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2. Blasting work experiences 
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Domestic water well decommissioning during Covid 
 
J. Wallace & C. Breeds 

 
 
 
 
 
 
ABSTRACT: A domestic water well, drilled and fully cased in 1946 to a depth of 340+ m in glacial  
gravels, had been abandoned decades ago but never properly decommissioned. The well was now located 
within the active footprint of a 30-metre deep foundation in alluvial gravels for two 15-storey high rise 
buildings being constructed in the centre of the City of Bellevue, a suburb of Seattle, and the second  
largest city centre in Washington State, USA. The well had to be properly decommissioned to meet     
Environmental Protection Agency (EPA) and Washington Department of Ecology (WDOE) requirements. 
Those requirements included perforating and pressure grouting the pipe from the bottom up to ensure that 
no future inflows could travel down the old pipe into the aquifer. 
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Figure 1. The project site – surrounded by residential and commercial structures. 
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1      INTRODUCTION 

The well was located in the southeast corner of  
the site close to the soldier pile and lagging     
shoring wall that had been installed prior to       
excavating the basement structure, as shown in 
Figure 2. Its discovery was a surprise to the      
contractor when it was uncovered during early site 
preparations. 
     Subsequent research and contact with the 
Washington Department of Ecology (WDOE)  
provided the well log, shown in Figure 3, which 
identified sequences of sand, sandstone, sandy 
clay, gravel and streaks of shale. 
     The well log also identified ‘as-built’           
perforated zones at 75 to 112 metres (247 to 370 
feet), 162 to 189 metres (530 to 621 feet) and 297 
to 340 metres (974 to 1115 feet). 
     However, a video conducted shortly after     
discovery revealed a 45 cm diameter (18-inch) 
well casing to a depth of 180 metres (590-feet) that 
then necked down to 30 cm (12-inch) to a depth of 
270 metres (890-feet) below which the conditions 
were unknown. 
     It quickly became clear that the lower           
perforated zone was beyond the reach of the 
planned well abandonment program. 
     Furthermore, the casing was so deteriorated 
that blasting the casing with explosives was       
determined to be the best way to meet the intent of 

WAC 173-160-381 [l(i)], the Washington         
Department of Ecology (WDOE) well            
abandonment requirements. 
     Figure 4 contains the rationale and important   
conclusions made by the WDOE when deciding to 
grant the variance required from WAC-173-160-
381 [l(i)] to proceed with the work. 
     It was also believed important to create a      
separation between the 187 metres (612 feet) and 
higher and 297 metres (974 feet) perforations 
which were inaccessible. The plan therefore       
included setting an explosive charge and pressure 
grouting to adequately seal the lower aquifer from 
water migration from any higher perforation 
zones. 
     The team assembled to plan and complete the 
work included Tacoma Pump Drilling (well    
abandonment contractor), Wallace Technical 
Blasting (licensed blasting contractor), and     
SubTerra, Inc. (blast consultant and vibration   
specialist). 

1.1 Covid-19 Appears 
 

A major complication arose after preliminary work 
began and actual work could be conducted. That 
complication was Covid-19. Not only did it arrive 
but one of the early USA epicenters was at a       
retirement home just a few kilometres from the   
project site. 

Figure 2. Location of the 1946 well inside the site footprint. 
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     There was a universal lockdown instigated and 
work on the project came to a screeching halt, 
which meant that a huge excavation was setting 
idle with only temporary shoring installed. This 
created a huge hazard to surrounding buildings and 
utilities given that either a small earthquake or a 
large rain event could cause the temporary wall 
support to fail. 
     An emergency-provision exemption was  
granted after a week or two of serious               
correspondence between the builder, engineers and 
the health authorities to allow construction to     
resume, with Covid precautions being drafted on 
the fly. 
     Among those provisions were what we now 
call ‘social distancing’, with workers required to 
stay 2 metres apart, a tough standard to meet when 
constructing a perforating gun at the site. Other 
provisions included one-way stairwells for ingress 
and egress on the project, morning temperature 
checks and symptoms questions-and-answers    
daily, and sitting apart during breaks and lunch. 

