VARIS CENTRAL BLAST SYSTEM
IMPLEMENTATION LESSONS

1.0
INTRODUCTION and HISTORY
In October of 2005, the copper zone of Fraser Mine started using a central blasting system which detonates the blasts from surface using our existing leaky feeder system.  From what I understand, there had been quite a few attempts at bringing in a central blasting system in the past but none was installed due to various reasons including the lack of available technology, compatibility with our existing blasting systems, installation and maintenance costs and so forth.  
 
The obvious and most important reason to institute the use of a central blasting system which we can fire from surface is the elimination of the inherent safety risks of firing blasts from underground while men are still underground.  There are many things which can go wrong by blasting while men are underground including but not limited to:
 
1.
Failure to properly clear the affected areas;
2.
Intersecting a diamond drill hole and injuring someone outside of the immediate blasting area;
3.
Ground conditions immediately after the blast possibly severely deteriorating;
4.
A breakdown in the ventilation system causing a worker or workers to be exposed to blasting gases.
 
Either one of the above conditions could quite easily result in one or multiple fatalities and justifies the installation of some kind of central blasting system.
 
In December of 2004, we had an injury in the copper zone caused by the blast intersecting a diamond drill hole.  Luckily, the worker was not seriously injured but had he been even 1’ closer to the diamond drill hole, the result could have been much worse.  This incident strengthened the already existing need for some sort of central blasting system.  Any system we would choose would have to eliminate the 4 above concerns.
 
Many systems were observed and the Rothenbuhler Engineering system distributed by Varis was chosen and in full operation less than one year after the incident.
 
There principle reasons for choosing this system were:
 
1.
Proven safety record;
2.
Reliability;
3.
Compatibility with our existing leaky feeder system eliminating the installation of any new 
hardware requiring maintenance or repairs;

4.
Elimination of our use of blasting cables which we routinely received Ministry issued orders for being out of compliance;
5.
Ease of use by both miners as well as supervisors to detonate the blasts;
6.
Reasonable cost.
 
2.0
IMPORTANT SYSTEM INFORMATION

There are 3 main parts to the Varis Central Blasting system and they are:

1. Central Blasting Controllers (CBCs or ‘the yellow boxes’)
· The CBCs are the unit which are used to select which RBUs to blast, to arm them and to fire the blasts.

· Each CBC can control up to 8 RBUs.

· Electricians are not and will not be trained to repair the CBCs.  If damaged, they will sent back directly to the manufacturer Rothenbuehler Engineering in Washington State, USA.

· CBCs have two modes:

i. Communication Check Mode (C.C. mode).  This is the mode the CBC must be left on during the shift with the CBC key removed.  It’s a ‘polling’ mode which sends out a handshake signal every 15 seconds to the RBUs.  This allows the miners to know if the leaky feeder signal is adequate where they want to blast.
ii. Blasting Mode.  The CBC is only in blasting mode after the tag-board has been cleared and the shifter is ready to select, arm and fire the RBUs at the end of shift.
· There is two-way communication between the CBCs and the RBUs.
· Communication between the CBCs and the RBUs is encrypted data (all ‘zeros’ and ‘ones’).  When pushing an ‘action button’ (button to arm or fire an RBU), the data must be sent back and forth between the CBC and the RBU 3 times, 100% correctly (roughly 14 billion bits of information) for the command to be accepted.
· We can blast as many RBUs at a time as we want with the CBC (from 1 to 8 RBUs).
· The CBCs are manufactured with a battery but we have them modified by removing the battery and installing a 110V plug so we can leave the CBCs ‘on’ and in C.C. mode 24 hours a day.  This allows the miners to take an RBU from the refuge station at the start of shift to where they will be blasting from to test the leaky feeder signal and if there’s a problem, it allows for time to get the electrician to repair it.
· All ‘action buttons’ on the CBCs (buttons used to arm or fire RBUs) have a 1-second delay to prevent accidental commands (you have to hold down the button for a full second for the command to be accepted).
· There is only ONE (1) CBC key for each CBC.  It is NOT PHYSICALLY POSSIBLE to make a duplicate.  If that key is lost or damaged, Varis will come in and reprogram a new one for us but we will also have to bring up every RBU which is controlled by that particular CBC and reprogram those keys as well.  This is a 24 hours service, 7 days a week.
2. Remote Blasting Units (RBUs or ‘the orange boxes’);
· Each RBU is clearly labelled with its own unique number (RBU 2, RBU 17…).  This allows the leaders to record which RBU is being used in which heading and gives us more information for the cross-shift should something go wrong.
· Electricians are not and will not be trained to repair the RBUs.  If damaged, they will sent back directly to the manufacturer Rothenbuehler Engineering in Washington State, USA.

· The RBU boxes are shock-resistant and have pressure release valves.

· You are allowed to connect a maximum of 3 lead-wires to each RBU but the total length of lead-wire used must be less than 1000’.  
· RBUs must be fully charged to be operational.  There is a 12V battery in each RBU so you need a minimum of 12V for the blast to fire.

