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Implementation of a robust asset management system is critical to meeting strategic 
organizational objectives. Exposed to intense process conditions, the tap-hole is the most regularly 
maintained component of the furnace, and as a burden on the plant operating factor, should be 
incorporated into a proactive asset management system. Continuous advances in tap-block 
design, tapping equipment, and the associated monitoring systems have provided operators with 
the ability to customize tapping systems to meet their strategic operational objectives. Analysis of 
tap-hole life-cycle data and maintenance strategies can guide the selection of the technology best 
suited for the operation. In this paper we discuss how operators can include available tapping and 
tap-block technologies and maintenance strategies in a data-driven asset management system to 
improve plant operation, with examples demonstrating successful implementation. 
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A data-driven risk-based asset management system can deliver optimal and sustained asset 
value by improving operating factors, reducing operating costs, and mitigating safety and 
financial risks (Miller et al., 2016). The tap-hole is an asset, with financial and safety risk 
implications that necessitate dedicated consideration in the asset management system. In a 
pyrometallurgical furnace the metal/matte tap-holes are typically the leading reason for 
planned downtime and, if not maintained and operated in a disciplined manner, can be the 
cause of significant unplanned downtime. Additionally, operating the tap-hole is a high-
risk activity. Improving the tap-hole reliability, failure detection, availability, and 
operational safety are all integral to maximizing the operating factor and throughput while 
reducing overall life-cycle costs. These objectives are interrelated and are achieved through 
a data-informed risk assessment resulting in preventative actions via technology selection, 
tapping practices, monitoring, analysis, and maintenance strategies.   
 
The tap-hole life-cycle (installation, operation, maintenance, and replacement) and the 
importance of life-cycle considerations in the design phase are described by Steenkamp et 
al. (2016). This paper proposes that data collection and analysis be included as part of this 
cycle, with the aim of continuous improvement through a focused asset management 
strategy, represented in Figure 1. 
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Figure 1. Tap-hole asset management system. 
 
 

A successful asset management system will manage risk by identifying the root causes of 
failure modes through a formal risk assessment process and focus on eliminating the root 
causes, rather than mitigating the consequences (Nikolovski and Spinelli, 2011). Studies 
repeatedly show that the root cause of failure of industrial equipment is spread across 
design, operations, and maintenance (Nikolovski and Spinelli, 2011). As an example, in the 
highly intense processes of superheated metal/matte tapping, channel refractory life has 
been improved through advances in refractory materials and water-cooled copper cooling 
technology. However, campaigns can still be limited by operating practices. While the flow 
of superheated metal or matte will wear the tapping channel refractory over weeks or 
months, these refractories can be worn significantly in a single event or shift through 
excessive lancing or from closing material (such as clay) boils that occur when an excessive 
amount of closing material is used.  
 
A formal risk assessment, informed by quantitative data, provides a prioritized set of actions 
across all areas based on their effectiveness in reducing overall risk rating. Ongoing 
performance is maintained and improved by continually monitoring the risk profile and 
adjusting the asset management plan accordingly using data from operations. This 
quantitative, risk-based approach is the most economically efficient method of optimizing 
operating factor and balancing total cost of ownership (Miller et al., 2016). In summary, a 
formal risk assessment provides:  

• Identification of all potential failure modes and associated risk profile (likelihood and 
consequence of failure) 

• Root causes 
• Feasibility of early detection of failures 
• Prioritized list of preventative actions and mitigation strategies 
• An overall risk rating based on the above 
• Means of continuous monitoring and adjustment. 

Tap-hole related failure modes might include: 

• Loss of hot face or tapping channel refractory from excessive wear or flotation 
• Differential expansion between the tap-hole and surrounding brickwork, leading to 

formation of gaps 
• Failure to close tap-hole 
• Water leaks. 
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This paper presents considerations for developing and implementing a robust tap-hole life-
cycle asset management strategy through design (state-of-the-art tap-block, tapping, and 
monitoring technologies), operating and maintenance practices, and proactive management 
(review and improvement through data collection and analysis). We will demonstrate that 
the above can be used to deliver value, using examples where operators have achieved gains 
by employing the technologies described and asset management strategies. 
 