 

 

Figure 3. The original 1946 well log. 

 

Figure 4. 
WDOE 
Assessment 
of the well 
hazard. 
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2 MOBILISATION AND EXECUTION OF 
WORK 

Mobilisation for the decommissioning of the 1001 
Office Towers well consisted of 10T pump hoist, 
Rosewall grouter, a cable winch containing 300 
metres of 10 mm cable (3/8-inch) and 268 metres 
of 50 mm (880 feet of 2-inch) threaded and     
coupled PVC and related tooling. This equipment 
was lowered into the excavation and positioned at 
the well head. 
     A 15-23 metres (50 to 75 feet) exclusion zone 
was set up around the well site and only authorised 
personnel that needed to be there could enter. 

2.1 Blasting Program 
 
Decommissioning was done in stages or lifts.    
After the 10T was set in place and towered up the 
spiral perforating charges were lowered into the 
well via 10 mm cable. The first lift was at the   
bottom with subsequent 10 to 30 metres vertical 
lifts (35 to 100-feet) planned at the discretion of 
the blaster in charge working in consultation with 
the well decommissioning contractor. Some of the 
tools that were used are shown in Figures 6 
through 8. 

     A set of heavy tyre mats were placed over the 
top of the well to deviate any out flow. A small 
trench and or pit was also utilised to contain and 
pump off any water purged from the well during 
decommissioning. After the charges detonated the 
well was prepared for the following lift. Before the 
next set of charges were installed the hole was 
tagged for depth, and the next lift then resumed; 
this procedure was followed to within 15 metres 
(50-feet) of the surface. 
     When the decommissioning procedure was at + 
15 metres (50-feet) below grade a shape charge 
was used to separate the 450 mm (18-inch) casing 
approximately 9 metres (30-feet) below grade. The 
remainder of the hole was filled with cement grout 
leaving a solid cement plug between the top of the 
450 mm pipe (18-inch) and the bottom of the 600 
mm (24-inch), approximately 7.5 metres (25-feet) 
thick. 

2.2 Concurrent work 
 
The effort to stabilise the excavation meant that 
multiple concurrent activities were going on    
nearby on a daily basis (see Figure 9). Fortunately, 
the    general    contractor    was   very   helpful   in      

Figure 5: Well truck in the excavation near far wall, SE View. 

 



 

 
- 71 - 

  

Figure 6. Scalloped gun system. 

 

Figure 7. Unassembled guns in shipping crates. 

 

Figure 8. Retrieving successfully fired gun. 
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scheduling work to the most efficient for all, either 
postponing a blast for a short while to allow for 
completion of a concrete pour, or conversely, 
postponing other activities for a short while to    
allow us to fire the blast. 

2.3 Monitoring program 
 

Figure 2 shows the layout of blast vibration     
monitoring stations set up around the site to     
monitor compliance with the State of Washington, 
WAC 296-52 Blasting Regulations. Blasting     
operations were designed to minimise vibration 
levels and maintain vibration levels below      
regulatory requirements within the site boundaries 
to protect the surrounding structures shown in  
Figure 1. 

2.4 Evaluating impacts to the adjacent structures 
 

Table 1 contains estimates of vibration magnitude 
and frequency along with induced strains at      
various distances from the blasting site that were 
developed during the planning process. This    
process demonstrated that vibration levels would 
be below regulated criteria using conservative    
parameters in the attenuation equation and       
provided the basis for the blasting permit that was 
issued. 

 
3 CONCLUSION 
Perforating charges were required at a depth of as 
much as 340+ metres, resulting in significant static 
pressure on the explosives. Therefore, the use of 
molecular explosives was necessary. These   
charges were designed in collaboration with the 
two selected explosives manufacturers and tested 
at their sites prior to shipment. 
     Once onsite, the charges were lowered to the 
designated depths where no prior perforations    
existed in the pipe, and fired. Those perforation/no 
perforation locations were accurately marked on 
the 1946 drillers log, a huge advantage. Pressure 
grouting then followed the perforating as the work 
progressed upwards. The job was a success, but 
made all the more challenging by Covid-19        
arriving between the time the contract was    
awarded, project blasting design and charge   
manufacturing began and the actual work on the 
ground. 
 
