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Abstract

The early miners and their mules always had the challenge of transporting unstable dynamite underground.
The modern pumpable explosives, whilst far safer, still present a major logistics challenge for the mobile
charging units (MCU).

The challenge today is the efficient explosive delivery into declines, ramps, and vertical shafts, often
requiring the MCUs to travel excess distances up and down to surface to re-load. Alternatively, the
management of cassettes or ISO containers is utilized to deliver the pumpable base emulsion to the MCUs
at the working face. Additionally, local laws and regulations regarding shaft clearance further compound
the task and result in pausing other operations in the shaft or decline or ramp until the completion of the
explosive transport.

This paper examines the research & development challenges of dropping base emulsion down a vertical
pipe to depths in excess of 1000 m (3280 ft.), either to an underground storage or directly into the MCU,
depending on the depth. The boreholes (with pipes) are drilled in close proximity to the underground work
areas. The paper also discusses the rheology of the emulsion within these vertical pipes as well as the
economic benefits of such an innovative system.

The learnings gained from this work, along with examples demonstrating the significant reduction in MCU
travel and the safety benefits, are presented for the industry to consider moving forward.
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Introduction

The early miners and their mules always had the challenge of transporting unstable dynamite underground.
The modern pumpable explosives, whilst far safer, still present a major logistics challenge for the mobile
charging units (MCU) to the working face.

The challenge today is the efficient explosive delivery into declines, ramps, and vertical shafts, often
requiring the MCUs to travel excess distances, up and down to surface storage area to re-load.

Alternatively, the management of emulsion cassettes or ISO containers is utilized to deliver the pumpable
base emulsions to the MCUs at the working face.

Additionally, local laws and regulations regarding shaft or haulage clearance further compound the task
and result in pausing other operations in the shaft or decline until the completion of the explosive transport.

This paper introduces an innovative solution from the AECI Research & Development team to deliver the
base emulsion from surface via a vertical pipe in a borehole, to underground storage or directly to the
MCU in close proximity to the working areas. Figure 1. is an illustration of the proposed EVDS to
maximize the efficiency of emulsion delivery to the MCU at the face compared to long distance surface
to/from underground travel.
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Figure 1. lllustration of an emulsion vertical drop system



Development Methodology
“You want to drop explosives how far?”” was the initial response, however, as the potential challenges of
such groundbreaking research kicked in the ideas started flowing.

The base emulsion would need to be dropped separately from the sensitiser; leading to two challenges:

e dealing with the behavior of a “gel” in a pipe, and,
e aliquid made more energetic as the products are delivered via a process not requiring the pipes
to be left full, rather empty.

Emulsion, as a class five dangerous goods, is a physical mixture of two immiscible liquids formed by
shearing discrete droplets of one liquid phase into a continuous phase of the other liquid. Underground
emulsion explosives used in up-hole and massive mining applications have two major characteristics to
consider the:

e first is that such products are shear sensitive and will deteriorate within each pumping stage.
Pumping of emulsion explosives over long distances will introduce such shear, which can reduce
the usability of the product and may potentially lead to pipe blockages.

e second characteristic is the minimum burning pressure of the product. Unsensitised explosives are
relatively insensitive to sources of heat, however, above a certain pressure threshold, the emulsion
becomes sensitive to the source of energy. Should a blockage occur in a vertical line for whatever
unforeseen reason, hydrostatic pressure will build up in the vertical line that may exceed this
minimum burning pressure.

These two characteristics have previously restrained the depth of emulsion vertical drop systems.

The first step was to develop industry specific rheology models to predict flow characteristics of the
product under various conditions and support the finding with both test and field application. This
experimental work was focused on the following key items:

Methodology for estimating emuslion pumping, flow characteristics and degree of crystalllinty

A rapid and reliable method for the determination of emulsion stabilty

Methods for the estimation of surfactant characteristics and effectiveness

Risk assessment

o Key part of the development of such systems, with the two components, base emulsion

and sensitiser dropped down two separate pipes located in a borehole, which is drilled
close to the working areas. This stored in underground silos ready for delivery into the
mobile charging units.

Reliable methods for manufacturing a cost effective product

All this to enable the development of an innovative technology for an emulsion product that can be
delivered under specific conditions to minimise the effect of shear yet still deliver in the challenging
world of massive underground mining at a depth in excess of 1000 m (3280 ft.).



Groundbreaking research, sponsored at the Institute of Material Science and Technology, Cape
Peninsula University of Technology (CPUT), to develop accurate and unique rheology models and
predict the flow rates in varying pipe diameters and pressures through a Herschel Bulkley model was
conducted; equation 1:

T= 1T, +Ky" Equation 1
Where,

7,, = yield stress (Pa)

K = fluid consistency index (Pa.s")
n = flow behavior index

y = shear rate (s?)