Design – Tap-block Technology 
Selecting the appropriate tap-block technology for the process application requires 
consideration of the full life-cycle. The initial capital investment should be considered in 
relation to the expected campaign life, the impact on personnel safety, maintainability, and 
the frequency and duration of repairs. Hatch has over 60 years of experience in designing 
intense process application-specific tap-blocks and surrounding equipment (Jastrzebski et 
al., 2012; Daenuway et al., 1992; Shaw et al., 2012; McKenna et al., 2010; Rodd et al., 2010; 
Nelson et al., 2006). PGM matte, Ni and Co ferroalloy, and base metal producers have widely 
adopted water-cooled copper tap-hole technology, while lower superheat processes (e.g. Cr, 
Mn, and Si ferroalloy) have had success with conductive refractory linings and shallow or 
no active water cooling (Nelson and Hundermark, 2016).   
 
In many sectors, process intensities have continued to increase with operators increasing 
output through existing vessels, and with the use of process feed materials with less 
favourable characteristics. This has resulted in more highly superheated metal or matte in 
various industries (superheats up to 350°C for FeNi and 650°C for PGM matte (Nelson and 
Hundermark, 2016)), higher volumes tapped, and greater frequency of tap-hole opening 
and closing. This necessitates highly durable tap-holes.  
 
To address challenging operating conditions modern water-cooled copper tap-hole 
technology has been employed. Features of these tap-blocks include: 

• A stable housing to support the tapping channel refractory. 
• Intense cooling to minimize the wear rate of the refractory. 
• Integration into the surrounding wall refractory to minimize differential movement 

between the refractory wall and tap-block. Formation of large gaps and leak paths can 
occur in furnace designs that do not allow tap-block movement with the refractory 
wall (Southall et al., 2015). Even with refractory and tap-block integration, differential 
movement continues to be a risk to operators. 

• Selection of appropriate tapping channel refractory material (for operations with or 
without deep water-cooled tap-blocks). The tapping channel wear rate is dependent on 
the refractory material and therefore care must be taken in selecting the correct 
material for the application. 

• Arrangements and features to facilitate maintenance as described in the following 
paragraphs. 

 
A spectrum of water-cooled copper tap-hole technology is shown in Figure 2. 
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Figure 2. Water-cooled tap-block technologies. 

 
As will be discussed further, frequent shallow maintenance is essential in order to increase 
the time between the deep repairs that require the furnace to be offline. The limiting factor 
on the depth of online repairs has been the risk associated with refractory temperature 
during demolition, and potential for tap-hole opening during repair. To mitigate these risks 
while facilitating an increased frequency of shallow repairs, tap-block extensions were 
developed, as shown in Figure 2b. Van Beek et al. (2014) discuss how the tapping channel 
was extended to alleviate the difficulties of performing online tap-hole repairs with a short 
tapping channel on a PGM smelting furnace.  
 
Funnelling wear at the tap-block hot face entrance necessitates deeper repairs, at a frequency 
that depends on tapping practices, maintenance practices, and process conditions. These are 
typically performed with the furnace offline and require removal of the tap-block to replace 
hot face refractory, resulting in a shutdown duration of typically several days. Due to the 
extended duration of these repairs the consideration of maintenance procedures in the 
design is essential. Building an arrangement that facilitates repairs can reduce downtime 
and improve safety conditions. Referring to Figure 2c, the lintel cooler above the tap-block 
allows for a complete top-down refractory repair without the necessity for additional 
support to the sidewall above, optimizing repair time and facilitating high quality refractory 
repairs.  
 
Operations – Tapping Practices 
Disciplined tapping practices are critical to mitigating campaign-limiting damage to the 
refractory and tap-block equipment, preventing safety incidents, and avoiding uncontrolled 
taps that potentially have significant downtime consequences. Several common 
shortcomings contribute to the likelihood of these events occurring: 

• Excessive or misaligned lancing 
• Incorrect volume of closing material (e.g. clay) used (refer to Figure 3): 

Too much - aggressive reaction at the hot face with metal or matte causing high 
heat fluxes and rapid wear of the tap-block protective hot face refractory, 
shortening the campaign and possibly exposing the tap-block to contact with 
superheated metal or matte 
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Too little (shallow plug) – creates long lengths of frozen metal in the tapping 
channel, shortening the drill depth and extending lancing depth, leading to rapid 
wear of tapping channel refractory and a shortened campaign 

• Shallow drilling (underperforming drilling equipment). 

