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Optimising the construction of concrete walls for mining 
preparation in the Chuquicamata underground project using a 
value stream mapping tool 
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aSRK Consulting(UK) Ltd  

bCODELCO, Chile 

ABSTRACT 

Preparation is key in Panel Caving mines, where the rate of the construction tasks, including civil 
works, is critical to meeting the production schedule. Of these activities, concrete walls can form 
bottlenecks to production preparation and impact productivity. 

In the Chuquicamata Underground Project, the Value Stream Mapping (VSM) approach was applied 
to the entire construction process of a given design of concrete wall. VSM is a tool that enables 
detailed identification of the unit operations in certain processes and, with this, the inefficiencies of 
that process. This article shows the results of the application of a VSM approach to improve the 
productivity of the construction of concrete walls. Through the identification of gaps and the 
establishment of a standard construction sequence, it was possible to increase productivity by 100%, 
from 4 to 8 walls per month in 1 month, with 36% more personnel. Following the completion of this 
initial phase, a significant improvement in construction performance was achieved, with productivity 
increasing from 1 to 3 concrete walls per crew per month within a period of 4 months. 

The critical path of the project experienced improvement, potentially bringing forward the forecasted 
construction milestone by approximately 3 months. This improvement has the potential to increase 
the Net Present Value by around 13 MUSD. The model discussed herein presents a flexible structure 
that could be relatively straightforward to implement in other production preparation tasks. 

1 INTRODUCTION 

Mining projects require high productivity levels 
to mitigate risks and achieve key milestones, 
ensuring project success within established 
timeframes and budgetary constraints.  

The milestones can be common through all types 
of mining projects, such as the beginning of 
production, or activities specific to the mining 
method and type of orebody. In the case of 
caving mines, one of the major milestones is the 
beginning of undercutting, which enables the 
production ramp-up with orebody caving 
(Martinez et al., 2020).  

In Panel Caving mines, construction and 
production activities coexist in the same panel or 
vicinity (Vega & Castro, 2020). 

In this case, the production capacity is dictated 
by footprint width, column height and undercut 
advance rate, which for an advanced undercut is 
dictated by the drawbell construction rate (Van 
As & Guest, 2020) which, in turn, depends on 
the preparation rate. Consequently, the 
productivity of preparation activities (Figure 1) 
plays a critical role in completing construction 
tasks and timely delivery of working areas to 
avoid undercutting delays. 

doi:10.36487/ACG_repo/2435_O-10
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• The pavement roads are located 
throughout all the drives, except for the 
drawbell area; therefore, beneath the cable 

bolts and the Norwegian support frames, 
pavement exists on the ground, even if it is 
not visible in Figure 4. 

• Regarding the Norwegian support arches, 
each unit corresponds to 5 steel rods 
surrounding the perimeter of the tunnel. 

• Each unit of drawpoint corresponds to 3 
steel frames and 1 brow beam (as 
explained in the following section). 

• In the case of the cable bolt, each unit of 
intersection corresponds to the point 
where the drawbell drive and the 
production drive intersect each other (140 
units of cables, each 8 m into rock).
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• Brow beams: These components control 
the angle of material flow and help 
manage wear within the drive. 

• Frame supports: These frames assist in 
regulating the flow rate and provide 
additional reinforcement to the drawpoint. 
In this instance, the frames are constructed 
of steel ASTM A36. 
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Basically, VSM consists of four steps: 

1. Selection of a family of products: in this 
case the concrete walls. 

2. Map of the current state: information is 
taken from the Plan of Day (PoD), a 
concept to be addressed in this section. 

3. Analysis of the map of current state: in this 
case, it is possible to identify waste and 
improvement opportunities. 

4. Map of the future state: at this stage, it is 
possible to define a standard sequence for 
concrete walls, considering the analysis in 
step 3. 

For this case study, there is a potential and 
beneficial use of VSM due to the consistent 
construction steps involved in creating a 
concrete wall, which remain largely consistent 
across multiple cycles. 

2.3 Data collection 

Regarding the tracking of construction steps, 
PoD meetings were held during each shift (2 

shifts/day) to organize the day, ensure resource 
availability, and allocate equipment and 
personnel accordingly. The PoD outlines the 
construction activities scheduled for the shift 
and reconciles the completed activities from the 
previous shift to ensure alignment and identify 
any discrepancies. 

The information gathered from the PoD is 
crucial for understanding the dynamics of 
activities based on resource utilisation, daily 
working hours, and, most importantly, the 
activities undertaken during each shift. This 
meeting serves as a source of information for 
analysing concrete walls and the mapping 
construction process. 

