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ABSTRACT 

Earthmoving projects in mining face persistent challenges to production reliability due to high 

operational variability, changing constraints, extreme weather conditions, and flow instability. 

While Lean thinking has demonstrated benefits in other industries, its adoption in mining 

remains limited and insufficiently documented. This article investigates how a maturity model 

facilitates the adoption of Lean Construction (LC) while explicitly integrating Operations 

Science principles into a tailings dam raising project at the Alpamarca Mining Unit in Junin, 

Perú.  

The research follows a case study approach and applies a structured five-stage method: (1) 

defining the adoption challenge and target maturity; (2) diagnosing the current state using the 

MMDPLC maturity model; (3) establishing realistic evolution targets for the production system; 

(4) experimenting to achieve the target condition through iterative and structured Kaizen events 

and flow-centric diagnostics; and (5) reassessing the achieved maturity using the same 

instrument. After 35 weeks of implementation, most maturity components reached Level 2 

(Formal), supported by improved flow stability, clearer value identification, and a systematic 

reduction in waste. The study provides empirical evidence that maturity models translate 

operations science principles into operational routines in complex and highly variable mining 

environments and motivates replication and evaluation in other types of mining projects. 

KEYWORDS 
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INTRODUCTION 

Latin America possesses significant mining potential and strategic importance in the global 

supply of raw materials. In Peru, mining accounted for 66% of the total value of exports in 2025 

(Ministry of Energy and Mines (MINEM), 2025), solidifying its position as a key pillar of the 

economy. However, this prominence has not been matched by a corresponding development in 
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advanced production management practices, highlighting the need for approaches focused on 

efficiency and waste reduction (Rosas et al., 2011; ADEN Business School, 2026). 

Increasing productivity is one of the main challenges for developing countries, as it explains 

a large part of the differences in per capita Gross Domestic Product (McKinsey, 2013). In this 

context, Lean production emerges as a management approach aimed at maximizing value by 

eliminating waste and reducing variability, principles derived from the Toyota Production 

System (Womack et al., 1990; Womack & Jones, 1996; Shah & Ward, 2007). 

In the construction sector, Lean Construction (LC) has gained relevance due to its results in 

improving productivity performance. However, the literature reports diverse implementation 

strategies, highlighting the absence of a single path (Cano, 2019). In this context, Maturity 

Models (MM) have been proposed as tools to diagnose the state of Lean adoption and identify 

opportunities for improvement (Cano, 2020). Ronceros (2023) conducted a detailed study of 

the MM available in the literature and the relevance of their use depending on the stage of a 

project. This study identified 10 MM, some of which are solely focused on staff interviews, 

others on Lean Construction principles, others on cultural behaviors associated with tools, 

others specifically on the Last Planner System (LPS), and others on LPS, IPD, and Lean culture. 

This article utilizes the Lean Construction Maturity Model for the Development of Principles 

(MMDPLC), which allows for the evaluation of Lean-related behaviors and the generation of 

agile diagnoses during project execution. Furthermore, the method proposed by Ronceros et al. 

(2024), based on structured Kaizen events, is adopted as a mechanism to facilitate the 

progressive implementation of LC in the highly variable mining sector. This approach makes a 

significant contribution to the literature, distinguishing itself from other applications in familiar 

and commonly studied environments such as urban building construction. This article continues 

the line of research initiated by Ronceros (2023) by utilizing his generic five-stage method and 

employing the MMDPLC as a diagnostic tool in an environment characterized by high 

variability due to the extreme climatic conditions and complex geography of the mining project. 

This differs from previous research, such as that by Ronceros et al. (2025) and Perez et al. 

(2021). 

This work aims to analyze how a Lean maturity model can facilitate the adoption of Lean 

practices in an earthmoving project for the raising of a tailings dam in mining, through the 

application of a structured implementation method in a highly variable environment. This is 

due to the extreme geographical conditions of the Alpamarca Mining Unit in the Peruvian 

Andes. In this context, the following research question arises: 

How does a maturity model facilitate the adoption of Lean practices in earthmoving projects 

in mining? 

