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1 INTRODUCTION: THE STEP BACK IN 
TIME TEST 

Just think about all the remote technology applica-
tions present in your daily life. And just pass each 
of them through the ‘step back test’. What about 
going back to the wired version?  

Let’s imagine that wireless technology had 
never been invented. It would be hard on your 
nerves, but at least there is a healthy side to the 
test: you won’t put on weight anymore having 
your breakfast watching television, as you now 
have to stand up to zap the channels. Nevertheless, 
you have no real choice in the programme: no one 
ever succeeded in putting a wired satellite into or-
bit.  

It is now time to go to your office. You notice 
for the first time that your car key ring also has a 
door car key. You have to forget about that     
comfortable sound coming from the centralised 
locking system. You also have to get out of your 
car to open the garage door and don’t forget to 
plug in your house alarm—that anyway is      
completely useless as it is unable to send out 
emergency information to the security patrol. You 

want to relax turning on the radio? You will be 
disappointed: remember radio has not been         
invented. You lose time opening the gate and    
trying to find your Paper Draft Assistant (PDA); in 
the end you are really late. Just try to inform your 
office. No one remembers Graham Bell’s name, 
nobody really cares about Mary’s lamb, and ‘Blue-
tooth’ is a famous mouthwash brand name. 

Anyway, there is no urge because your morn-
ing meeting is going to be a few days late: the  
person is coming by plane but with no radar and 
no GPS, the flight is probably lost somewhere in 
the sky and it is not sure of being able to land: as 
we guessed the weather is to remain foggy for a 
while. 

Let’s stop the nightmare. We could give     
hundreds of examples but you get the message, 
don’t you? 

Wireless and remote technology is about    
comfort, but also precision, and definitely about 
safety.  More importantly, wireless technology is 
everywhere in our daily life and we trust that tech-
nology for critical functions on which, sometimes, 
our life depends—and I am not talking about the 
TV remote control.  
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Figure 1. No, wireless is not a reality. In grey, wireless   
antennas in USA, 2003. 

Indeed, in this fairy story, let’s differentiate  
between the wireless applications that make our 
life smoother, and those to which we are entrust-
ing our safety or security. Mostly, they have      
become so common that hardly anyone pays       
attention to them.  

The aeronautical remote communication and 
the required precision and safety associated with 
this sector give us a perfect example.  

The progress and security in remote communi-
cations turn the incredible growth of the aeronau-
tical transportation sector into an achievable then 
manageable issue. The Instrument Landing      
System (ILS), designed in the 30s and generalized 
during the 50s and 60s, is a ground-based radio 
system designed to provide an airplane pilot with 
precise guidance for the final approach before 
landing. Its purpose is to help the pilot land the 
airplane. 
 

Figure 2. ILS general functioning. Top accuracy is      
compulsory.  

It is generally used only when visibility is    
limited and the pilot cannot see the airport and 
runway. The system broadcasts very precise        
directional signals. These signals provide a lateral 
and vertical path to the runway up to a distance of 

18 nautical miles from the runway. The pilot flies 
his aircraft along a course delineated by the inter-
section of two radio beams—the localizer beam 
for guidance in the horizontal plane and the glide-
slope beam for guidance in the vertical plane.    
Using microwave beams, the present ILS systems 
overcome most of the interference limitations and 
are widely and successfully used throughout the 
world. 

No one doubts or wonders about the precision 
or reliability of wireless technology involved in 
this very specialised application. Citizens,        
passengers, ground and flying staff just don’t even 
think about it.  

2 WIRELESS TECHNOLOGY IS THE 
NATURAL WAY TO COMMUNICATE 

2.1 Communication is by nature wireless  

The only animal using a wire to communicate 
really is the mouse, today becoming extinction and 
replaced by wireless ones. Tom-toms, smoke     
signals, carrier pigeons: wired communication has 
definitely been a short-lived human creation, a  
palliative for our technical first inability to imitate 
Mother Nature. 

Indeed, the history of wireless technology goes 
far back in time. Already in 1843 Morse         
transferred the first message over a telegraph line 
in the USA. This event can be looked at as the first 
kind of e-mail message in history, and in 1858 the 
first telegraph cable connected Europe and    
America via the Atlantic Ocean. The next major 
milestone was in 1876 when the American         
scientist Alexander Graham Bell invented the tele-
phone. A year later Thomas Edison invented the 
carbon-microphone and he made the first            
recording of a human voice (‘Mary had a little 
lamb’). The first wireless system became a reality 
in 1894 when an Italian guy named Marconi      
invented a wireless telegraph. This is the first 
event that can be directly linked to wireless     
technology, and six years later, in 1900 the first 
human voice was broadcast using radio technology 
in the US. A radio signal was sent across the      
Atlantic Ocean from England to the USA by   
Marconi in 1901. 

Today, Wireless technology is taking off in a 
big way. More than 483 million wireless devices 
were sold to end-users in 2003, and one-third of 
the world's population will own a wireless device 
by 2008, according to the Strategis Group, a     
telecom market research and consulting firm. 
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Figure 3. ‘Modern & Wireless review’, n°6, July 1923. 

2.2 Wireless technology in Blasting: why should 
blasting be an exception?   

To those who said that wireless technology in 
blasting is a brand new up-to-date technique, we 
now know how to answer. Wireless technology is 
not entering into the blasting world: the blasting 
world is just joining the undisputed and world-
wide-recognised wireless standard. And why 
shouldn’t it? 
 

Figure 4. Wireless is wonderful. 

Blasting deserves the best state-of-the-art tech-
nology. It would be nonsense for blasting not to 

enjoy the benefits offered by wireless technology. 
Electronic detonators have now proved their     
additional enhancements for fragmentation and vi-
bration control (Partouche, 2002). The latest gen-
eration of these initiation accessories are naturally 
awaited to bring such technology to the blasting 
community. 

The key word of all the systems to be used in 
our industry is clearly safety. Then of course 
comes reliability, user-friendliness and efficiency, 
but safety first. Maximum safety has to cover the 
blasters operating the system but also the whole 
human environment present on site. Wireless 
technology allows blasters to initiate the blast 
from a perfectly safe distance, which is difficult 
and sometimes impossible to achieve with wired 
applications and/or traditional technologies (i.e. 
detonating cord). Moreover, and for the first time, 
wireless technology gives the blaster the opportu-
nity of keeping a direct (and safe) eye on the field, 
and for him to be 100% sure that no one remains 
on the block when firing.  

What would an electronic initiation system be 
if it failed to integrate the ultimate compatible fea-
tures which make the job safer and easier?  