 

 
Figure 3. Consequences of incorrect volume of closing material. 

 
It should be noted that some applications require special considerations for the volume of 
closing material used. For example, unique to blast furnace ironmaking, the tap-hole clay is 
used to form a ’mushroom’ around the tap-hole to protect the hot face (Nelson and 
Hundermark, 2016).  

To assist in delivering consistency in tap-hole opening and closing performance, collecting 
and analysing key performance indicator (KPI) information can highlight poor practice, 
underperforming equipment, or differences in performance between operating crews. For 
example, it may be noted that one tapping crew consistently deviates from the target KPI 
measurement range, demonstrating an opportunity for improvement in practice or training.  

Tracking tapping KPIs not only improves tapping practice in the short term, but empowers 
operators with a growing data-set that can analysed and used for data-driven decision-
making, in conjunction with data collected from maintenance practices, with the ultimate 
goal of improving the operating factor. A comprehensive set of data is essential to the root 
cause analysis as part of the risk assessment. For example, without collecting the process 
parameters at the time of taps, a high flow rate may be incorrectly correlated with another 
tapping KPI. Tracking the following tapping KPIs will contribute to a healthy data-set: 

• Drilling depth 
• Closing material volume used (including accounting for closing material leaking at 

nozzle interface) 
• Number of lance pipes used 
• Tapping duration and flow rate 
• Mud gun, drill, and lance guide calibration activities 
• Process parameters including levels, temperature, superheat, and composition. 

Monitoring the drilling depth and previous tap-hole closing material volume used 
(accounting for any leakage into launder) allows the operator to gauge the amount of closing 
material to be used for the next tap to ensure the tapping channel is plugged to a known 
depth. Over the course of the tap-hole campaign the required volume of closing material 
will change as the refractory wears. Analysing the number of lances used above standard 
for a normal operating condition opening will trigger early detection and correction of 
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substandard performance by equipment or operators. Operators have achieved good 
drilling depths in part by measuring the drilling depth prior to lancing, recording the 
number of lance pipes used per tap, and measuring clay consumption (van Beek et al., 2014). 
Continuous improvement is possible by growing and digitizing the data-set and combining 
with data collected from other areas, for example maintenance practices, for a 
comprehensive analysis.  
 
Technologies exist that can mitigate the equipment reliability and safety risks associated 
with tapping activities, at varying levels of capital cost and technological maturity. 
Technologies available to improve tapping practices are compared against failure modes in 
Table I. 
 

Table I. Tapping failure modes and technology solutions. 
 

Failure mode Physical 
lance guides 

Tapping 
machines 

Automated 
controls 

Tap-hole acoustic 
monitoring (TAM) 

Robotic 
lancing 

Misguided lancing 
Uncontrolled taps 
Matte/metal tap-
block contact 
Safety incident 

 
Automated controls enable operators to act quickly in the case of an uncontrolled tap, 
limiting the damage that may occur. Controls to consider include automatic water shut-off 
and blow-down, and automated mud gun closing. When these provisions are available, 
operators can exit an unsafe area quickly while crucial mitigating actions are performed 
automatically. 
  
Tapping machines are a mature technology, successfully automating the tasks of drilling 
and closing. Unfortunately, the high-risk lancing activity is still performed manually. 
Improving lance control can significantly reduce the risk of damage to the refractory 
channel. As a low-cost solution that can greatly improve tapping practice, physical lance 
guides can be installed to improve directional control.  
 
Robotic lancing has the potential to improve this practice even further while eliminating the 
safety risk to personnel by removing them from close proximity to the tap-hole. Accurate 
lance control is usually hindered by poor visibility as well as the long, sagging lances that 
remove the operator further from the tap-hole. With Hatch’s robotic lancing technology the 
lancing operator remotely controls an industrial, articulated robot to perform the lancing 
operation at the furnace. The control hardware and custom software provide the operator 
with the necessary tactile feedback in real time, allowing them to perform the lancing 
operation from a safe distance.  
 