4 RECOMMENDATIONS 

Using proper explosives that would work at depth 
was a key to success. Testing offsite, with the     
results documented, combined with careful record 
keeping on grout consumption and rise in the pipe 
facilitated EPA approval. 

Figure 9. Jobsite ongoing activities. 

 



 

 
- 73 - 

 

Table 1. Estimated stresses, strains and displacements. 

 

This prediction was for the uppermost 30-metre zone (100-feet) in the program with 6 kg (13.5-pounds) loaded. 

Figure 10 shows a plot of the actual PPV vs scaled distance for the project demonstrating the conservative 
nature of the predictions and completion of the work while maintaining vibrations below regulated limits at 
locations inside the site boundary. 
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     We do however live in changed times, both 
from a working standpoint and a contracting 
standpoint. Challenges that arose were unique in 
that the cost to perform the work changed         
significantly between contract award and actual 
work. Negotiating the cost changes due to Covid 
was as challenging, if not more so, than             
performing the work. Fortunately, the emergency 
nature of the work was an assist in the                
negotiations. 
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ABSTRACT: Ore recovery is the driving force in the success of a mine. Drill and blast challenges, ore  
dilution, geological uncertainty and geotechnical issues can result in low recovery and the loss of       
thousands of tons of valuable ore. Tara-Boliden is a mine that primarily produces zinc. Open-stoping 
methods are used to mine the ore. Secondary stopes are mined after the primary stopes are mined and 
backfilled with paste fill. Tara-Boliden’s 1835C1 stope was such a secondary stope. It was the 2nd last 
remaining stope in the section, surrounded by backfill. The pillars of the stope were merely two metres 
thick, and a large fault crossed the stope. Geotechnical assessment showed it was not safe to go back into 
the stope to perform drilling and blasting activities once blasting started. However, with a grade of 14% 
Zn it was economically attractive to mine out the stope. Tara-Boliden mine teamed up with Orica’s 
WebGen™ (wireless blasting) team to find a solution. Using traditional wired blasting systems, it would 
have been impossible to design a single blast that would avoid re-entry. Tara-Boliden mine took a        
different approach, using WebGen and auto-loader remote mucking. After careful consideration of the 
risks, it was decided to blast the raise traditionally using i-kon™ electronic detonators (blast #1). After 
this, the void was increased by slashing with WebGen™ pre-charged rings (blast #2). A mass blast going 
through the fault zone was taken after the void increase (blast #3). The remaining WebGen™ charged 
portion of the stope was designed so it could be blasted in four separate blasts to further improve recovery 
(i.e. separate the up-holes from the side/wall holes) but depended on time to muck the stope whilst       
remaining inside the 30 days sleep time of the WebGen™ primers. Due to time pressures the remaining 
WebGen™ primers were fired in one shot (blast #4). The last part of the stope (blast #5) was safe to     
access and was fired with i-kon™ electronic detonators. Besides the design with preloaded blasts,         
adjustments to the timing design were used to accommodate the best breakout of the blast holes. The 
blasting result was excellent, with good fragmentation and clean break out with very limited overbreak 
and underbreak. Recovery was greater than 92%. Pre-charging the stope and remote mucking avoided   
re-entry to the dangerous area, making the mining operation safer while increasing productivity. This   
paper will focus on the practical challenge of blasting a secondary stope and the wireless blasting      
techniques that provided the solution. 
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1 THE WEBGEN™ WIRELESS BLASTING  
SYSTEM 

Blast initiation systems began with the invention 
of safety fuse by William Bickford in the 1830s. 
Since then, the three major revolutions in initiation 
systems were electric detonators, shock tube and 
electronic detonators (Figure 1). Each brought  
better safety and productivity and helped to move 

people further from the danger zone. However, 
progress is limited by connections using wires and 
tubes because they require people to re-enter   
dangerous areas to connect blasts and are            
attributable to some types of misfires. The 
WebGen™ system is the first truly wireless rock 
blasting system (Marijnissen & Pereira 2019). 
Eliminating the wires from blasting enables new 
mining methods on the surface and underground 

Figure 1. Evolution of initiation systems 
 

Figure 2. WebGen™ uses low frequency magnetic induction to communicate with wireless primers in blastholes. 
 