3 THE STEP-BACK TEST APPLIED TO 
BLASTING 

Stian Burden, Head of Drill and Blast in Sishen 
Iron Mine, Kumba Resources, has tasted this tech-
nology and is no longer interested in other        
systems.  

Stian is not interested in any EDD system 
unless it is wireless.  Currently they are still using 
Pyrotechnics—but if they do decide to go to EDD, 
it will be wireless. 

 
Figure 5. Deltadet blast – wireless – Sishen Iron Mine, 
Kumba Resources, 28th May 2004. 
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What really exceeded our expectations was our 
customers’ reaction to the remote programming 
and wireless blasting capabilities of the Deltadet 
System. Sishen is only one of the mines where the 
people, once accustomed to remote blasting, are 
no longer interested in anything else, for the      
following reasons: 

– It is very safe due to the fact that the whole 
blasting area can be observed from the blasting 
point. 

– It saves time and labour due to the fact that 
now no blasting wire needs to be rolled out. 

– It saves cost.  When more than one block 
needs to be fired, they don’t have to be inter-
connected with detonating cord.  

– It is very convenient and reliable 

4 WIRELESS TECHNOLOGY IN BLASTING: 
FOLLOWING DELTADET TRACKS 

For more than three years now, DELTADET    
system users are enjoying the wireless feature on a 
daily basis, successfully integrated into the       
production cycle. DELTADET technology has 
been first to introduce powerful wireless commu-
nication and to combine it with unchallenged   
centralised programming and firing. An encrypted 
communication between the relay box and the 
blasting machine, with the flexibility of a couple 
of kilometres range, offers a constant possibility of 
checking the communication status and quality, 
thanks to its specific software.  

It has been successfully experimented in the 
biggest Chilean copper mines (Chuquicamata,   
Pelambres, Escondida) in the early 2000s, both 
initiating non-electric and electronic detonators.  
Wireless technology was then extended on a    
production scale in South Africa, and the southern 
part of Africa, for 100% of DELTADET blasts 
now for more than 3 years and more than one 
hundred thousand detonators. 

Our regularly measured and analysed customer 
feedback allows us to point out some specific 
items seen as critical in the choice of wireless 
technology for our blasting machine. 

4.1 Direct vision of the field, safely located 

Remote blasting that is possible thanks to wireless 
technology keeps the blaster safe at a location of 
his choice, without any constraint of wire length or 

bench configuration. The limit is defined by the 
couple of kilometres range allowed by the system.  
 

Figure 6. Deltadet wireless blasting machine on site. 

This situation is directly linked to the difficult, 
time consuming and costly cable rolling. At     
Potgietersrust Platinum Limited (Anglo Platinum) 
and Rossing Uranium (Rio Tinto) mines,       
DELTADET electronic detonators are used for 
fragmentation and pit wall stability.  Both are deep 
open pit mines with narrow and steep benches, 
turning the blasting cable winding to a safe point 
of blasting, into a real key safety and production 
issue.  

The Nchanga Mine (Konkola Copper Mine) in 
Zambia also enjoys remote blasting for pit wall 
stability and fragmentation. The economics here 
combined positively with safety and comfort as it 
saves them anything up to 1500 m of non electric 
shock tube per blast. 

4.2 The supervision of a blasting area is a 
critical issue 

At the same time, wireless technology offers  
blasters a unique feature with which no 
traditional technology can compare: the direct    
vision of the field, which means the possibility of 
directly and permanently checking the field    
clearance. 



- 469 -

Figure 7. Wireless blast (2,7 km distance) - 2002 - South 
Africa. 

Klipspruit Coal Mine (BHP-Billiton) is an 
open pit cast mine.  The mine is located at the    
intersection of a national highway and another 
busy public road. EDD is used for environmental 
impact control – vibration, fly rock and noise      
issues. The traffic needs to be stopped on both 
roads during blasting (Rorke & Tabethe, 2004).  
Blasting is done from the waste dump where these 
roads and the blasting area can be observed. 

4.3 Avoiding the noisy detonating cord        
initiation method 

At Sadiola and Yatela gold mines in Mali (Anglo 
Gold), the standard practice is to use detonating 
cord as the lead-in line.  EDD is used for pit wall 
stability and ore dilution. The detonating cord 
causes air blast and substantial noise, which is a 
problem. Remote blasting not only eliminates the 
noise but also saves the mine the effort, time and 
cost of rolling out the detonating cord, as detailed 
above. 

5 CONCLUSION 

Wireless and remote technology, validated by 
more than 150 years of innumerable daily life   
applications, is now a reality for mass production 
in the biggest worldwide mining group.  

Based on its decade of experience in the     
electronic detonator industry, and a three year    
enthusiastic track record for its wireless applica-

tion, Delta Caps Initiators now feel comfortable 
with considering and recommending wireless    
initiation as the suitable standard for production 
electronic blasting.  

In terms of safety and operability, mines have 
to consider it has a minimum requirement, as 
should be the case today for centralised            
programming.  
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ABSTRACT: The use of Daveytronic® digital detonators for blasting operations began at the end of 
1998, following approval by INERIS (the French Industrial and Environmental Certification Body), and 
has increased regularly each year since. Electronic detonators have been used in all areas of blasting 
(quarrying, mining, road construction, trenching, tunnelling, demolition) with, in each case, a great      
improvement in the blasting techniques. This article will focus on three main projects carried out with 
Daveytronic®: road construction in a mountain site with a high risk of rock falls (Pas de la Reyssolle, 
France); trench blasting for a new tramway line in the city of Nantes (France); and tunnel construction, 5 
to 20 m under the city of Porto (Portugal). The blasting methods used and the way the blasting patterns 
were designed will be presented. The improvements in terms of work duration and overall cost savings 
will also be discussed. 
 

1 INTRODUCTION 

Digital Blasting began in France in 1998, follow-
ing the official approval of the first Daveytronic®

electronic detonator. The first applications were 
for quarries that had major problems with regard 
to the environment, particularly concerns about 
vibrations. The results obtained with electronic 
detonators were impressive, with a 50% decrease 
in vibration levels compared to conventional deto-
nators. 

Following on from this came the first civil en-
gineering applications, where the problems with 
blasting were: 

− respecting the environment, especially seismic 
levels, 

− minimising costs compared to conventional 

The use of Daveytronic® electronic detonators    
allowed all of these objectives to be met, as will be 
described in the following 3 case studies:  

− road construction in a mountain site, 

− trench blasting in the suburbs of Nantes, 

− tunnelling in the city of Porto. 

2 ROAD CONSTRUCTION IN THE ALPS: 
PAS DE LA REYSSOLE 

This operation, for which Gardiol (a French public 
work company) was the main contractor, consisted 
in making safe a road in the Alps with a cliff      
located right against the road and that had major 
instabilities. 