Hatch has successfully developed and tested the concept in a robotics laboratory using 
custom-developed software (Figure 4). The system has been further tested for scalability on 
a larger, inverted robot at a local shop. It is now ready for prototyping and hot testing in a 
shop environment followed by pilot testing on a pilot or full-scale pyrometallurgical 
furnace. 
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Figure 4. Robotic lancing concept testing in robotics laboratory.  
 
In addition, Hatch has developed the tap-hole acoustic monitoring (TAM) system. The 
system uses acoustic emission sensors mounted on the tap-block cooling pipes to collect 
signals generated in the tapping channel. The signal parameters can then be analysed to 
provide real-time feedback to assist in the directional control of drilling and lancing 
practices (Gebski et al., 2013; Sadri et al., 2016). As a possible future development, TAM and 
robotic lancing may be combined to form a fully automated lancing solution. 
 
Monitoring – Instrumentation and Controls 
The collection, management, and analysis of data are critical to the tap-hole asset 
management system as these assist operators with: 

• Understanding how their design, process parameters, and practices contribute to the 
tap-hole performance, enabling optimization of these items  

• Reacting with immediate corrective actions to deviations from the normal KPI 
measurement range 

• Mitigating personnel safety risks associated with tapping operations 
• Developing an optimized quantitative data-based maintenance programme rather than 

one based solely on time or number of taps. 

Monitoring technologies and software used for condition assessment are valuable tools that 
can be used to support data-driven decision-making. Successful implementation requires 
an understanding of the opportunities and limitations of the technologies. Condition 
assessment tools are subject to the quality and comprehensiveness of the data inputs. As the 
outputs are validated against physical observations and the underlying data-set becomes 
more comprehensive, the predictions can be used with greater confidence. An 
organizational structure that facilitates innovation while maintaining institutional 
knowledge may find greater success with such technologies as they can appreciate the 
opportunities while understanding the limitations.  

 

Technology 
A selection of the instrumentation technologies used for monitoring and data collection is 
shown in Figure 5.  
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Figure 5. Tap-hole monitoring technologies (Gebski et al., 2013; MacRosty, Gerritsen, and Pula 2014).  

 
Installing instruments and using them for instantaneous monitoring is valuable to operators 
as this alleviates short-term risks to equipment and personnel safety. An example of this 
would be a temperature alarm on the hot face of the tap-block that alerts operators to abort 
tapping. 
 
Realizing the full potential of installed instrumentation means not just monitoring and 
reacting, but collecting and analysing the data to review and improve it as part of the asset 
management system. To assist in managing this task a diagnostic system that automatically 
analyses trends over time is highly valuable as a decision support tool. Hatch developed the 
Tapblock Diagnostic System for this purpose on two Kivcet furnaces (MacRosty, Gerritsen, 
and Pula, 2014; Braun et al., 2014; Gunnewiek et al., 2008). The advantage of this system is 
that it relates the measurements to a detailed CFD model of the tap-block from which it 
predicts the health of the tap-block. Additionally, it automates the task of accumulating the 
history of the tap-block, which is a critical factor in assessing the current health due to the 
overall wear of refractory and variations in freeze lining over time. For example, a tap-block 
thermocouple alarm may be resolved by frozen build-up and no further action may be taken 
by the operator if consideration is limited to that instance. However, by recording the 
maximum temperature over time an operator can estimate the refractory remaining, despite 
the temperature warning being concealed by the frozen build-up. Data collected from a 
PGM operation shows this scenario occurring. Referring to Figure 6, matte penetration 
through the tapping channel refractory was discovered during the shutdown period 
highlighted. Upon reviewing the thermocouple data history, it was discovered that the 
matte penetration may have caused the thermocouple temperature to spike, but was quickly 
concealed. Recognizing this occurrence may have impacted operating strategies and 
maintenance planning.  
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Figure 6. Tapblock thermocouple data from a PGM operation. 
 
The Tapblock Diagnostic System was initially developed on Kivcet furnaces where only 
thermocouples were available in the tap-blocks, but was made possible because of the 
unique tap-block type which had minimal refractory. However, with the use of fibre optic 
technology the Tapblock Diagnostic System can now be adapted for other processes with 
more conventional water-cooled tap-block designs.  
 