 

 
- 77 - 

that were previously impossible with wired and 
shock tube systems. 
     WebGen™ uses low frequency magnetic       
induction signals (1800 Hz) that can penetrate   
solid rock up to 800m and initiate sleeping        
and charged WebGen™ primers located in 
blastholes. 

2 BOLIDEN'S TARA MINE 

Boliden’s Tara mine located at Navan, Ireland, is 
Europe's largest underground zinc mine and one of 
the largest mines on a global scale. The Tara     
deposit was discovered in 1970 by Northgate    
Exploration. Mine development began in 1973, 
followed by the first ore in 1977. Since this time 
more than 85 million tonnes of ore have been     
extracted; with Outokumpu operating the mine 
from 1986 until it was acquired by Boliden in 
2004. Through Boliden’s continuous exploration 
and acquisition the mineral reserve and resources 
have grown over time. Around 2.6 million tonnes 
of ore are mined annually to produce zinc and  
lead concentrates. Boliden Tara has a strong       
focus on cost improvement through productivity 
enhancing investments and savings related        
projects. 

3 BACKGROUND OF THE WIRELESS 
BLASTING PROJECT AT BOLIDEN TARA 
MINE 

Boliden Tara mine uses open-stoping as the main 
mining method. Primary stopes are mined and 
backfilled with paste. The secondary stopes are 
mined after the paste fill has settled. As paste fill 
has different properties to virgin rock, the          
geotechnical situation of secondary stopes is often 

challenging, and the secondary stopes can be     
difficult to mine. The 1835C1 was one such stope. 
It was the second last stope of a large mining area 
after all nearby stopes were mined out and paste 
filled. 
     In addition to the high mining induced stress 
conditions around the stope, the wall pillars to the 
two neighbouring stopes were less than two metres 
thick due to overdevelopment of their slot      
cross-cuts. In a nearby area a few months earlier, a 
similar geometry (of narrow development pillars) 
and high mining stresses resulted in the rock   
pressure exceeding the rock strength, leading to a 
sudden rock burst. Tara wanted to remove this risk 
when mining the 1835C1 stope. As a further  
complication mapping had revealed a large fault 
through the stope. Based on this information, it 
was concluded that mining the1835C1 stope with 
conventional drill and blast methods was too risky 
because after blasting the raise, the thin wall      
pillars might collapse. By using conventional 
blasting methods, lead wires would most certainly 
be cut-off when blasting the stope in multiple   
sections. Pre-charging the full stope was therefore 
not an option. Blasting would make the stope    
unstable, so it would not be safe to send in    
charging crews after the first blast. 
     Boliden Tara mine teamed up with Orica      
and came up with the idea to charge the stope     
using wireless blasting technology. The 
WebGen™ wireless blasting initiation system 
would allow the mine to pre-charge the           
stope completely in pre-designed sections. This 
would remove the risk of damaging detonator 
wires, and the risk of sending people back into the 
danger zone to reconnect wires between each 
blast. 