Digital blasting in civil engineering applications - technical, 
environmental and economical improvements in three case studies 
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detonators, 

− ensuring the total safety of operations. 
The environment of the blasting operation was 

sensitive and included: 
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− Rock face reinforced with anchorages. 

− Retaining wall to support the road. 

− The national road going to Col de Vars. 

− Gallery against avalanche and rock falls. 

Figure 1. View of the entire cliff to be blasted. Total 
height: 45 m. 

The initial method planned for this job consisted 
in blasting 1 m to 2 m lengths by means of climb-
ers. The total volume of cliff to be blasted was 
7000 m3 and the time allowed to complete the 
blasting operation was limited to 5 months     
(summer time only). 

Since the delay was too short for the initial 
method, the company turned to breaking up the 
rock mass with a mechanical shovel equipped with 
a hydraulic hammer. 

After two months, the work was stopped       
because the cliff started to have major instabilities 
and risks of rock fall on the road, which was still 
open for the summertime.  

The company then asked Nitro-Bickford to 
propose an alternative solution for blasting the 
cliff. Due to the height of the cliff (from 35 to 45 
m), Nitro-Bickford proposed a two-stage blasting 
process:  

− A first series of blasts, with the objective of 
making a flat platform to allow easy drilling 
for the second blast. The blasting was carried 
out in two phases, over a height from 4 to 12 
m.  

− A second blast (the major one), with the objec-
tive of blasting the remaining cliff. The      
constraints were a perfect aspect of cliff after 
blasting, restricted vibration levels on the    
different structures and no damage to the road. 

Figure 2. View of the cliff after the two first blasts. 

In order to set the maximum unit charge     
complying with the vibration limit on the different 
structures, six trial blasts with increasing charge 
were carried out. Starting with 2 kg, the maximum 
charge blasted reached 12 kg. The vibration      
prediction law calculation was based on the 
Chapot formula: 

8.1−











=

Q
DKV

where K = 1800,  
D = distance (m),  
Q = unit charge (kg). 
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The coefficient K was calculated with the seis-
mic result of the trial blasts and was confirmed 
during the two first blasts. 

This made it possible to precisely define the 
blasting pattern for the main blast with five decks 
per hole. The total number of charges was 300. 
Since the road was to remain open to the public, 
no misfires would have been acceptable in the 
blasted materials. 
 

Figure 3. Sequence of the main blast for the upper 
charge: 
Delay between decks: 50 ms; 
Delay between holes: 24 ms; 
Delay between rows: 42 ms. 

Figure 4. Upper view of the main blast: 90 holes. 

The major blast had the following characteristics: 

− 90 holes, including surrounding holes. 

− 300 detonators. 

− 2 tonnes of explosives. 

− Maximum unit charge 12 kg. 

− 5 decks/hole. 

− 4000 m3 of blasted volume (3000 m3 already 
blasted with the two first blasts). 

− Minimum delay between charge: 2 ms. 

− Total duration of blast: 600 ms 

− PPV on anchorages and rock face at 15 m 
from blast: 50 mm/s (1/2 less than predicted 
value). 

Figure 5. Seismic result on the reinforced rock face.  

The blast was loaded on a Monday morning 
and fired at 5 pm with a perfect result with regard 
to vibration, the wall face and no damage to the 
road. The road was opened five days after the blast 
and no problem of rock fall or instability of the 
rock mass appeared, even at the end of the winter. 
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Figure 6. Cliff after the main blast. The road is still there 
and the river still flowing. 

This operation was successful for the construc-
tion company for the following reasons: 

− Total respect for a difficult environment. 

− The duration of the work tied in with the       
allocated time despite the fact that there was a 
two month’s stoppage due to instability of the 
rock mass. 

− The operation was carried out in total safety 
and those using the road were faced with    
limited disruption: only three blasts were   
necessary instead of the numerous blasts with 
the initial method, and there were no misfires 
in the blasted materials due to the total control 
of the initiation system. 

3 TRENCH BLASTING IN NANTES 

This operation was carried out by Quille (Bouy-
gues Group) for the SNCF (French Railways). It 
consisted in blasting and digging a trench 60 m 
long, 14 m wide and 6 m deep and moving a     
prefabricated bridge into this trench. The whole 
operation had to be completed within 72 hours in 
order to keep the time the railway was cut by 
crossing this new bridge to a strict minimum. 

Details of the operations were: 

− Thursday 14.00-18.00: cutting of the railway 
line (Nantes/La Roche sur Yon). Movement of 
ballast and railway. 

− Thursday 18.00-23.00: digging and moving of 
the 3.0 m upper part of material with 2        
mechanical shovels and 3 dumpers. 

− Thursday/Friday 23.00-8.00: drilling of holes, 
loading the blast, protection of the blast with 
geotextile. 

− Friday 8.30: blasting. 

− Friday 9.00-18.00: digging and removing the 
blasted material. Preparation of track for the 
bridge moving (50 m long). 

− Saturday 8.00-18.00: moving and setting down 
the new bridge. 

Sunday 8.00-12.00: ballast and railway line        
replaced. Opening of the railway line (Nantes/La 
Roche sur Yon). 
 

Figure 7. General view of the trench. 

This operation took place in the suburbs of 
Nantes with houses close to the blast (minimum of 
15 meters). 

SNCF chose an electronic detonator solution in 
order to fit in with the three major constraints: 

− Short duration of work: the unit charges were 
to be kept to a maximum acceptable by the  
environment in order to minimise the number 
of drilled holes. 

Figure 8. View of the drilled trench. 

− Respect of the environment, especially the 
houses located 15 to 100 m from the blast. 
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− Safety of operations: no misfires were accept-
able. 

Four blasts were performed for this operation: 
3 blasts to minimise the volume needing to be dug 
within 72 hours and 1 trench blast.  

The unit charge was determined by means of 
trial blasts carried out prior to the work and     
confirmed by the 3 first blasts. The unit charge 
was 1 kg, 15 to 20 m from the closest house and 2 
kg, 20 m from the houses. 

The method used to predict the vibration level 
was based on Chapot's formula:  
 

where, in this case K = 2500, 
D = distance (m),  
Q = unit charge (kg). 
 

Figure 9. Blast pattern: 
Central initiation / 24 ms between holes; 
+24 ms between central hole and left hole; 
+ 30 ms between central hole and right hole; 
delay between rows : + 84 ms. 

The trench blast had the following characteris-
tics: 

− Number of holes: 212. 

− Minimum delay between charge: 6 ms. 

− Unit charge: 2 kg. 

− Drill length: 2.50 m (upper 3 m dug by       
mechanical shovel at the beginning of the 72 h 
cut). 

