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ABSTRACT

A Virtual Design and Construction (VDC) framework proposal is presented for time
optimization in diamond drilling operations for a mining exploration project. The mining
project is located in the Huancavelica region of Peru and is currently in the underground
exploration phase through diamond drilling drillholes. The geology team uses diamond drilling
samples to estimate the total mineral reserves of the mine, and they have projected 13,278
meters to be drilled. The VDC framework proposal’s application allowed a better understanding
of diamond drilling processes to support the variability source reduction related to equipment,
maintenance and operational tasks. The results showed a time optimization in the diamond
drilling operation of 10%.
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INTRODUCTION

Mining exploration projects focus on generating new prospects and exploring them to locate
and define the ore bodies that lie in them (Marjoribanks, 2010). The present investigation was
conducted in a mining project’s exploratory phase located in the department of the
Huancavelica region of Peru by diamond drilling. This exploratory project aims to estimate ore
reserves by exploring identified veins. The diamond drilling exploration consists of drilling
holes previously identified and approved by the geology department with a specified depth
angle and azimuth. For this project, the drilling depths were an average of 300m long. The
geologists first analyze the cylindrical-shaped rock samples collected from the drilling process
and then send them to a laboratory for further investigation. According to Uvarova et al. (2015),
this exploration campaign is summarized in drilling, collecting, logging, and cutting diamond
cores for laboratories that will analyze them.

For the exploratory activities of the project, a company specialized in diamond drilling was
commissioned. They had two drilling machines of similar size and capacity during most of the
project and worked in conjunction with the exploration department of the mining company.
This department was responsible for indicating the points to be drilled and preparing the
samples for subsequent shipment to the chosen laboratory.
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The drilling company’s operations started in April 2022, and several drilling samples were
obtained during the first 5 months of work. However, the recovered cores' quality was below
the exploration department's standards. It was observed that the drilling speed was higher than
usual, resulting in defective samples. This situation obligated the company to issue an order to
the drilling company to slow down the speed, reducing the number of cores but increasing the
core quality. This order changed the expected production from 20% to only 0.05% over the
monthly target, as shown in Figure 1.

The objective of the exploration campaign of the mining company was to use the cores
obtained between the start of the exploration on April 18, 2022, until October 31, 2022, for
reserves estimation. There was no established metric for the number of cores to be obtained at
the end of the established period. However, considering the minimum goals agreed upon with
the drilling company, 1,100 meters per machine per month, this period should be completed
with at least 13,278.06 meters of diamond cores. Due to the drilling speed reduction, the target
value of 1,100 meters per month was barely reached, resulting in 1,453.01 meters being
executed in the remaining two months.

The literature review revealed several studies on productivity optimization in exploratory
mining projects and diamond drilling operations, but these studies differed considerably. For
instance, Boeksr (1930) proposed a new design of a diamond drilling machine capable of
reaching greater depths and speeds. In contrast, Gao (2021) focused on optimizing time through
a new method of performing depth measurements of diamond drill holes. Another study by
Mustafa et al. (2021) investigated optimizing productivity by controlling drilling parameters to
increase drilling speeds.

To not affect the estimation of mineral reserves, which depend on the exploratory campaigns,
a VDC framework was developed focused on increasing productivity and complying with the
standards of the exploration department.

Virtual Design and Construction (VDC) is a methodology created by the Center for
Integrated Facility Engineering (CIFE) at Stanford University in 2001. According to Del Savio
et al. (2022) and Rischmoller et al. (2018), VDC refers to utilizing multidisciplinary
performance models in design and construction projects. VDC is composed of: Client
Objectives, Project Objectives, Production Objectives (Production Metrics), Controllable
Factors, Integrated Concurrent Engineering (ICE), Building Information Modeling (BIM), and
Project Production Management (PPM) (Del Savio et al., 2022). The VDC components are
summarized in a framework called VDC Framework, which integrates them and enables better
management for developing a project. By fulfilling their controllable factors and production
objectives, the PPM, ICE, and BIM components seek the success of the project’s objectives,
which, consequently, also achieve the client’s objectives since they are directly linked to each
other. According to Rischmoller et al. (2018), process (PPM), organizational (ICE), and
information (BIM) knowledge must be integrated to produce the highly integrated systems
necessary for a high-performance project.