Figure 3. Boliden Tara Mine. 
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4 BOLIDEN TARA AND ORICA WORKING 
TOGETHER ON STOPE BLAST DESIGN 
WITH WEBGEN™ 

The stope was already drilled when Orica’s 
WebGenTM team arrived on site. A team of        
experienced underground mining specialists       
reviewed the drill and blast design and              
recommended alternative delay timing. One of the 
recommendations was to speed up the delay times 
for the raise to avoid overbreak of the raise. Raise 
blasting used i-konTM electronic detonators. The 
total blast duration for the raise was decreased by 
2 seconds to speed up the blast and to improve the 
blast result. This timing was discussed with       
Boliden Tara, and they decided to use the         
suggested timing design. 
     With the introduction of the alternative raise 
timing, an improved blast sequence for the stope 
was also suggested. Traditionally the roof and wall 
sections were blasted at the same time. With   
wireless technology, a new sequence was         
recommended to improve fragmentation and    
produce better wall and roof control. The idea was 
to first blast the up-holes with WebGen™ and 
blast the side rings into the void using WebGen™ 
after completely mucking the stope out, to create a 
void. 
     The plan was to blast the stope in multiple   
pre-charged sections, made possible due to the 
flexibility of WebGen™. The first ring of each 
section was double primed to reduce the risks of 
failure. Pre-charging with wireless primers must 
be done with caution. Backbreak can cause unfired 
primers from the next unblasted ring to end up in 
the muck. This is called a liberated primer. With 
this in mind, the planning team introduced a longer 
delay time for these blast intersections and         

increased the uncharged collar length on the very 
last ring of each blast section (Figure 4). Also, the 
collars of nearby holes were too close to each   
other, so uncharged columns and delay times     
between the holes were adjusted to avoid           
unnecessary damage. 
     To improve toe accuracy and provide better 
conformity, a one metre pillow charge was         
introduced. The charging method included a one 
metre pillow charge in the toe of the hole, before 
placing the primer. This method was introduced to 
ensure good breakout at the toe. 
     Some of the design peer review                    
recommendations around blast sequencing and 
double priming could not be implemented due to 
geotechnical concerns and partly blocked holes. 
The original recommendation from the review was 
to sequence the stope so the up-holes (a maximum 
of 5 to 6 rings) were blasted first. The side slash 
rings would be fired after mucking to provide 
more relief and improve mucking of the upper 
holes by creating a funnelling effect. However, 
this was not possible because the side pillars on 
both sides of the stope were only 1-2 m wide 
(Figure 4.). Boliden Tara mine’s Geotechnical  
Engineer recommended to pass through this area 
with one big blast rather than slice it to smaller 
sections and risk a failure. 
     With this recommendation in mind, Orica   
suggested that the final design should be sliced   
into eight blasts, including two i-kon™ electronic 
detonator blasts. The other six blasts were        
separated so each section could be fired              
independently or combined if required. The blast 
sections are shown in Figure 5. (GID stands for 
Group Identification. GID is used to group 
charged holes that form a blast. They can be 
merged with other GIDs to make larger blasts). 

Figure 4. Picture of thin pillars on both sides of the stope. 
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−  Blast 1 (i-kon) 
−  Blast 2 (GID 1 & 2) 
−  Blast 3 (GID 3) 
−  Blast 4 (GID 4) 
−  Blast 5 (GID 5) 
−  Blast 6 (GID 6) 
−  Blast 7 (GID 7) 
−  Blast 8 (ikon)  
 
2 CHARGING THE FIRST WEBGEN™ 

BLAST AT BOLIDEN TARA MINE 

In total 495 WebGen™ primers were charged in 
the 1835C1 stope. The whole stope (except for the 
final blast 8 – ikon) was pre-charged before any 
blasting (including the i-kon™ raise blast). The 
capability to pre-charge is crucial for extracting 
stopes like 1835C1, where geotechnical concerns 
limit stability and recovery using conventional 
blasting methods. 
     Even though the stope was divided into eight 
blasts with seven GID’s, no additional time delays 
were applied between sections. The stope blasting 
sequence was designed as if it was one single blast 
in case it became necessary to fire it all at once. 
With conventional methods, the time between 
blasts would have required the brow area to be   
inspected (plus possibly supported with shotcrete), 

and any re-drills exposing personnel to potentially 
unstable ground. With WebGen™ these costly, 
time consuming processes and unnecessary risks 
are eliminated. 
     Charging the WebGen™ rings took about one 
week including a few interruptions due to mine 
scheduling. The stope was released for one day for 
the auto-remote mucking crew to train their 
equipment for that specific stope, and on another 
day the mobile charging unit was required by    
another blast crew (Figure 6). 
     Most of the holes were charged according to 
the charge plan, with a few exceptions. Some 
holes were dislocated, shorter than planned, 
blocked, or drilled into the backfill. On some holes 
the WebGen™ primer’s location was adjusted due 
to a blockage or hole dislocation, and on some 
holes the second primer had to be left out.         
Exceptions from the design were noted on 31 
holes. (Figure 7.) 