− Surface blasted : 60 m × 14 m. 

− Vibrations measurements: PPV: 20 mm/s at 20 
m from the blast with 2 kg of unit charge. 

Figure 10. Vibration measurement 50 m from the blast. 

The Daveytronic® electronic detonator fully 
met the technical constraints:  

− respecting the environment, especially the vi-
bration limit on houses; 

− respecting the short time for the work, with 72 
hours allocated for the entire operation. 
 
The financial gain was not quantified precisely, 

but all of the digging activities were concentrated 
over a few days, which was a source of consider-
able economy. The railway line stoppage only 
lasted three days and would have been much 
longer with traditional detonators, another source 
of considerable economy.  

8.1−














=

Q
DKV



- 476 -

Figure 11. Blast results.  

4 TUNNELLING IN PORTO 

The tunnel involved a project of 650 m overall 
length, including a 400 m underground drilling 
and blasting excavation of a 100 m2 section.     
Figure 12 below shows the tunnel layout in its 
highly urbanised environment. 
 

Figure 12. Aerial view of the tunnel layout in its urban 
environment. 

The top part of the section is half-cylinder-
shaped with an external radius of 5.8 m down-
ward, prolonged by a multiple radius section. The 
average top half section is 55 m2 and the average 
bottom section is 45 m2. The technical specifica-
tion for the project assumed an excavation in two 
stages, the upper half section first followed by the 
bottom excavation. The dashed line in the section 
drawing defines the limit between both top and 
bottom sections.  

Figure 13. Tunnel cross section. 

The excavation was performed in a granite    
intrusion rockmass. The general shape of the    
geological cross section  below (Fig. 14) shows 
the main geotechnical units. Six different units 
were defined from 100% sand and clay, to over 
90% of sound granite. 
 

Figure 14. Tunnel geological cross section. 

In their search for the appropriate excavation 
method for this particular environment, the City of 
Porto project designers ordered a complete study 
in order to define the maximum explosive charge 
per delay and blast size in the drilling and blasting 
option (Carvalho & al, 2003). The resulting tech-
nical specification was based on conventional 
electric or non electric detonators and required 
blasting the upper part section in 4 steps. Blast 
holes had to be drilled to a maximum length of 1.5 
m and a diameter of 38 to 42 mm. This method,  
illustrated by the cross-section below, would result 
in over 1000 blasts for the excavation of the upper 
section.  This implied a low excavating rate of 1.5 
m per day maximum under the best rock mass and 
worksite conditions (Fig. 15). 

At this stage, a digital blasting solution was not 
taken into account because it was considered as a 
very new technology with a lack of feedback      
regarding its use in this type of civil engineering 

RAMP   Western Portal             TUNNEL                                      Eastern Portal  RAMP 
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worksite. Overcoming this, one of the contractors 
decided to propose a solution based on digital 
blasting supported by the proper technical assis-
tance of the supplier. Digital blasting capabilities 
may be summarised by the following four points: 
 

Figure 15. Conventional detonator blast process. 

− The proper separation of each single blast hole 
detonation minimised the charge per delay in 
the most sensitive areas and, secondly,         
optimised productivity in the sound rock. 

− The flexibility of the digital system meant that 
a blast pattern could be designed for every site 
condition (frequency control, rock mass        
reaction, etc.). 

− There was the possibility of providing day to 
day pattern design improvements without   
creating any worksite delivery and storage 
problems. 

− The entire upper section could be blasted in a 
single blast, in order to increase productivity 
(Fig. 16). 

Figure 16. Electronic detonator blast process. 

The aim of the design proposed by Nitro-
Bickford after a technical study led to a solution 
fulfilling the contractor’s needs to perform two 
blasts per day. According to a minimum 1.5 m 
drill length in good rock mass conditions allowing 

an excavation rate of 3.0 m per day on each front, 
a 75% decrease in the number of blasts and a 
100% increase in the excavating rate were          
expected. This solution allowed the tunnel to be 
built within the one year time limit planned by the 
City of Porto for completing this project. The   
contractor Spie Batignolles Europe/FCC         
Construccion was finally chosen by the City of 
Porto to conduct this project, using digital blasting 
technology with dedicated blast design engineer-
ing at each stage of the project. 

4.1 From trial blast to full section rounds 

In order to refine the blasting pattern design with 
respect to the site conditions, a series of tests 
blasts were organised early December 2003. This 
operation allowed us to establish the site wave 
propagation law in the very short range from 0 to 
30 m using single charge configuration and       
followed by a burn-cut blast. All of these blasts 
were extensively instrumented using 6 single point 
3D seismic recorders. Figure 17 below shows the 
location of these seismic recorders.  
 

Figure 17. Seismic recorder location. 

The equipment (Miniseis, from Larcor/White) 
was adjusted to a 2048 Hz sampling rate, 4       
seconds recording duration and equipped with 8 
Hz geophones electronically corrected to 1 Hz. Six 
blasts were monitored and their seismic recording 
results allowed us to statistically define the seismic 
law for this zone, based on the international    
standards for vibration prediction, Langerfors 
(Sweden) and Chapot (France) theories: 
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where D is the distance in metres and Q the 
blasted charge in Kg 

This formula enabled the maximum charge per 
delay allowed with respect to the distance to be 
calculated, and the burn-cut blast was carried out 
using these results. 
 

Figure 18. Result of trial cut blast. 

The seismograph trace below (Fig. 9) shows 
the recording at the Legal Medicine Institute, on 
the external part of the building foundations,    
corresponding to the burn-cut trial blast (Fig. 19), 
with a maximum PPV value of 11.8 mm/s at 15 m 
distance in a vertical direction. 
 

Figure 19. Seismic record of trial cut blast. 

Due to the accuracy of the digital detonators 
used, the time of each peak was easily correlated 
to the related hole and design evolutions were 
made step by step up to the final blasting pattern. 
The main improvements involved changes in the 
sequence in the upper part of the section to avoid 
energy cumulating close to building foundations 
and adjustments to the explosive loading in the 
same area.  We also increased the explosive charge 
in the floor row and the burn-cut to improve the 
blast result, since no peak was recognised from 
these holes. Once these changes had been made, 
the blasting pattern gave satisfactory and constant 
vibration results, which correlated well with the 
prediction formula determined during the trial 
blasts. No damage occurred to the under-crossed 
buildings, especially the LMI building, whose 
foundations were located 4.5 m above the tunnel 
roof. 

Figure 20. Blast result for the entire 1/2 upper section. 

The final blasting pattern was defined after about 
10 blasts with the following characteristics: 

− 160 boreholes. 

− Drilling length 1.0 m.  

− - Unit charge: Burn-cut and lower rows—375 
g; Upper part—250 g; Contour hole—125 g 
and detonating cord. 