The typical campaign life of a deep-cooled copper tap-block is indefinite and therefore the 
opportunity to modify instrument location is infrequent. The temperature instruments 
should be positioned within the equipment with care. How the data will be used as part of 
the asset management system should be considered in the engineering and design phase, 
and the instrumentation installed accordingly.  
 
The type of instrumentation should be similarly evaluated. When strategically placed, 
thermocouples can provide valuable information; however, when embedded in water-
cooled copper they can be limited to measuring local effects. Operators have observed 
refractory wear that was undetected by thermocouple instruments located in the copper 
tap-block (Gunnewiek et al., 2008). Additionally, interpretation of events is difficult with 
thermocouples due to the limited number of measurement points, and the low sensitivity 
due to proximity to the cooling passage. Fibre optic sensors can address these limitations 
with the capability to provide a semi-continuous measurement path and increased 
sensitivity (if installed on the copper surface). These advantages make fibre optics highly 
useful in the review and improvement process.  
 
In addition, the TAM system automatically collects and analyses acoustic emissions to assist 
in the directional control of drilling and lancing in real time. The data collected can also be 
used as part of the review and improvement process for strengthening tapping practices.  
 
Differential movement between the tap-block and surrounding refractory can result in gap 
formation around the tap-block, with the potential to create a metal/matte leak path. 
Developing methods to monitor movement and evaluate potential gap formation is a future 
area of improvement for operators and equipment suppliers.  
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Evaluating Refractory Condition with Thermal Data 
While tapping data can be collected and used to continuously improve and prolong a 
campaign, the ultimate cause of a tap-hole-related shutdown is typically the refractory 
condition. Improving the understanding of the refractory condition during operation is 
extremely beneficial to operators as it can be used to help time shutdowns effectively and 
provide operators with the quantitative metrics necessary to evaluate how changes in 
practice have affected the tap-hole performance.  
 
Using fundamental heat transfer relationships it is possible to correlate temperature 
measurements with refractory condition. However, correctly interpreting temperature data 
can be challenging as the relationship between temperature and refractory thickness is 
complicated by several factors, including: 

• Deviations in the refractory thermal conductivity from the specification (due to 
manufacturing, impregnation, etc.) 

• Multi-directional heat loading 
• Cooling water temperature. 

 
For instruments located within the copper tap-block the thermal effect of fusion between 
the copper and water pipe can be significant and impact the effective heat transfer within 
the tap-block. The magnitude of the deviation from the theoretical value could significantly 
impact the health assessment. To address this Braun et al. (2016) recommend conducting 
periodic bump tests (adjusting the cooling water inlet temperature under steady-state 
thermal conditions to compare instrumentation reaction time against the theoretical) to 
establish this effective heat transfer coefficient from data as opposed to relying on the 
theoretical value.  
 
Consideration of transient effects may also be required to assess tap-hole health. MacRosty, 
Gerritsen, and Pula (2014) noted the time delay between the start of a tap and it being 
registered by the temperature instruments, and that the temperatures continue to rise after 
the completion of a tap. Furthermore, it was shown that the temperature profile will not 
necessarily reach a steady state during a single tap. Operations that tap continuously or in 
successive batches may reach a steady state and can use this temperature as a key metric for 
predicting refractory condition. Operations that do not tap in this way will have to look at 
other metrics, for example, the temperature rise rate or the long-term trend of the maximum 
temperature reached during a single tap. 
 
A multitude of factors make each operator’s tap-hole a unique system and the interpretation 
of data a challenging task. Fortunately, CFD has been shown to demonstrate good 
correlation between modelling and measured temperatures (Plikas et al., 2005; Gunnewiek 
et al., 1993). This type of modelling can be used to assist operators in understanding how 
changes in temperature measurements may relate to tap-hole condition. Better still is to 
utilize the historical temperature data from previous campaigns and relate the measured 
temperature data to the detailed CFD models. Implementing software systems to automate 
the assessment and provide real-time condition monitoring to the operator is highly 
valuable for maximizing asset performance. 
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Maintenance Practices 
 