· When an RBU fires, it sends out 27V through its firing circuit (the exact same voltage as the portable blasters the men use now form underground).

· RBUs are very user friendly and miners have only 3 things to check:
· Warning lights are operational and ‘green’ ready light stays on when you turn on the power (this indicates that there is ZERO voltage in the firing circuit)

· Minimum of 12V charge

· Solid C.C. light indicating good communication between the CBC and the RBU.

· Miners follow the exact same drilling and loading procedure as they do now up to the point where they would be ready to connect the lead-wire to the blasting cable.  At that point, instead of hooking up to the blasting cable, they connect to the RBU.  EVERY OTHER STEP IS EXACTLY THE SAME.

· RBUs must be turned off for them to charge.

· RBU boxes must be shut when left in a heading to blast to withstand the concussion of the blast.

· The antenna and the charging port are the only two sensitive areas on the outside of the RBU which require extra care.  Extra antennas and extra chargers are recommended to be purchased.
3. The leaky feeder itself including amplifiers, antennas and other add-ons;
· The leaky feeder system needs to be classified as a ‘CRITICAL PART’ so that spare parts critical to the operation of the system can be kept on-site at Strathcona for emergency repairs.
· Electricians must be properly trained on the use of Varis’ Spectrum Analyser to be able to trouble shoot problems.

· ‘Smart amplifiers’ are recommended to be installed to replace old amplifiers as they breakdown.  This allows for quicker trouble-shooting.

· Each CBC needs its own channel and repeater installed.  If possible, this should be done in a bandwidth outside of the bandwidth required for ‘Ethernet-over-leaky-feeder’.  Varis will determine if this is possible.

· A full audit and repairs of any issue should be done prior to implementing the use of the central blasting system.

3.0     COMMON QUESTIONS
We set out a plan to start using the Varis system in the copper zone as a large-scale trial and if it worked well, the nickel side would also use it.  We completed a Haz-op and I made up a PowerPoint presentation to train the workers on surface as well as a 5 question test.
The Haz-op brought up a few issues which needed to be addressed.  Relevant items included:

1. Was the power supply for RBUs CSA approved;

2. Fan timers able to be reliably reprogrammed;
3. Clearing the tag-board on surface;

4. Blasting with men underground (ie: graveyard shift);

5. Power regulation problems;

6. Effective locking-out of the CBCs and the CBC keys;
7. Loss of leaky feeder use underground.
We addressed the above items with:

1. Confirmed the power supply (charger) for the RBUs was a Class II CSA approved device, allowing it to be placed in the refuge stations.
2. Not possible to reprogram the fan timers due to them using NANO technology which was outdated as well as the internal clocks malfunctioning.  We therefore bypassed the Energy Savings Plan in all the fans and needed to blast with the fans on.  This caused some problems in copper development vent tubing being blown out by every blast and we addressed that by asking the electrical engineering department to write a new program for the use of the ‘BLAST DELAY’ timers.  This new program linked the blast delay buttons to real-time clocks so the fan would shut off when the blast delay button was pushed but would not turn back on until the end of our 15-minute blasting windows at the end of each shift.

3. Very specific people have to be assigned to ensure the tag-board is clear.  At Fraser Mine, it was the copper shifters since we were the first ones to use the system AND the tag-board is directly in front of the copper shifter wickets and is therefore easy to check.  Other sites may have to modify their tag-boards so everyone is on the same board or modify the procedure to suit their systems.
4. We are allowed to fire the blasts with men underground as long as they are in an approved refuge station while the blast is being fired.  This is confirmed every shift by the graveyard supervisor to the copper supervisor.

5. To protect the electronics inside the CBCs, two power conditioners were bought (one for use, one for back-up).  No surge protection is required for the RBUs underground.

6. Effective locking-out of the CBCs and the CBC keys can be done in one of 2 ways.  The first is for the supervisor to physically carry the CBC keys with him all shift (it is impossible for the CBC to either select, arm or fire any of the RBUs without the CBC key inserted into the CBC) and the second is to lock up both the CBCs and the CBC keys and give keys to only those responsible for blasting.

7. Fraser Mine has now reclassified its leaky feeder system into a CRITICAL SYSTEM.  This means that we have back-ups for critical parts on-site at Strath immediately available so any leaky feeder malfunction is short-lived.

NOTE:

I have attached the Haz-op which addressed many other concerns but I chose to include the above concerns because they were often-repeated questions from the employees during training and information sessions.
4.0
HOW TO SIMPLIFY IMPLEMENTATION OF SYSTEM
The implementation of the Varis Central Blasting system at Fraser mine was relatively smooth due to the cooperation of many people working together to address issues we foresaw during the haz-op and planning stages.  That being said, it was not seamless and there are actions to take which could make the implementation easier at other mines.  They are:
1. Designate a Project Champion for the site;
2. Complete audit of the leaky feeder system and repair;
3. Bypass the Energy Savings Plan for all fans in the mine currently using it;
4. Adjust the cage schedule to allow for ‘blast windows’ and tag-in times.
To address the above issues:

1. An important issue is the designation of an individual to be a Project Champion (should be a JIT) who becomes the ‘go-to’ person for management, staff and hourly people involved.  At Fraser Mine, Marc Lucas was designated to be that person and he was allowed to modify his schedule, organize meetings and set dates for training with the support of upper management.