− Total charge: 62 kg. 

− Overburden in the west front : 4 to 5 m. 

− Vibration measured: PPV at 6 m: 30 mm/s; 
PPV at 15 m: 10 mm/s. 
 
On February 13th, 3 weeks after the first blast, 

2 blasts were performed the same day. The digital 
blasting solution reached its goal in doubling   
productivity. 
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Figure 21. Location of the seismic recorder on the LMI 
building. 

Figure 22. Seismic record of a blast. 

4 2 Excavation progression 

Drilling and blasting were dependent on the local 
geology, which influenced the excavation        
technique and rate. At the western portal, after 30 
m of sound granite, the geology turned into weath-
ered granite with an increasing content of sand and 
clay, both with increased water infiltration. This 
terminated the drilling and blasting excavation in 
this front from the end of March to July, for      
mechanical earthmoving. Necessary pre-
reinforcements were executed in order to prevent 
any potential collapse of the gallery roof. These 
very difficult conditions explained the minor gain 
achieved on this side of the tunnel. On the other 
hand, the eastern front first encountered 80 m of a 

mix of highly weathered granite sand and clay in 
the upper part of the section, both with hard rock 
at the bottom. Then a quick and definitive transi-
tion into the sound rock allowed an increasing   
excavation rate, which made it possible to make up 
for the difficulties faced by the western              
excavation. 

On the eastern front, from January 14th to 
March 30th, the average advance per round was 
1.0 m. Then, from April 1st to June 30th , corre-
sponding with the kilometric point 110-120 to 
360, the tunnel entered into the main sound granite 
rock-mass with an increased overburden over 10 
m. The advance per round increased to a value of 
2.50 m per blast. In this particular zone of the    
excavation, compared to the initial project, the 
production (1.5 m) rate grew + 190%, while   
maintaining all environmental standards. 

The conjunction of sound granite and increased 
overburden allowed the growth of the blast        
parameters up to the following maxima:  

− Drilling length: 2.5 m. 

− Unit charge: 1.5 kg. 

− Total charge per round: 190 kg. 

− PPV: 15 to 20 mm/s on the building located at 
20 m up to the blast. 

− Peak excavating rate: 2 blasts per day, 5.0 m 
advance per day, 27.5 m per week. 

On June 30th, the upper section excavation was 
stopped on the eastern front and the junction was 
conducted from the western front on July 22nd. 
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Figure 23. Comparison between the advance rate with a 
conventional detonator and the advance rate with an 
electronic detonator. 
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The excavation of the tunnel was completed by 
the end of September 2004. The bottom section 
was blasted using a 4.0 m advance per round      
instead of the 2.0 m planned in the initial project.  

With respect to the hypothesis mentioned 
above for the advance rate, we assume that 60 days 
were saved without taking into account the poten-
tial benefit on the bottom section excavation. This 
means an overall reduction of 30% in the upper 
section excavation leading to the related cost    
savings for the contractors.  

5 CONCLUSIONS 

The use of electronic detonators in these three   
examples allowed great technical security and  
economical savings compare to traditional detona-
tors thanks to: 

− the range and precision of the initiation        
devices; 

− the flexibility in programming the detonators; 

− the safety of the initiation system. 
 
These improvements were mainly achieved 

through an increase in the blasting size, which   
enabled more economical drilling and digging 
methods to be used and a reduction in the time   
required for the blasting operations. 

Such improvements can be achieved on all 
types of blasting operation and not just the most 
sensitive ones: significant productivity gains are 
now possible thanks to electronic detonators.  
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1 INTRODUCTION 

Blasting is the first stage of comminution and 
transport of rock in mining and quarrying. The 
productivity of downstream processing stages is 
thus linked to the blast outcome. The size distribu-
tion and disposition of the blasted rock can         
influence the excavator or loader productivity, the 
mass conveyed by trucks and the productivity of 
crushing, grinding and classification circuits. 
These unit operations, together with the quality of 
the rock or ore processed, will determine the over-
all production rates and, to a large extent, the     
ultimate profitability of the mining operation.    
Efforts to optimize the overall production chain 
increasingly recognise the importance of blasting 
as the primary unit operation (for example, 
Nielson 1999, Eloranta 2001, Valery et al. 2001, 
Noy & Brent 2003a). 

Unfortunately, field trials of technical changes 
to blast design that are aimed at improving blast 
outcomes are often inconclusive or even mislead-
ing. Generally, the goal is to establish a particular 
(more productive) effect due to a deliberately     
introduced change in the design, whether it be a 

new explosive product, initiation system, blasthole 
size or pattern, loading or stemming configuration 
or similar. When such an introduced change in 
blast design results in an immediate (measured or 
perceived) negative outcome, the mining operation 
invariably stops the trial process and dismisses the 
proposed technique in order to avoid further losses 
in productivity. Sometimes, a result that indicates 
a particular (productively positive) effect may be 
contradicted shortly afterwards by another blast 
result that indicates the opposite (negative) effect. 
Such situations will be demonstrated in this paper 
and an alternative approach to counter them will 
be presented.  

2 CAUSES OF VARIABILITY IN BLASTING 
TRIAL RESULTS 

Conducting trials on operating mines or quarries is 
inherently fraught with difficulty owing to the 
highly variable nature of the trial environment. 
These changes occur both spatially, from location 
to location within the site, and also temporally, as 
conditions within the site change with time.     
Furthermore, some variations may occur within 

Matched pairs blasting technique to quantify the benefits of          
electronic blasting 

G.F. Brent & M.J. Noy  
Orica Australia Mining Services, Kurri Kurri, NSW, Australia 

 

ABSTRACT: Blasting trials in mines and quarries often produce inconclusive or misleading results,      
especially when introducing a blast design change and comparing the trial results to benchmarks from 
previous blasts. This is largely due to changes in the operating environment between different blast 
events. This paper presents the ‘matched pairs’ blasting trial technique. The technique is based on a   
classical experimental design approach and essentially involves performing single blast events that have 
been divided into two separate sections, with one section using the benchmark blast design and the other 
section using the new blast design. Measurement processes are also closely matched for both sections 
during rock excavation. Results of controlled matched pairs trials utilizing electronic initiation alongside 
conventional non-electric initiation are presented. The results show clear improvements in blast outcomes 
with the electronic initiation systems and also clearly demonstrate that blast-to-blast variability would 
have led to inconclusive, or incorrect, trial outcomes had a matched pairs approach not been adopted. 
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the blast block itself and others within the mining 
unit operations that are themselves being used as 
performance measures. 