3 BLASTING WITH WEBGEN™ AT 
BOLIDEN TARA MINE 

WebGen™ blasts can be initiated using LAN or 
WLAN communications. If such a network is not 
available, blasts can be fired from the transmitter 
location or by running a hardwired ethernet cable 
from the antenna to a safe location. 

Figure 5 Blast sections 
 

Figure 6. Charging table. 
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    All WebGen™ blasts were successfully fired 
using Boliden Tara’s WLAN network. This      
created more flexibility, as WebGen™ could be 
easily and reliably blasted from the surface control 
room. 
     The first blasts (1-3) were fired as originally 
planned. The raise was blasted on the 27th           
of   September 2021, and after few days of    
mucking, GIDs 1 and 2 were merged and        
blasted on 2nd of October 2021. Blast no. 3    
(GID 3) was blasted on the 5th of October 2021.  
It was planned to muck the whole stope with       

an auto-operated loading unit, but after            
Blast 3 Boliden Tara faced scheduling issues     
that caused an unexpected delay for mucking.     
To comply with the maximum allowed            
sleep time of WebGen™ it was decided                
to merge blasts 4-7 together, as one big blast.   
This showed the advantage and flexibility of 
WebGen™ and a problematic scenario was  
avoided. The last WebGen™ blast was fired on  
the 22nd of October 2021. Boliden Tara blasted 
the final rings of the stope with i-kon™ once         
everything was mucked out. 

Figure 7. Blasthole exceptions. 
 



 

 
- 81 - 

 
Original design solid 
volume 

 
18,361 m3 

As-built solid volume 21,680 m3 
Design solid volume 
After mining 

 
17,957 m3 

As-built solid volume 
After Mining 

 
18,754 m3 

Overbreak volume 2,206 m3 
Underbreak volume 1,409 m3 
Designed volume       
actually mined          
calculated 

 
 

16,548 m3 
Designed volume       
actually mined cut 

 
16,548 m3 

Compliance to plan 92.2 % 
Overbreak percentage 12.3 % 

Underbreak percentage 
 

7.8 % 

 

4 BLAST RESULTS 

Overall, charging and blasting with WebGen™ 
worked very well, creating approximately 1.5 m of 
over break in the up-holes, but all the rest broke to 
design (Table 1). No misfires or liberated boosters 
were detected. All measures were done to prevent 
elevated risks during charging and blasting. 

 
     It is worth noting that this stope could not have 
been charged and blasted without using WebGen. 
Geological and geotechnical challenges would 

have prevented safe drill & blast operations in this 
particular stope. 
     During 2021, the average compliance to plan in 
the mine was 86%. Compliance in the WebGen™ 
stope was 92.2%, more than 6 percentage points 
above the 2021 average. The non-compliance of 
7.8% was mostly from the walls of the stope due 
to a combination of: drill hole stand-off to adjacent 
filled stopes, blocked holes and open joints at the 
back of the stope. 

5 FIGURES OF RECONCILIATION FILES 

Shown in figures 8 to 11 below. 
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Table 1. Stope 1835C1 reconciliation report. 
 

Figure 8. Final Stope scan of 1835C1 reflected to the original design. 
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Figure 9. Final Stope scan of 1835C1 reflected to the original design. 
 

Figure 10. Final stope scan of 1835C1 on Orica Shotplus™ software with drill holes and neighbour stopes. 
(WebGen™ holes visible). 
 

Figure 11. Sideview of 1835C1. Orica Shotplus™ software. (WebGen™ holes visible). 
 


