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ABSTRACT

The ability to accurately model the movement of grade
boundaries during a typical bench blast would be of
significant benefit to mine operators.  The movement of
grade boundaries during the blasting process may have
significant impact on grade recovery if not accounted for.
The paper describes the preliminary stages of a research
project which combines numerical blast models and
conventional mine planning software to allow practical
use of the results of a numerical blast simulation.  A two
dimensional bench blast is simulated using the Universal
Distinct Element Code (UDEC).  The results of the
simulation are used to provide input to the Surpac mine
planning package which can be used to generate grade
control plans.

INTRODUCTION

Computer simulation of open pit bench blasting
continues to present a significant challenge to the mining
industry.  Several models have been developed which
allow some visualization of burden movement as a result
of a typical open pit bench blast, (Chung et al. 1994;
Minchinton and Lynch 1996; Scott et al. 1996; Jorgenson
and Chung 1987).  In general these codes are not widely
available and in some cases their distribution is limited
for competitive reasons.  Since 1993 the Mining
Engineering Department at the Mackay School of Mines
has been investigating the use of “off the shelf” numerical
modeling software for use in bench blast modeling.
Previous work (Gilbride 1995) demonstrates that it is
possible to model bench blast movement to some degree
using codes such as Itasca’s Universal Distinct Element
Code, UDEC.  The blast model used in this paper is
largely based on work by Gilbride.  In associated work,
the possibility of measuring and predicting grade
movement in a bench blast has been investigated by
several workers, (Zhang 1994; Harris 1997).

Grade Control

For many mining and explosives companies, the
ultimate goal of blast modeling research is the ability to

design a new blast and view the results in terms of burden
movement and fragmentation without the need for field
trials.  In addition to fragmentation and heave, the ability
to model blast movement will allow the engineer to
predict the movement of grade boundaries and other
geologic features such as rock structure.  For the majority
of open pit gold mines in the Western United States, there
is no geologic distinction between ore and waste rock.
Blast hole sampling is used to determine grade boundaries
prior to a given pattern being fired.  As a result, grade
control practice includes attempts to minimize rock
movement during the blast, allowing pre blast grade
boundaries to be used as dig limits on the resulting
muckpile.  This paper describes a preliminary attempt to
use a mine planning software suite, Surpac, in transferring
blast model data into usable mine planning information.

UDEC MODEL

A blast model (Figure 1.) has been constructed using
UDEC.  The model represents a single hole bench blast in
two dimensions and is based on blast designs typical to
the Nevada gold mining industry.  Table 1 below
describes relevant blast geometry as applied in the model.

Property Value
Bench Height 7 m
Burden 3 m
Blast Hole Diameter 170 mm
Stemming Length 2 m
Sub Drill 1 m
Table 1.  Blast geometry and rock properties.

Two joint sets are included in the model, the first
dipping at 15o into the bench and the second dipping at
45o towards the free face.  The joints are considered to be
cohesion less with a friction angle of 20o, the blocks are
non deformable and the joint stiffness values are specified
at 1000 GPa, in order to prevent block penetrations which
cause the model to crash.

The UDEC model is capable of modeling both the
shock wave and gas pressure effects of the blast on the
rock mass.  Incorporating gas pressurization and hence a
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fluid flow algorithm in the code requires significantly
longer run times for the model.

Figure 1.  Basic UDEC blast model.

For the purposes of the paper, an internal stress
boundary was applied to the blast hole walls, with no
subsequent gas pressure loading.  The boundary condition
magnitude decays over time, approximating the
dissipation of explosive energy throughout the rock mass
as the blast progresses.

Blasthole Pressure

A Blasthole pressure of 100 MPa has been used in the
model.  Discussion of blast hole pressure in the literature
suggests a wide range of values, often depending on
individual model requirements.  Preece and Knudsen
1991 suggest a value of 10 GPa as the maximum
explosion pressure for ANFO, while Potyondy et al.,
1996, use a maximum pressure of 130 MPa.

It is noted that the current model in its described state
will not infact completely model the movement of a
bench blast to the point at which the rock blocks are
completely at rest.  The run time required for such a
model, when incorporating a gas flow algorithm, would
be measured in terms of days or weeks, even using a
moderately powerful desktop PC.  There are also
concerns over the numerical stability of UDEC when
block separations become significant relative to the model
(Gilbride 1995).

SURPAC INTEGRATION

General Approach

The next step in the process is to integrate the results
from the UDEC model into Surpac, an integrated mine
design package produced by Surpac Software
International Pty Ltd.  Redcliffe, Western Australia.  The
general approach is to take a file of the coordinates of the
UDEC elements and generate closed strings in Surpac.

The strings can then be classified by reference to their
location in a block model database, allowing correlation
with properties such as rock type, grade, ownership etc.
These properties can then be tracked as the blast
progresses.