Factors that have been encountered by the    
authors over many years of conducting trials 
within mining environments are listed below. All 
these factors introduce variability to trial situa-
tions. They may all occur to some extent from one 
blast event to the next, and will almost certainly 
occur over time scales such as several months or a 
year, typical of a trial programme. 

− Variable geology or rock strength or jointing 
regimes, both within and between blasts. 

− Variable strip ratios, e.g. of overburden-to-
coal ratio. 

− Variability in bench geometry (this may affect 
powder factors, stemming heights, front row 
burdens or suchlike). 

− Drilling patterns and/or hole depths not being 
to specification, the latter often due to inadver-
tent fallback of material. 

− Varying amounts of buffering material in front 
of blasts. 

− Explosive-related variables such as changes in 
density or type (e.g. possibly due to quality 
control issues, stock shortages or bench condi-
tions affecting what is loaded). 

− Explosive sleep time variability throughout a 
blast, particularly with large blasts or loading 
delays. 

− The presence or absence of water in the blast-
holes and rock mass and its variation across 
and between blasts. 

− Non-conformances to the design, such as      
errors in loading or initiation implementation. 

− Misfires or initiator or explosive malfunctions, 
including dynamic desensitization that may go 
undetected. 

− Variable weather between trials, particularly 
affecting the excavation and plant processes. 

− Changing operators or variability in the      
performance of an operator during the trial  
period. 

− Variable floor conditions, or void space in 
front of the blast, impacting on the movement 
of the blasted rock or the loader/shovel/truck 
productivity. 

− Variability in the loader or shovel access to the 
rock and/or oversize stockpile, perhaps due to 
bench geometry or obstacles. Similarly, truck 
access to the loader may also vary. 

− Upgrades or replacements to excavation 
equipment during a trial or between trials (e.g. 
change in excavator type or bucket size, or 
other changes in equipment capacities). 

− Scheduled or unscheduled modifications to the 
plant during the measurement period, for     
example crusher jaw settings. 

− Inadvertent, sometimes unknown, changes to 
equipment such as wear on crusher jaw plates. 

− Plant and mine equipment breakdowns or 
scheduled maintenance during the measure-
ment period leading to lost productivity. 

− Other interruptions to production during the 
measurement period, such as strikes or     
meetings, which may not be accounted for in 
assessing overall production. 

− Faults or drift in measurement equipment. 

Over and above these factors of (often unknown) 
variability is the issue of the accuracy of any 
measurement systems put in place, such as weigh-
tometers. 

All these circumstances provide a formidable 
challenge to the task of conclusively establishing a 
cause-and-effect relationship, let alone quantifying 
its magnitude with any degree of certainty. This is 
especially true if the actual change in outcome is 
of comparable magnitude to that of the normally 
occurring variability. 

3 EXPERIMENTAL APPROACHES 

3.1 Determining what to measure 

Whatever the imposed change on blast design, 
there will always be some measurement required 
to assess the impact of the change. This measure-
ment may be obvious and may be a measure that is 
conventionally accepted by the mining industry. 
An example here could be the assessment of the 
extent of blast throw, or cast, as measured by a 
survey. However, even in this seemingly straight-
forward case there can be variations in methods 
used and results obtained for the same rock pile. 
Some sites may, for example, only survey the    
material left to be excavated and calculate the 
amount thrown by difference from the total       
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material blasted. This involves the assumption of a 
constant rock pile swell factor and can lead to 
quite different results from a method that surveys 
the actual amount of material thrown. Further-
more, the amount thrown is affected by variables 
such as the void space and pre-blast geometry and 
account has to be taken of these factors. Therefore, 
even in seemingly straightforward cases, a clear 
definition has to be reached as to the exact     
methods of measurement, especially when a     
performance hurdle may form the basis of a       
decision to adopt the change on a routine basis or 
enter into a commercial agreement. 

Measures of other important blast outcomes, 
such as fragmentation, are potentially even more 
contentious, since they usually rely on indirect 
techniques such as two-dimensional image analy-
sis. These techniques are areas of research in 
themselves and take many different forms, each 
with its own methodology, results and interpreta-
tion (see, for example, Noy 1997, Latham et al. 
2003). 

Quantifying actual quarry or mine productivity 
measurement is even more complex. In essence the 
measurement of a directly observable outcome, 
such as blast throw or fragmentation, is in many 
cases a measurement of a performance characteris-
tic. Measurement of the productivity is a measure 
of the true mining performance. Unless considera-
tion is given to all the relevant mine processes    
relating to the productivity, measurement of trial 
outcomes can only reflect performance characteris-
tics rather than performance per se (i.e. actual 
mine productivity). The correlation between   
characteristics and performance may or may not be 
well understood or necessarily consistent across 
the wide range of mining operations. Therefore, 
trial plans need to consider performance            
objectives, which in turn will dictate what trial 
measurements are required. 

This translates to the identification of a         
hypothesis to be tested in the trial programme. 
This requires a clearly stated parameter compari-
son. For example, one may wish to test the         
hypothesis that increasing powder factor will      
increase primary crusher throughput. The main 
measurement may therefore be the mass flow rate 
through the crusher, provided a consistent crusher 
product quality is maintained. A measurement   
criterion is established to test the null hypothesis: 
that, for example, the mean mass flow rate through 
the crusher is the same for both applied designs 
(low or high powder factor) against the alternative 
hypothesis that the mean mass flow rate increases 

with increasing powder factor. Hence, by identify-
ing a hypothesis to be tested a clearly stated meas-
urement objective has been obtained. This may 
also require refinement to establish understanding 
as to why crusher throughput may or may not have 
increased. In this example, the fragmentation of 
the rock, as a performance characteristic, within 
each blast design (high versus low powder factor) 
would be worth measuring. 

It is also important to ensure that the applied 
design changes are well controlled. The only way 
to ensure this is to make the relevant measure-
ments of the applied conditions and measurements 
of any other factors that threaten to confound the 
outcome. For example, if the applied design 
change was a new explosive product, then it would 
be advisable to measure the consistency of the 
quality of the experimental product and that of the 
product it is being compared to as it is loaded. 
Measurements of possible confounding factors is 
also advisable, for example, the geological       
variability, water content across the relevant blasts 
or blast sections, any explosive slumping before 
firing, bench and floor geometry, initiation         
parameters, etc. All of these measurements help 
establish confidence in the imposed design change 
by ensuring their independent variables are being 
controlled and that confounding variables do not 
pose a threat to the trial. 

3.2 Experimental design 

Sound experimental design and analysis enable an 
experimenter to deal with: 

− experimental error and measurement uncer-
tainty; 

− confounding factors; 

− possible interaction effects that occur between 
factors. 