In addition, site visits to extract data from the 
field and collaborative efforts between the 
CODELCO VP and the contractor company are 
also essential for obtaining key insights. The 
PoD provides valuable data that can be used to 
create a matrix (Figure 10) tracking all activities 
related to a specific concrete wall in a given 
location.

 
Figure 10 Matrix of activities for a specific wall obtained from the PoD. 

3 CASE STUDY 

The Chuquicamata Underground Project is 
undergoing a transformation from being one of 
the largest and oldest open pits in the world to 
becoming one of the largest caving mines. 
Located in northern Chile, approximately 13 km 
north of the city of Calama, the project aims to 
extend the Life of Mine by nearly 39 years. It is 
projected to extract over 1,738 million tonnes, 
achieving a production rate of 140 thousand 
tonnes per day (ktpd) over a ramp-up period of 
12 years, with a copper grade of 0.69% and a 
molybdenum grade of 519 ppm. 

To ensure the ramp up of the mine to a 140 ktpd 
target, several contractor companies are engaged 
in the construction, commissioning, and pre-
commissioning of key systems. 

In this context, the project's construction, 
including development and civil works, is being 
carried out by three main contractors, each with 
a specific construction scope, addressing 
different areas in the Mine (Figure 11): 

• CC-010: Civil works focused on part of 
Macroblock (MB) N02/03 and MB 

MB: N03
Galley: 3

Wall location ZJ 12-13 N

Item Date Shift Day/Night State beginning Work Plan Real Unit State final

1 02/12/2021 B2 Day Bolt marked on the rock Cable bolt drilling 0 7 UN Cable bolt drilled

2 06/12/2021 B1 Night Messy and dirty area Housekeeping 1 1 Gl Housekeeping 

3 07/12/2021 B2 Day Bolt marked on the rock Cable bolt drilling 6 6 UN Drilling in process

4 07/12/2021 B1 Night Survey pending Survey 1 1 Gl Survey ready

5 07/12/2021 B1 Night Cable bolt drilled Survey check to continue with next activity 1 1 Gl Survey check done

6 10/12/2021 A1 Day Survey Cable bolt drilling 24 32 M Cable bolt drilled

7 12/01/2022 A1 Night Stripping drilled Develop the stripping 1 1 UN Stripping ready
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S02/03, and excavation tasks in MB 
N01/S01. 

• CC-111: Concentrated on zones MB 
S02/03/04, primarily engaged in 
development, ore handling system 
infrastructure, and civil works. 

• CC-110: Centered on zones MB 
N02/03/41/42, primarily involved in 
development, ore handling system 
infrastructure, and civil works. 
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• Contributory activity: These are activities 
that directly add value to the construction 
process, resulting in physical advances in 
construction. 

• No contributory activities: These activities 
are necessary for the workflow but do not 
directly add value to the construction 
process itself. An example is addressing 
construction details that deviate from the 
standard quality required. While this task 
does not inherently add value to the 
process, it is necessary to ensure the final 
quality of the wall. 

• Downtime: These are activities where the 
resources allocated to the construction of 
the wall are not being utilised effectively. 
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• Minor excavations and rectifications 
during the construction of the wall. 

• Installation of the inner mesh in four 
different operations. 

• Installation of the cable drill rig in three 
different operations. 

• Repetition of survey in more than one 
operation when this activity should be 
done only once at the beginning of the 
process. 

• Three different operations for anchor bolt 
grouting. 

• Sub-operations for installation, grouting, 
and tensioning of cable bolts. 

• Sub-operations running in parallel with the 
rest of the construction sequence causing 
interactions between activities due to 
limited physical space, resulting in process 
inefficiencies. 
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• drill rig 
• jumbo 
• telehandler 
• crews 
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• PoD: This tool, as explained earlier, 
allows for short-term monitoring of 
concrete wall performance, proper 
allocation of crews and equipment, and the 
execution of tasks outlined in the action 
plan. 

• Obeya meeting: This strategic weekly 
meeting ensures the availability of 
resources for the operational weekly plan, 
evaluates the reconciliation of the weekly 
plan, evaluates the causes of non-
compliance, and identifies and manages 
main interferences. 

• Problem Solving Approach (PS): This 
technique is utilised to address problems 
through root cause analysis, identification 
of countermeasures, and standardisation of 
processes. 
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• Completion of the contractor's tasks 
outlined in the action plan (Figure 21), 
facilitated through strategic meetings and 
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workshops conducted with the team 
(including both contractor and CODELCO 
VP). 

• Better understanding of the process, 
resulting in reduced repetition of activities 
compared to the previous status. 
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