The UDEC model is run for a specific number of time
steps, to allow significant block movements to occur.  The
model is then halted and, using standard instructions
embedded in the UDEC command language, the location
of the centroid of each block in the model is written to a
text file, the location of the corners of each block in the
model are written to a separate text file.  This process
continues, generating these files at predetermined
representative time steps throughout the blast.

After the UDEC simulation has been completed, the
centroid and corner files are processed through an Excel
spreadsheet using Visual Basic macros to produce comma
delimited files for input to Surpac.  Macros written for
Surpac then process these files into Surpac string files,
with each block from the original simulation generating a
closed string.  At this point the string files can be
associated with attributes from a block model of the
deposit, for visualization of the movement of critical
components through the blast.

Results

For this study a simple classification was used to
simulate a stratified gold deposit, the strata planes running
parallel to the 15o dipping joints.  The deposit is separated
into three zones:  the upper zone represents a low grade,
heap leach ore,  the middle zone a high-grade, mill ore
and the lowest zone is assumed to be waste. A typical
approach to mining these two zones might be to use two
short benches to avoid mixing of the ores and thereby
significantly increasing mining costs or, alternatively, the
plan might be to just use an average grade and either ship
diluted ore to the mill or high grade to the heaps,  either
increasing the processing costs or decreasing recovery.
In any case, the two horizontal ore zones can cause
problems for the ore control engineer.

The following four figures show the movement of the
bedded strata through the simulated blast.  Figure 2.
shows the in-situ material prior to detonation.  Figure 5.
shows the material after 10,000 cycles of the UDEC
model.  While this last figure is not the final resting place
of the blasted material (due to time constraints in the
UDEC model), it does indicate a horizontal segregation of
the low-grade and high-grade ores in the resulting muck
pile.  If this were in fact verifiable, it would allow the two
zones to be loaded separately for different processing and
possibly avoiding some of the problems inherent in
horizontal zones.

Figures such as these, can allow the mine planner to
track the location of specific portions of the rock mass
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through the blast to their final resting location.  With this
information, accurate dig maps can be generated and
grade estimates of the loaded material can be made.  With
this information available, blasts can be designed on the
basis of efficiency of rock fragmentation, rather than
minimization of blast movement.  This will allow for
improved overall fragmentation and hence lower total unit
cost of mineral produced.

Figure 2.  Blast model prior to detonation.

Figure 3. Initial burden movement after 2,000 cycles.

Figure 4. Continuing burden movement, 4,000 cycles.

Figure 5. Burden movement at 10,000 cycles.

DISCUSSION

It is noted that there exist various numerical blast
models which may be more appropriate as the modeling
platform for this work.  UDEC has been used in the first
instance in order to demonstrate the concept.  The use a
two dimensional blast model would not be appropriate for
practical application.  Itasca produce two distinct element
codes which operate in a three dimensional environment.
Bearing in mind previous comments regarding the run
time required for accurate modeling using a two
dimensional version of UDEC, it unlikely that the 3D
version would improve this aspect of the work.  Three
dimensional codes are significantly more expensive than
their 2D counterparts.

Orica Explosives, in conjunction with Sandia National
Laboratories, has developed a 2D distinct element code
called DMC (Distinct Motion Code).  It is reported that
this code is capable of running a full blast simulation in
minutes using standard desktop computer hardware.

A common theme of both UDEC, DMC and other
codes is their ability to produce visual results.  If the
results in terms of rock block locations are to be used as
input to other software, such as Surpac, this capability is
in many ways redundant.   The visual results of the
simulation, while interesting, are irrelevant when the
block centroid locations can simply be used as data to be
fed into a block model.

Assuming that a three dimensional blast model can be
developed which will give accurate results in reasonable
time, there will be the need to validate the model in some
way.  This raises the question of blast movement
measurement, as distinct from modeling.  There is
currently no proven method for accurately measuring the
movement of ore boundaries, specific geologic units or
the intermixing of burden from multiple row shots.
Several workers have attempted use of bags, pipes, chalk,
dyes and other similar methods.  In general, these
methods provide limited information and can be highly



4

disruptive to the drilling and blasting operations on a
mine.  The Mackay School of Mines has conducted
several studies in this area (Zhang 1994, Harris 1997).

Current blasting practices in mines at which grade
control is considered an overriding consideration tend to
be at odds with conventional theory in terms of
maximizing diggability and fragmentation, while
minimizing the total cost per ounce.  Choke or buffer
blasting, short inter-row timing and short benches are
possible in easy breaking conditions, such as
hydrothermally altered gold deposits, but these methods
can cause significant operational difficulty in more
competent rock masses.

CONCLUSIONS

The use of a three dimensional numerical model and
integration with as drilled assay data would allow
accurate grade boundaries to be determined from blast
modeling data.  Blasting practices may then be altered to
allow for more efficient use of explosive energy, while
maintaining accurate grade control during the loading
cycle.
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