The literature review shows limited examples of the VDC methodology implementation in
mining projects, mainly because its application has been initially focused on the construction
industry. Del Savio et al. (2022), who complied 7 case studies of the VDC application, showed
that this methodology achieves optimization of costs, time, resources, and quality of the projects,
which is why it was decided to apply and demonstrate its potential use and advantages in the
mining industry.

This research seeks to demonstrate the efficacy of the VDC methodology as a viable
alternative for overseeing mining exploration initiatives that involve diamond drilling. By
implementing the VDC methodology, this study aims to highlight how it can optimize the
exploration process, improve the quality of collected data, and ultimately lead to better decision-
making in the mining industry.
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METHODOLOGY

The methodology used for the research development includes collecting data from one of the
project's drilling rigs during the first 5 months of operations from a 7-month project. It was
collected from the daily reports sent by the contractor and entered into a database made for the
exploration progress on an Excel file. The data collected corresponds to the physical progress,
the detailed use of working hours for each shift, and the work processes used. With the
information collected, it was identified the main sources of variability that generated a lower
number of drilling hours. The methodology consisted of developing the VDC framework,
defining its components, establishing the new processes with PPM, and identifying the
variability sources. The corresponding results were obtained for each component of the VDC
Framework.

DATA OBTAINED

The project worked with two drilling rigs during most of the project. Drilling rigs DE-130 and
H-200 models were used, being the H-200 model replaced by a DE-140 model on August 21,
2022. The DE-130 drilling rig, which worked from the beginning of the project on April 18,
was withdrawn on October 12, 2022, leaving only the DE-140 drilling rig until the end. Due to
these circumstances, the data collected that served for the VDC implementation was from the
DE-130 drilling rig, which has complete data for the 5 months before the order to decrease the
drilling speed, and it is with the work of the DE-140 drilling rig that the VDC methodology was
implemented. The drilling rig changes caused a week's loss in which the project lost at least
300m of samples considering the average daily drilling.

April May June July August September

@ Drilling (m) — Average of Drilling (m) — Average of Projected Drilling per Shift (m)
Figure 1: Monthly and daily drilling performance for the DE-130 drilling rig

As shown in Figure 1, the DE-130 rig performed well, surpassing its monthly drilling target of
1,100 meters by 24.59% (except for April 2022, when it started operations). It maintained an
average throughput of 26.65 meters/shift during high-speed drilling months but decreased to
22.46 meters/shift (down 16%) in September 2022, slightly exceeding the monthly target by
0.05%.

Two main variability sources were identified, working in collaboration with the DE-140
team (Figure 2): those attributed to the drilling and mining companies. These variability sources
were identified through the processing of data and the creation of statistical graphs, as shown
in Figure 3. The lost hours were classified by type and then shown on graphs, allowing their
better understanding and effect on the project.
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Figure 2: Introducing the DE-140 team to VDC.

Among the sources of variability attributable to the drilling company shown in Figure 3,
corrective maintenance (maintenance caused by malfunctions of the drilling rig) and operational
delays (delays caused by the drilling team’s operations) stand out, accounting for 10.31% and
10.00% of the drilling hours executed.

Lack of Staff 24 (8.36%)

Corrective Maintenance
133.5 (46.52%)

Operational Delays
129.5 (45.12%)

® Corrective Maintenance ® Operational Delays ® Lack of Staff
Figure 3: Variability sources attributable to the drilling company

The sources of variability attributable to the mining company correspond to the standby times
that are the company's responsibility. The three sources of variability identified and shown in
Figure 4, corresponding to standby, total 82.5h and are equivalent to 6.38% of the drilling hours.

The process flow shown in Figure 5 was obtained by observing the joint work of the mining
and drilling companies and by interviews with the key stakeholders, such as the operations chief
and mine superintendent. A considerably basic process flow is evident in which there is no
differentiation by area involved or integration between them. The process consisted of the
morning and night meetings before the beginning of each shift, finishing with the sending of
the daily report before the next day’s morning meeting.
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Power Cut 22.5 (27.27%)

Voltage Drop
36 (43.64%)

Waiting for Topographers
24 (29.09%)

®\/oltage Drop ® Waiting for Topographers  Power Cut

Figure 4: Sources of variability attributable to the mining company

Beginning of Beginning of Ending of the Sending of
r the Shift the Shift Shift the Report

Figure 5: Work process before VDC

PROPOSAL APPROACH

The work proposal for implementing VDC in the project should focus on meeting the client’s
objective of 13,278.06 meters of drilled cores to estimate reserves. Next, the project's objective
was defined. Focused on implementing time optimization by mitigating sources of variability
to increase production to 14,606.87 meters of core drilled, which is 10% more than the client's
objective. Once the implementation objectives were defined, the PPM, ICE, and BIM
components were designed.