LITERATURE REVIEW 

While Lean philosophy has been widely applied in manufacturing and healthcare (Ballard, 2000; 

Ballard & Howell, 1994; Koskela, 1992), its adoption in construction and mining has been slow 

and fragmented (Ballard, 2005; De Valence, 2005; Castillo et al., 2015). The mining literature 

reports theoretical applications and case studies in specific operations and projects (Dunstan et 

al., 2006; Klippel et al., 2008a; Klippel et al., 2008b), but studies documenting systematic 

implementations in mining development projects, particularly tailings management projects, 

are scarce (Loow, 2015). 

Although Lean principles are transversal to any industry (Yingling et al., 2000; Dunstan et 

al., 2006) and the concept of waste is directly applicable to mining (Wijaya et al., 2009), some 

fundamental principles emerge that allow for the practical application of Lean principles. This 

is Operations Science (OS), which uses data, models, and principles to optimize workflows and 

resource use. In practical terms, OS involves shifting the view of a project from a schedule of 
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tasks to be executed over time to a production system focused on managing production flows, 

cycle times, variability, identifying bottlenecks, and resource management. 

Castillo et al. (2015) mention that there are significant limitations in applying Lean 

production in the mining industry and, therefore, major challenges to overcome. They also 

mention the need to bridge the gap between the theoretical application of Lean thinking and its 

practical implementation. For this reason, initiatives exist to study the impact of implementing 

lean methodologies in projects with highly variable mining development environments, 

contributing knowledge that promotes the use of this type of thinking in future projects. 

In this sense, Management Models (MM) have been proposed as tools that allow for 

diagnosing the current state of lean adoption and defining evolutionary improvement 

trajectories (Perez et al., 2021). However, diagnosis alone is insufficient if it is not 

complemented by a method that allows for transitioning from the current condition to a desired 

or target condition. 

Thus, Ronceros (2024) propose a method based on structured Kaizen events to facilitate the 

development of lean maturity in the production management of construction projects, which 

can be integrated with different MM. This approach is particularly relevant in Peruvian mining 

projects, characterized by high complexity, interdependence of activities, extreme geographical 

conditions, and high operational variability (Izquierdo & Arbulu, 2008). 

In this context, based on the work of Castillo et al. (2014) and Loow (2015), a gap exists 

between the theoretical foundations of Lean thinking and its practical application in 

earthmoving mining projects. In response to this gap, this article analyzes the impact of the 

progressive adoption of Lean Construction, guided by a Maturity Model (MM) and Ronceros 

(2023) five-stage composite generic method. The principles of Operations Science were used 

in operational decisions to manage construction processes, aiming to identify bottlenecks, 

pinpoint the constraints that generate the greatest variability, and optimize the flow by adjusting 

work cycles in activities with the greatest impact, such as material handling. 

METHODOLOGY 

This study adopts a mixed-methods (qualitative-quantitative) applied approach, using a case 

study in a real mining project. The methodological design corresponds to an intervention-type 

research study, since the authors actively participated in the design, implementation, and 

monitoring of Lean Construction practices in the production system of the work faces, as 

evidenced in Table 1 and Table 2 of the results section. 

 

Figure 1: Research method framework. 
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The methodology is summarized in Figure 1. The first stage involved a literature review to 

select the most appropriate MM. In this study, the Maturity Model for the Development of Lean 

Construction Principles (MMDPLC) was chosen due to its focus on behaviors aligned with LC. 

The model defines six maturity levels (0–5), ranging from the absence of Lean practices (Level 

0), through initial adoption (Level 1) and local standardization (Level 2), formalization (Level 

3), to institutionalization (Level 4) and consolidation as an organizational culture (Level 5). 

A case study was developed in a mining earthmoving project. By adopting the principles of 

operations science (OS), production flows were mapped and cycle times were measured for the 

preparation and placement of material for the tailings dam layers. This information facilitated 

decision-making in the field as part of the action research. Although the results are not 

generalizable, they provide transferable learning. 