Repair Philosophy 
The wear rate of tapping channels can be self-reinforcing.  As the channel wears, metal or 
matte flow rates increase, leading to even higher wear rates.  Regular maintenance of the 
tap-hole can prolong the furnace campaign life and improve the plant operating factor. The 
authors’ maintenance philosophy is focused on maximizing the duration between major 
repairs that require furnace to be offline by performing frequent shallow repairs that can be 
completed with the furnace online. The underlying theory is that by controlling the tap-hole 
diameter in the channel, the flow rate is restricted and the growth rate of the hot face 
entrance diameter (funnelling) is limited. These repairs are facilitated by extending the 
tapping channel, which can be done by equipping the tap-block with extension pieces.   
 

  
 

Figure 7. Tapping channel wear profile. 
 
A sketch of a tapping channel wear profile is shown in Figure 7. As a baseline the authors 
recommend performing shallow repairs at a prescribed frequency based on the number of 
taps, with decreasing frequencies as repairs become deeper. It is important to note that 
adjusting this repair schedule is part of the review and improvement process. The key metric 
that will ultimately be used is the tap-hole diameter or flow rate, not the time passed or 
number of taps. Extending the time between major repairs is the objective, with the ultimate 
goal of timing major repairs to coincide with scheduled plant downtime such that the tap-
hole is no longer critical to the plant operating factor. Data collected from instrumentation, 
tapping practices, and physical observations contributes to optimizing the maintenance 
cycle. 
 
For major repairs the authors recommend a top-down repair by using a lintel to support the 
refractory wall above the tap-hole area. When compared to a repair style that does not have 
inherent wall support, more refractory can be removed and rebuilt at the tap-hole hot face, 
improving the integrity of the installation and safety for the workers. Additionally, it moves 
the refractory tie-in point outside of the metal or matte zone and into the slag zone where 
vulnerability is lower, reducing the risk of failure. 
 
Inspecting and recording the refractory condition during repairs is necessary to validate 
how data is used and to identify blind spots in the online monitoring. Key observations to 
be made during tap-hole maintenance are the tap-hole diameter along the channel and areas 
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of excessive wear or damage. The measurements can be used to calibrate the relationship 
between temperature data and refractory condition and provide useful feedback on how 
changes in tapping practice have affected the refractory condition by comparing with 
historical data. Ultimately, these observations can be used as justification for adjustments to 
the repair frequency. 
 
Maintenance Example 
A PGM producer installed a single refractory tapping module into their tap-blocks. Unlike 
a channel comprised of multiple smaller modules, the single module did not allow online 
shallow repairs and was instead operated until a target number of taps was reached. Once 
the target was reached an offline deep repair was performed, which typically occurred every 
three months. Since shallow repairs could not be performed, the diameter of the tapping 
channel was allowed to increase until the end of the campaign. Multiple premature failures 
were experienced as a result of extensive funnelling at the hot face. 
 
The tapping channel was modified to fit four tapping modules in place of a single module.  
A regimented maintenance programme was adopted. During the shallow repairs the 
diameter of tapping channel was recorded. It was found the diameter was limited to 102 
mm, compared to the previous arrangement and repair methodology where channel 
diameters were in excess of 152 mm. By improving the design and maintenance practices, 
the PGM producer achieved a higher operating factor with an extended campaign.  
 
Proactive Management (Review and Improvement) 
The factors contributing to tap-hole availability, reliability, and safety are numerous. It can 
be difficult for operators to locate and remedy deficiencies; however, the outcomes can be 
highly beneficial: 

• Reducing the safety risk to personnel  
• Extending the time between major repairs sufficiently to schedule with other plant-

related downtime, such that the tap-hole is no longer critical to the plant operating factor 
• Reducing the risk of equipment failure or uncontrolled taps. 

The potential value is demonstrated in Table II. Although both Furnace 2 and Furnace 3 
have higher matte temperatures than Furnace 1, they perform significantly more taps 
between deep (offline) repairs. By identifying and remedying the causes, Furnace 1 may 
improve their operating factor by reducing the frequency of deep repairs. 
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Table II. Comparison of tapping parameters and repair frequencies. 
 