The PPM component, focused on the processes and operation, has as a production objective
the reduction of variability sources to less than 10% of drilling hours and, as a controllable
factor, the review of improvement proposals obtained in the ICE sessions. The ICE component,
focused on the organization, has as a production objective the resolution of 100% of the
improvement proposals by the stakeholders received during its sessions and the number of ICE
sessions performed per day as a controllable factor. Finally, the BIM component, focused on
information integration, was implemented through control dashboards that were connected to
an Excel database, where PPM production objectives are displayed in an interactive and easy-
to-understand manner so that all team members could see updated project information and make
decisions not only in the ICE sessions but also in the field. It had as a production objective the
time to receive drilling reports, which should be <=15 minutes from the departure of the drilling
rig from the mine, and as a controllable factor, the number of dashboard updates per day. The
BIM production objective is due to the time it takes to send the daily reports since they were
only used to record the progress and calculate the valuations. Both reports were sent together
once a day, which caused a delay in the reception and processing of the information.

RESULTS AND DISCUSSIONS

IMPLEMENTATION OF PROPOSAL

The VDC implementation approach is translated into the VDC Framework, which groups the
VDC components in a graphical and interrelated way to fulfill their integration. In addition, it
includes explicit specifications of customer and project objectives, performance measurement,
and project models (Kunz & Fischer, 2020), as seen in Figure 6.
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the stimation of reserves

OP: Had finished the project
with 14,606.87m of cores h

=100%
MICE: #Fullfilled
Proposals/#Received
Proposals

<=10%
FCBIM: #ICE

MPPM1: Corrective
Sessions/Dsay

Maintenances/Drilling Hours

<=15min <=10% A <=10%
’;ZB;’}"’/’J""‘? (’;‘r’,’l h’:e MPPM2: Operational MPPM3: Standby/Drilling
g g0 9 Delays/Drilling Hours Hours
reports
A A
=) =100%
FCBIM: #Dashboard FERBA

Updates/Day Proposals/#Received

Proposals

\

Figure 6: VDC Framework

The VDC Framework allows optimal visualization of the methodology and its implementation.
Likewise, the process flow between the different areas shown in Figure 5 had to be updated
according to the new needs demanded by the proposed VDC implementation, as shown in
Figure 7.

According to the VDC Framework, the updated process flow integrates the different areas,

focusing on productivity by sharing information and reducing query response latency, enabling
decision-making before and during operations.

>=2/day
Endi f | <=15min Corrective —
2 nding of | <= Meeting easure: eginning
priter |Yes i of the Shift

>=2/day
Project D: Performan Corrective
Report aat Nos| Decision |—
Control Update Update Making
Supervision
Supervision \ for Goals
Fullfilment

3 Geological
Explorations Cores | ogging, D
Reception} v Update

Figure 7: Work Process with VDC

PROPOSAL VALIDATION

The project specialists validated the proposal: the exploration director, general superintendent,
project superintendent of the mining company, and the operations manager of the drilling
company. Each one of the project specialists was interviewed to obtain their feedback.
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VDC OBJECTIVES

The specialists stressed the importance of complying with the exploration department's decision
and preventing the drilling team from focusing only on the meters drilled. This could lead them
to increase the drilling speed to meet a physical progress goal.

PPM
The experts agreed that increasing production by mitigating the previously identified sources
of variability was a viable alternative for meeting the objective.

ICE

The specialists agreed and supported disseminating the ICE sessions held during the on-call
sessions. Previously, the agenda of these sessions was the distribution of information on the
work to be performed during the on-call period. With the implementation of the ICE sessions,
information began to be shared with all involved, and decisions began to be made during the
sessions. The main topics of these sessions were the measures to be implemented to lower the
variability shown on the dashboards from the VDC component.

