines at PC1-
2/PC1-3.

1 INTRODUCTION 

One of the key parameters impacting the 
performance and success of a caving operation 
is rock fragmentation. Fragmentation dictates 
the diameter of draw zones and influences the 
mass flow behavior within the cave column, 
which in turn controls the rate of cave 
propagation, dilution entry, and resource 
recovery. Most importantly, fragmentation is 
directly related to productivity as it affects the 
frequency of hang-ups in the presence of large 
fragments and, it also affects the likelihood of 
mud rush events when the percentage of fines is 
considerable, and water is prevalent.  

In general, two stages of fragmentation are 
considered: primary and secondary (see Figure 
1). Primary fragmentation occurs in the cave 
back vicinity due to the effect of gravity or 

induced stresses creating rock fragments 
through a combination of in-situ discontinuities, 
faults, veins and/or defects and growth of new 
fractures. Secondary fragmentation occurs 
within draw zones as rock fragments are 
subjected to high shear strains, causing further 
attrition (in the form of splitting and/or 
rounding) as they move down through the 
column. Impact onto muckpile when falling 
through air gap and compression in stagnant 
zones may be considered as other possible 
mechanisms during secondary fragmentation.  

This paper outlines the results of a study aimed 
at forecasting the fragmentation at PC1-2 and 
PC1-3 at Cadia East mine. The methodology 
employed to derive fragmentation follows from 
previous methods based on numerical tools 
found in the literature (Pierce, 2010, Garza-Cruz 
et al., 2014, Fuenzalida et al., 2014, Pierce et al., 
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assumptions used in the primary fragmentation 
block model. Future work should include 
running SRM models to include explicitly the 
effects of hydraulic fractures in the primary 
fragmentation estimates. 

Hangup frequency and secondary breakage 
events do not solely depend on oversize material 
but are also dependent on operational constraints 
such as drawbell geometry, draw rates, type of 
equipment, etc. Selection of 2m fragment 
diameter threshold to relate hangup and 
secondary breakage frequency showed a good 
correlation to site experience. This threshold 
should be carefully revisited when using a 
similar methodology at other sites. 

Point load index and cave back stress block 
models used as inputs to the methodology 
described in this paper inherently carry 
assumptions and errors. Uncertainty associated 
with each step in the process of development of 
the point load index block model should be 
considered when applying these types of models 
to rock strength and fragmentation predictions to 
mine design studies. In addition, uncertainty 
associated with the CBS block model should 
also be considered as stresses obtained to create 
such a model come from a continuum numerical 
model that does not include local changes to 
modulus nor explicit representation of small-
scale discontinuities and/or defects present in the 
rock mass that could affect stress redistribution 
around the cave.  
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