The general rule is to ‘block what you can and 
randomise what you cannot’ (Box et al. 1978). In 
industry the conventional experimental approach 
is usually that of randomized or blocked factorial 
designs. This involves drawing up an experimental 
design, and randomly assigning the change or the 
control design to a predefined number of trials, 
which includes sufficient replication to enable a 
reasonable evaluation of the magnitude of the 
variability in the data. Detailed guidelines for such 
designs are not given here and may be found in 
statistical texts such as Box et al. (1978).        
However, this conventional approach requires a 
relatively large number of separate trials and is 
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usually impractical in operating mine environ-
ments. Furthermore, there is a greater risk of    
confounding the applied design change with other 
variables, as many operational parameters tend to 
change more over time at a mine than on fixed   
industrial plants. 

3.3 Sequential trials 

Invariably, blasting trials are conducted on a      
sequential basis; that is, the changed design is    
introduced into a blast and the results compared to 
the previous blast or blasts. While the unfortunate 
reality is that, often, only one trial with the    
modified design is done, this type of approach 
should endeavour to do repeat trials (of design 
‘B’) and returns to the control, or baseline, design 
(‘A’) in the manner ABAB, etc. The return to 
baseline will determine whether measured changes 
in blast outcome disappear or at least reduce when 
reverting to the original design. Multiple replicates 
of either the A or B design may be implemented in 
such sequences. 

However, in an operating mine environment, 
site changes begin to exert an influence over the 
timescale required for such a series of trials,    
typically months. Mine conditions, equipment, 
personnel and other factors are all likely to change 
over such a period. Wherever possible, it is       
recommended that the matched pairs approach be 
used instead for blasting trials. 

3.4 Matched pairs trials 

An excellent example of a matched pairs design is 
given by Box et al. (1978). They illustrate the    
improved precision of a randomized paired     
comparison design (e.g. randomized matched pairs 
design) when assessing the wear of two types of 
sole material for boys’ shoes. Material A was the 
standard sole material while material B was a 
cheaper material. A conventional experimental  
design would have involved testing pairs of shoes 
each with either material A or material B on a 
number of different boys. The matched pairs      
design blocked against different amounts of wear 
between boys by applying material A to one shoe 
of a shoe pair and material B to the other shoe. 
The tossing of a coin decided which material (A or 
B) was applied to left or right sole. This gave the 
randomization that is critical for validating the   
ensuing statistical tests as well as for counteracting 
any possible confounding factor due to different 
wear between feet (e.g. the majority of boys may 
have been right-footed). 

3.5 Matched pairs blasting 

Blasting with the matched pairs approach is       
advocated by the authors as the most effective 
technique for blast trials (Noy & Brent 
2003)[AQ1}. The mechanics of matched pairs 
blasting is to conduct a series of ‘side-by-side’ 
blasts that include separate sections within each 
blast, one section being the control and the other 
section having the applied design change. This   
involves splitting the blast into two sections and 
allocating the designs to each section randomly. 
For example, to assess the impact of a new product 
on throw or fragmentation, the two products 
would be within the one blast, with the standard 
product in one section and the new product in the 
section alongside. The allocation of product to the 
section on the left or the right would be deter-
mined by the flip of a coin or other random     
process. The blast would be fired and the perform-
ance differences would then be measured between 
the two sections. It is expected that the two       
sections within the same blast would be matched 
as closely as possible for geology, bench configu-
ration, presence or absence of water, etc. There 
would be a need for the measurement process to 
exclude the influence of end walls and a central 
zone of dual influence. If blast timing changes are 
part of the applied design change, a sufficient 
merging section for the initiation timing to       
proceed smoothly between sections would be     
required.  

It is also imperative that no operational 
changes occur during the measurement phase over 
the two experimental sections. For example, rock 
piles are often likely to be excavated by several 
different operators. To ensure that this variable 
does not influence the results for, say, the meas-
urement of dig rates, the same group of operators 
should be tasked with excavating both sections of 
the blast. This is generally achievable in practice, 
since most  rock piles are excavated over several 
days or weeks. 

Where unavoidable changes do occur within 
the excavation of the single blast, these changes 
need to be noted and, if necessary, data from the 
region of the rockpile excavated under the 
changed condition may need to be excluded from 
the final analysis. 

Effectively, this means that the two sections are 
matched as closely as possible in terms of all      
inputs, apart from the treatment variable, and in 
terms of post-blast processing and measurement. 
Hence, the closer the sections are to each other, 
both in space and time, the lower probability of 
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unacceptable changes occurring while measure-
ment is being made. Figure 1 illustrates the 
matched pairs blasting technique schematically. 

 
Figure 1. Schematic of matched pairs blast trial        
technique. 

An appropriate statistical test for matched pairs 
trials is as follows (Box et al. 1978): 
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and d = the difference score for the paired data, 
d = the average difference score and δ = the      
hypothesized difference (usually zero for the null 
hypothesis being tested). The t- statistic obtained 
from the above test is compared with a standard t-
distribution with n-1 degrees of freedom, where n
is the number of paired scores. This test is quite 
robust, provided the allocation of treatments is 
randomized. Calculation of the test parameters is 
trivial and is available as a simple function in 
commercial spreadsheet software. 

4 MATCHED PAIRS BLASTING TRIALS 
USING ELECTRONIC INTIATION 
SYSTEMS 

Side-by-side trials using the matched pairs         
approach have been routinely implemented in    
experimental blasting work within Orica by the  
authors over a number of years (e.g. Brent et al. 
2000). In particular, trials with electronic initiation 

systems in one section alongside conventional 
nonelectric initiation in the other (control) section 
have been performed in several series of blasts. In 
some cases, the initiation timing delays were set to 
be the same as those of the non-electric case while 
in other cases, modified delays were used in the 
electronic system section. In the former cases, the 
aim was to investigate the effect of delay accuracy 
and scatter in timing on blast outcomes, while in 
the latter cases the aims were to investigate the 
dual effect of using the more accurate system      
together with new timing. Figure 2 presents results 
of one series of such trials in a basalt quarry in 
Victoria, Australia. 
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Figure 2. Crusher throughput measurements for a series 
of matched pairs blasts in a quarry. 