This enabled both the prediction and then experimental verification of the behavior of different base
emulsion formulations with varying diameter pipes and pressures in vertical drop situations using specific
output delivery rates, figure 2. This also enabled the determination of the shear stress exerted on the base
emulsion at different viscosities defining the flow behavior of the final explosive product, figure 3.
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Figure 2. Specific flow rates at different pressures and pipe diameters
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Figure 3. Shear stress exerted on the emulsion at different viscosities and the associated flow
behavior

The development of the emulsion for the vertical drop system has resulted in a game-changer for the
global mining industry based on the controls and product understanding developed out of the research:

e The rheology of the emulsion formulation determines the pipe diameter

e Pipe bursting pressure and wall thickness

e Emulsion minimum burning pressure (MBP) which determines the maximum allowable depth to
which the explosive could be safely dropped.

Having recognized these research findings, the emulsion vertical drop delivery system infrastructure
involves sophisticated layers to safely transfer the product from the surface to underground storage
facilities. This will create an MCU deployment flexibility within short distances to the working area and
improve productivity.

Applications of Emulsion Vertical Drop Systems

Explosives handling and storage through MCU tramming system comprises a substantial share of the
underground mining industry costs. Therefore, AECI Mining Explosives (AECI) was determined to
improve explosives storage and delivery effectiveness, focusing on solutions that improve production
though a reliable system, which keeps mobile charging unit maintenance costs low and the units active in
the face areas rather than non-productive operations.

In the underground operations, complex and large emulsion transportation systems of preloading emulsion
from surface silo storage have been used for horizontal emulsion tramming from the surface decline shafts
to underground mining working areas.



A major solution that was identified, to boost production and minimise tramming distance of mobile
manufacturing units, which are deployed to mining underground workings to charge the development end
faces, was the installation of EVDS.

As the underground mining excavation and blasting activities advance further away from surface, storage
facilities, long tramming span between underground working tunnels and surface emulsion storage
facilities, began to increase as well. This was not commercially viable, due to its impact on the monthly
MCU engine operating hours, high fuel consumption, and maintenance cost, as tramming distance kept
increasing. However, EVDS was identified as the most feasible alternative, and was set up to overcome
this challenge.

AECI analysed the mining operation, space available, product demand, and blasting schedule in order to
provide an optimal surface and underground storage capacity, as well as a tailor-made delivery system,
table 1.

Table 1. MCU statistics before vertical drop

MCU Statistics per annum Before Vertical Drop

Total distance travelled 34,776 km 21,609 miles
Total travelling time 181,440 minutes

Fuel consumed 362,880 litres 95,863 gallons
Greenhouse Gas Emissions 35,054 tCO2e

The operation was considering the use of four-ton emulsion cassettes to be reloaded on the surface and
transported via the decline to each level utilizing a dedicated support haul unit. This method was
considered capital intensive, costly, time-consuming with potential delays caused by the double handling,
travel distances and potential spillages at decanting/loading stations. Whilst the MCU availability would
have increased, reduced travel times resulting in more blasts, the total travel distance for the support unit
was estimated to have been reduced to around 60% of that measured, (+/- 20 000km, 12 500 miles), to
service each MCU on the different operational levels.

The critical consideration for the mine in opting for an EVDS solution was to provide seamless inventory
control of emulsion from delivery to the mining face.

The potential improvement following an introduction of an EVDS was estimated to enable a financial
assessment of the impact of introducing such a system, table 2.



Table 2. MCU statistics before vertical drop and actual measurements after introduction of
vertical drop

MCU Statistics per annum Before Vertical Drop After Vertical Drop
Total distance travelled 34,776 km 21,609 miles 3,024 km 1,879 miles
Total travelling time 181,440 minutes 15,785 minutes

Fuel consumed 362,880 litres 95,863 gallons 36,288 litres 9,586 gallons
Greenhouse Gas Emissions 35,054 tCO2e 3,505.42 tCO2e

The delivery of a base emulsion and sensitizer solution directly to underground storage areas without
impacting on roadway traffic or product performance properties resulted in:

e Improved safety
e Improved logistics

o Relevant underground storage capacity resulted in emulsion being available on demand at

the underground storage area

Improved efficiency

o De-bottlenecking of emulsion, 1S and accessory delivery to the blasting face
Improved traffic flow

o Transportation routes are freed up for other mining activities
Reduction in overall cost

o Reduction in fuel and transport cost to deliver explosives underground -
Reduced emissions

o Less tramming and engine utilisation —

The following statistics have been gathered on mines that utilises emulsion vertical drop systems:

e Reduction in tramming distance
o 91.3%

Reduction in tramming time
o 91.3%

MCU Engine hour reduction
o 86.0%

Reduction in fuel consumption
o 90.0%

Scope 3 Emission reduction
o 90.0%



Conclusions

As the emulsion transportation distances become longer, the energy consumption and the operational costs
increase. One way of reducing the energy consumption and operational costs in an underground mine is
by a near-to-face emulsion vertical drop integration.

Other gains include reduced time and labour resources as well as reduced risk of unauthorized access to
energetic materials. This solution can potentially reduce the carbon footprint of an underground mining
operation.
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