Parameter Furnace 1 Furnace 2 Furnace 3
Number of tap-holes 2 3 3
Matte tapping temperature (°C) 1180 to 1280 1480 1480
Number of taps per day 4 to 6 8 6 to 12
Mass matte per day (t) 20-30 144 180 - 360
Depth of tapping channel (mm) 540 1200 1338

Taphole rotation Tap-holes 
alternated

2 tap-holes 
alternated per 

week

2 tap-holes 
alternated per day

Shallow repairs
Estimated frequency of shallow 
(online) repairs (taps / tons) 60 / 300 60 / 1080 85 / 2550

Deep repairs
Estimated frequency of deep 
(offline) repairs (taps / tons) 160 / 800 300 / 5400 340 / 10200

 
Improvements are facilitated by collecting data, establishing a feedback loop to the risk 
assessment, and continuous reprioritization of operations, maintenance, and design actions, 
as described in Figure 8. Data collected from instrumentation, tapping practices, and repair 
observations provides the inputs required to continually monitor the risk profile and to 
adjust the asset management plan. 
 

 
 

Figure 8. Review and improvement cycle. 
 
Sudbury INO (a nickel sulphide smelter) is a good example of an operation that has used 
an asset management strategy to extend their tap-hole campaign. Thomson (2016) has 
described how Sudbury INO performs risk assessments as part of their Management of 
Change system. A predictive temperature monitoring system that is used to provide 
continuous feedback on tap-hole condition is also described. Recently, with assistance from 
fibre optic temperature monitoring, this system allowed for the identification of design 
changes, tapping practice improvements (physical lance guides), and maintenance schedule 
adjustments that significantly extended the time between major repairs and thus improved 
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the operating factor. Historically, offline repairs were performed every six months. The time 
between offline repairs was extended to a full year, successfully eliminating an annual ten-
day shutdown period.  
 
 

A well-defined asset management plan is the foundation for improving tap-hole operations.  
The features of a successful plan include: 

• Mechanisms for identifying risks and root causes, with an effective preventative plan 
that includes approaches to design, operations, and maintenance 

• Effective collection and use of operating data to continually respond to changing 
conditions and update the risk assessment accordingly. 

 

The success of the asset management system rests on the use of data and evidence to reduce 
reliance on opinions, emotions, and rules of thumb in decision-making. This requires a plan 
and an organization that can respond quickly to data and make rapid and effective decisions 
(Figure 9).  

 

 
Figure 9. A data-driven asset management plan can increase the speed and effectiveness of decision-making. 

 
The structure of the organization is crucial to ensuring that the flow of data from the asset 
to the decision-making entity, and the return of the decision from the entity to the asset, is 
efficient and unobstructed. For success, the asset management plan requires buy-in at all 
levels of the organization. Questions to answer when developing an asset management plan, 
and structuring the organization to facilitate the plan, include: 

• What are the overall objectives and acceptable residual risks? 
• What are the tap-hole key performance indicators (KPIs) and how are they measured? 
• Are the design, technology, as well as operation and maintenance practice appropriate 

and, in combination, being employed most effectively? 
• How, by whom, and in what time steps will the data be collected, stored, analysed and 

reported? 
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• Are all groups and teams in the organization working toward the same KPIs in a 
coordinated fashion?  

• Is there a culture in the organization which is collaborative, trusts the data, and can 
respond quickly to the information? 

• Where are external resources required to fill gaps in technical knowledge or expedite 
the programmes of improvement? 

Hatch is working on adapting the Industry 4.0 philosophy to smelter operations. The key to 
this modernization effort is to maximize the effective utilization of information and data to 
achieve improvements in four key areas: zero harm, ore-to-metal optimization, asset 
reliability, and project delivery.  
 
The principles of Industry 4.0, including connectivity, collaboration, and data-driven 
optimization across all aspects of a smelter, can be applied effectively to furnace tap-holes, 
which in many operations are the highest risk area of the furnace. 
 
A data-driven risk-based asset management system can deliver optimal and sustained asset 
value by improving the operating factor, reducing operating costs, and mitigating safety 
and financial risks. The technologies and strategies presented in this paper can be used as 
part of this system to achieve tangible improvements across the full life-cycle of the tap-
hole. 
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