The measured parameter shown in Figure 2 is the 
average hourly crusher throughput, based only on 
times when rock was present within the crusher. 
This was termed the active crusher throughput and 
had the advantage of eliminating inactive periods 
that may have been due to quarry factors not    
relevant to the crushing of the rock (e.g. periods 
when trucks were not present). In line with the 
matched pairs approach all blast-input parameters 
as well as the measuring conditions were kept  
constant for each side of each blast. However, 
conditions changed from blast to blast; for         
example in some cases blasts were carried out in 
different parts of the quarry. Some blasts required 
water-resistant explosive while others utilized  
dry-hole explosive. Blast designs in this series of 
trials were typically based on powder factors of 
0.35–0.55 kg/m3 with nominal delay timing of 25 
ms inter-hole and 67 ms inter-row. Checks on  
consistent blast inputs and explosive performance 
were performed on both sections of each blast by 
measuring hole depths, pattern sizes, stemming 
depths, explosive quantities, powder factors and 
velocity of detonation in each side of each blast. 
Unavoidable changes were made to the crusher 
jaw settings and other plant during the course of 

Measure Measure

Standard design New (trial) design

Matched blast inputs : rock & design, except trial parameter

Matched measurement processes : methods, conditions

Outputs



- 486 -

these trials, but not within the measurement of  
performance of any single blast. Where a potential 
significant process change did occur within a 
blast, the data from the affected blast or blast    
section was omitted from the final analysis. 

The results in Figure 2 show a larger inter-blast 
variation in active crusher throughput than the 
variation between sections within each blast. Thus, 
the inherent blast-to-blast variability exceeded the 
measured change in performance owing to the    
introduction of electronic initiation. This may 
clearly be demonstrated by grouping together the 
individually measured data points along the right- 
hand axis as shown in Figure 2. No discernible 
difference can be seen between the electronic and 
non-electric initiation data in this view. A standard 
t-test on the two sets of (electronic and             
non-electric) data grouped in Figure 2 confirms 
this. This finding demonstrates that, had the data 
points been obtained from sixteen such separate 
blast trials, the finding would have indicated a null 
effect. 

However, the difference scores between each 
measured value within blasts, as shown in Figure 
3, reveal a clear trend. This figure shows that the 
differences are mainly positive. A t-test on the    
difference scores yields a t-statistic of 2.56 with 
seven degrees of freedom, indicating that the 
change in crusher performance due to electronics 
could be accepted at the 95 % confidence level, 
with only a 3 % probability that they originate 
from the same population. 
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Figure 3. Difference scores from matched pairs data of 
Figure 2. 

Another set of measurements from the same series 
of trials is shown in Figure 4. Here the measured 
blast outcome is the forward displacement of the 
rock pile. This was measured by determination of 
the centre of mass position on cross sections of the 
surveyed pile. A t-test on the difference scores 
yields a t-statistic of 4.17 with eight degrees of 
freedom indicating that the change in rockpile 

forward displacement due to electronics could be 
accepted at the 99 % confidence level. While the 
measured rockpile displacement here is readily 
apparent as being higher for all the electronic 
cases, a large blast-to-blast variability is again 
clearly evident. 
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Figure 4. Rockpile forward displacement for a series of 
matched pairs trials in a quarry. 

Even in this more clear-cut case, a series of        
sequential trials utilizing either non-electrics or 
electronics could well have led to inconclusive or 
erroneous results. For example, had Blast 1      
comprised an electronic blast, Blast 2 a non-
electric blast, Blast 3 an electronic blast and so 
forth, the results would have shown an initial     
increase in rock pile displacement for non-electrics 
over both electronic blasts. This may have led to 
early curtailment of the trial. 
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Figure 5. Rockpile forward displacement results using 
modified electronic timing in a series of matched pairs 
blasts in a quarry. 

The introduction of modified delay times in 
matched pairs trials is shown in Figure 5. Here a 
more dramatic increase in rock pile displacement 
is seen relative to the standard initiation system. In 
this case a sufficient number of repeat trials at the 
same modified delay were not done to enable    
calculation of t-statistics. However, the measured 
effect for the latter trials was sufficiently large and 
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strikingly visible to present a convincing case to 
progress with this blasting effect in open-cut coal 
mining. In open cut-coal, any additional rock 
thrown into a final spoil position without increas-
ing rehandle translates into a direct reduction in 
material that has to be mechanically excavated. 

Several series of side-by-side throw blasts     
using the i-konTM initiation system alongside   
conventional non-electric delays have been      
conducted in throw blasts in coal mines in Austra-
lia. Typical throw blast designs were used, with 
large hole diameters of 254–270 mm and powder 
factors of 0.4–0.7 kg/m3. Once again, all design 
parameters apart from the initiation system and 
timing were kept constant in both sides of each 
blast. Figures 6–8 show some of these results. 
Note that in Figure 8 the blast throw has been 
normalized to account for variations in blast     
volume and available void space across each blast. 
This normalization procedure is beyond the scope 
of the current paper and is not presented here. 
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Figure 6. Throw to final spoil for a series of matched 
pairs blasts in the Hunter Valley, NSW (data from Brent, 
2002). 
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Figure 7. Throw to final spoil for another series of 
matched pairs blasts elsewhere in the Hunter Valley. 

The clear increase in the percentage of rock 
thrown to final spoil with the i-konTM system is 
evident in all cases. However, it is instructive to 
note that, in all of the examples, the use of sequen-

tial trials could well have led to misleading or 
even quite incorrect conclusions due to blast-to-
blast variability. This is the case even for what 
might seem to be a relatively straightforward blast 
outcome such as percentage thrown to final spoil. 
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Figure 8. Throw to final spoil for a series of matched 
pairs blasts at a site in the Bowen Basin, Qld.  

For example, in Figure 6, had the trial process 
commenced with the second blast comprising    
entirely of non-electrics followed by the third blast 
comprised of the i-konTM system, the apparent    
increase in throw due to the electronic system 
would have been overestimated by at least a factor 
of two. Other examples generating misleading 
conclusions may be found in the data of Figures 7 
and 8. For example, in the trial series of Figure 7, 
had a sequential trial approach been adopted 
where the first blast, comprised entirely of non-
electrics, was followed by the second and third 
blasts comprising the i-konTM system, the results 
would have indicated a false large deterioration in 
throw with the electronic system. Due to the     
perceived loss in mine productivity from lower 
throw results, the trial series may well have been 
terminated with the rejection of electronics at that 
site. Similar erroneous indicative results can be 
demonstrated with the data from the blast series in 
Figure 8, where the inter-blast variability exceeds 
the change measured due to the introduction of the 
i-konTM system.  

5 CONCLUSIONS 

Clear improvements in blast performance in terms 
of crusher throughput and rockpile throw have 
been demonstrated in side-by-side matched pairs 
trials using electronic initiation alongside conven-
tional nonelectric delays. The matched pairs     
technique has repeatedly been demonstrated to be 
a powerful tool for blocking against blast-to-blast 
variability. It is recommended as a very efficient 
method for reaching meaningful, and, where      



sufficient trials are done, statistically validated, 
conclusions in the highly variable situation of 
mine and quarry production environments. On the 
other hand, sequential blasting trials have been 
shown to be prone to inconclusive or erroneous 
trial outcomes. 
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