2. As is most likely the case with other mines, Fraser Mine thought the leaky feeder system was in what was an acceptable condition before we started using the Varis Central Blasting system for voice communication.  When we implemented the use of the system, we found out the leaky feeder system was actually in poor condition and in need of repair in many areas.  It is highly recommended to do a complete and thorough audit of the entire leaky feeder system in any mine before starting to use the Varis Central Blasting system.   
Duane Berry from Varis was critical to the Fraser Mine leaky feeder system being repaired to an acceptable level of operation.  A rough estimate of the time required to fully audit and repair the Craig Mine leaky feeder would be 10 working days (2 weeks) and T.L. would be 7 working days.  One electrician should also be the ‘leaky feeder’ expert for the site and all others can be trained on how to use the ‘Varis Spectrum Analyzer’ as well as the basic DOs and DON’Ts for leaky feeder.

It is also advisable to get the leaky feeder system designated as a ‘Critical System’ so replacement parts for crucial components can be stored at Strath.  As Fraser, Craig and TL’s leaky feeder systems are all Varis systems, the parts already stored at Strath may be able to be shared by other sites but confirmation will be needed by Varis.

3. The Energy Savings Plan (ESP) was implemented years ago for obvious reasons.  Unfortunately, the system uses Nano technology which is severely outdated and therefore not easily replaced or repaired and there is a flaw with the internal clocks which makes the timers unreliable.  These deficiencies make using the ESP on auxiliary fans a severe safety risk when using a central blasting system exposing men to the potential of exposure to blast gases which haven’t been cleared.  
To minimize the chances of exposure to blast gases, Fraser Mine bypassed all the ESP on every fan which had the programmed installed on it.  Obviously, Fraser Mine is using more energy than it previously did.  To address the waste of energy by having fans on when they’re not required to be on, Fraser Mine and the Electrical Engineering group (along with Varis and Bestech) are going to be testing the use of Ethernet-over-Leaky-Feeder shortly.  Results will be forwarded to the Blasting Committee when they become available.

Another risk associated with bypassing the ESP is the fact that we needed to blast with the fans ON.  Procedures before were to turn off the fan before blasting and turn it back on afterwards.  The issue which was foreseen was damage to the vent tubing but this issue only ever caused a problem with the development crew.  Neither the narrow vein mining crews nor the nickel cut-and-fill crews had problems.  We solved this issue by asking the electrical engineering department to write a new program for the use of the ‘BLAST DELAY’ timers.  This new program linked the blast delay buttons to real-time clocks so the fan would shut off when the blast delay button was pushed but would not turn back on until the end of our 15-minute blasting windows at the end of each shift.
One benefit of bypassing the ESP is the graveyard crew used to be routinely interrupted in the middle of their shift by the fans turning off.  This was a safety risk and also an inconvenience but it no longer occurs.

4. The need to adjust the cage times will vary from site to site but Fraser Mine pushed back the afternoon shift by 15 minutes.  This accomplished two things.  Firstly, it gave enough time for the blast gases to clear the mine before afternoon shift went underground.  Secondly, it widened the gap between dayshift and afternoon shift to help us clear the tag-board (men were tagging in on afternoon shift before dayshift had tagged out).

5.0
BENEFITS OF USING THE VARIS CENTRAL BLASTING SYSTEM
The most obvious and important benefit of using this system is the avoidance of the inherent risks associated with firing blasts from underground.  At Fraser Mine alone, we have over 18000 diamond drill holes and it was becoming increasingly difficult (if not impossible) to properly guard every location.
However, immediately after Fraser Mine started to use this system, we noticed other benefits which we had not foreseen including:
 
1. High ‘buy-in’ from the miners due to the fact that anyone who had fired a blast from underground always wondered if the area had truly been 100% properly cleared or that every diamond drill hole properly guarded;
2. Increased time at the face for every miner due to the fact that there was no need to clear any areas.  In some cases, the increased available time at the face was upwards of 1 hour (2 hours on the nickel side due to the larger areas);
3. Improved overall performance of leaky feeder due to faster repairs;
4. No need to run blasting cable into headings anymore other than for the last cut if the stope will be finished by longhole or blasthole since IKONs require blasting cable.
5. No more orders from the M.O.L. regarding our blasting cable, blasting boxes…
6. Daylight savings, changes in the mine schedule and changes in the shift schedule require a large amount of manpower to reprogram fans, issue new blasting times for each crew and other problems.  These are avoided by blasting all of the mine blasts from one surface at a given time (which can be changed without much trouble).
6.0
CONCLUSION

Although time consuming and a little complicated to implement in the beginning, the Varis Central Blasting System has proven to be very reliable and effective.  Fraser Mine had some ‘growing pains’ in the beginning seeing as how we were the first to fully implement the system but I believe the use of it at other MMBU mines will be much easier if we use what we learned.