BIM
Before starting the VDC implementation, the stakeholders witnessed the initial development of
the dashboards, as shown in Figure 8. They showed interest in them, even requesting their

distribution to know the project's status. Once implemented, they were aligned with the current
information integration system.

Metros Programados

19/08/2022 - 31/08/2022 372.58
- Metros Perforados
—0
547.95
Horas No Operativas Metros Perforados Diciembre %Avance Fisico Horas de Perforacion Horas Operativas
45.50
Mantenimiento C...
7 (16.28%) nﬂo.oo % _ 143.65
9420 88.71 14707 % 11550 52 OO
0.00 % 150.00 % ’
0.00 94.20 0.00 169.00 0.00 65.00
Disponibilidad Mecanica Errores Operativos Mantenimientos Correctivos  StandBy
85.00 % 433 217
/ 10.83 ,
Errores Operativos
307907 7287 % 3400 700 200
50.00 % 100.00 % 0.00 1322 000 1400 0,00 4.00
Horas Mantenimiento Correctivo Errores Operativos Horas Operativas
30 Dia ®Noche Dia ®Noche
11.00 26.00
2.5 25
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Figure 8: The dashboard for the integration of information

Client’s Objective
The client's target of completing the project with 13,278.06 meters of core was surpassed,
finishing the project with 15,794.20 meters drilled, which is 18.95% above the target.
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Project’s Objective
The project's target of 14.606.87 meters of core drilled was also surpassed by 8.13% above the
target.

PPM, ICE and BIM
The results of the PPM, ICE, and BIM production objectives are shown in Table 1.

Table 1: PPM, ICE and BIM production objectives

Components Production Objectives Objective  Result
Corrective Maintenances Hours

x100% <=10% 9.61%

Drilling Hours
Operational Delays Hours

1009 <=109 18319
PPM Drilling Hours X /o o &
StandBy Hours
———— x100% <=10%  9.03%
Driling Hours
BIM Time for the receiving of drilling reports ~ <=15min 9 min
#Fullfilled Proposals
ICE x100% =100% 100%

#Received Proposals

As shown in Figure 9, the DE-140 drilling rig drilled 2,349.35 meters, exceeding the goal by
6.79% the 2,200.00 meters goal and abiding by the explorations department’s order, while the
DE-130 drilling rig only exceeded its monthly goal by 0.05% (Figure 10). Both DE-140 and
DE-130 drilling rigs worked simultaneously during September 2022.

September Qctober

® Drilling (m) — Average of Drilling (m) —Average of Projected Drilling per Shift (m)

Figure 9: DE-140 drilling rig performance
[1100.50]

September

@ Drilling (m) — Average of Drilling (m) —Average of Projected Drilling per Shift (m)

Figure 10: DE-130 Drilling rig performance in September
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VDC implementation on this project focused on time optimization. With the identification of
each variability source, the project stakeholder discussed and proposed improvement measures
during ICE sessions to reduce those sources of variability. Some of the proposals received
during ICE sessions were related to integrating stakeholders, and some were related to
increasing staff. Considering that some proposals demanded an increasing budget, they had to
be revised and analyzed.

CONCLUSIONS

The VDC implementation helped surpass the client's and project objectives as well as the ICE,
BIM and PPM objectives except for the operational delays vs. drilling hours one. Although the
drilling campaign was projected to be completed above the minimum target due to the
performance in the first 5 months, the DE-140 drill rig, which was the subject of the
investigation, managed to exceed its target by 6.79% for September and October 2022. The
main difference in conditions between the two machines is the number of drilling hours
achieved, with the DE-140 machine having a total of 319 hours of drilling and the DE-130
machine a total of 260 hours, equivalent to a 23% difference between both machines, which
allowed that, despite the presence of the sources of variability, the DE-140 drilling machine
achieved a higher production since its sources of variability were identified and controlled.

It can be concluded that the implementation of the VDC methodology was successful, with
the DE-140 drill rig having shown higher production compared to a similar rig under the same
conditions. In addition, compliance with the VDC production objectives indicates adequate
project progress toward the client's and project objectives.

Finally, further investigation could be carried out considering the automation of entering
information into the database and digitalizing the drilling reports.
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