CASE STUDY 

This case study corresponds to the Alpamarca Mining Unit project, a subsidiary of Volcan 

Compañía Minera S.A.A. The project is the Alpamarca Tailings Dam Raising – Stage VI-B, at 

an elevation of 4691 meters above sea level (m.a.s.l.), developed to guarantee the operational 

continuity of the Alpamarca Concentrator Plant by increasing the tailings storage capacity. At 

the start of the project, the dam was operational at Stage VI-A (elevation 4689.80 m.a.s.l.), 

making its raising necessary to ensure the continuity of the metallurgical process, extend the 

tailings dam's lifespan, and comply with established hydraulic and geotechnical safety 

standards. 

 

Figure 2: Applied method framework (Adapted from Ronceros et al., 2025). 
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The project began on June 5, 2025, and includes three components: 1) Foundation Improvement, 

2) Raising the Dam to an elevation of 4691 masl and waterproofing upstream, and 3) Hydraulic 

stabilization works. These activities were carried out at an operating mining unit, under the 

variable climatic conditions typical of the high Andean region. This increased the complexity 

and variability of the production system, making the analysis of Lean Construction adoption, 

supported by a maturity model and the principles of Operations Science, particularly relevant. 

The structured method used for the adoption of Lean Construction in this article is a 

continuation of the research by Ronceros et al. (2025), but within the context of a mining project. 

The diagnostic tool for maturity is the MMDPLC (Soto, 2016), and the focus is on facilitating 

the development of Lean maturity for its progressive adoption in the production management 

of the tailings dam raise. Figure 2 shows the general scheme of the method used, adapted from 

the research by Ronceros et al. (2025) for the context of an earthmoving project. This is because 

the first component, foundation improvement, was already underway. Experiences of 

implementing during project execution were reviewed in the literature, this is based on what 

was suggested by Mossman (2018), with the framework of implementation during project 

execution. 

FIRST STAGE: UNDERSTANDING THE CHALLENGE 

In this case, the proposed challenge is the adoption of LC to manage the production system of 

the Tailings Storage Facility (TSF) Raise Project – Stage VI-B (Recrecimiento de la Relavera 

Etapa VI-B). The scope of this adoption aims to ensure that the components of the MMDPLC 

maturity model reach at least Level 2 (Formal). That is, all MMDPLC components must achieve 

at least Level 1 (Initial) within the project’s production system, and those components 

specifically oriented to production management must reach Level 2 (Formal). This constitutes 

the guiding direction for the present case study. 

SECOND STAGE: UNDERSTANDING THE CURRENT STATE 

The project’s technical management operates in a predominantly traditional manner, with a 

conventional organizational structure and only limited traces of LC knowledge or application. 

Reporting to Volcan S.A.A. corporate management is conducted using lookahead-type formats, 

along with a pseudo-analysis of constraints and a reactive identification of causes of non-

compliance. This assessment is supported by the application of the MMDPLC evaluation 

instrument, where the current-state rating is presented in Figure 3. 

THIRD STAGE: DEFINING THE EVOLUTION GOAL 

The third stage defines the Lean maturity evolution objective based on the MMDPLC diagnosis, 

establishing realistic goals according to the team's capabilities, the operational context, and 

project constraints. 

Gaps were identified in collaborative planning, standardization, constraint management, and 

value identification. In the field, cycle times were not controlled, nor were minimum transport 

targets per dump truck defined, resulting in high variability in production. This lack of control 

translated into operational inefficiencies, evidenced by waiting times during loading and 

unloading, as well as unproductive periods during material transport, affecting the flow of the 

production system. 

FOURTH STAGE: EXPERIMENTING TOWARDS THE TARGET CONDITION 

For the Alpamarca Tailings Dam Expansion Project – Stage VI-B, the experimentation stage 

began by prioritizing the MMDPLC maturity approach corresponding to Value Identification 

(see Figure 3). This decision was based on the fact that this dimension is a key enabling element 

for stabilizing the production system, reducing operational variability, and creating the 
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necessary conditions for the progressive and sustainable adoption of more advanced Lean 

practices in later stages of the project.  

In this context, the experimentation was explicitly based on the principles of Operations 

Science, understood as the analytical framework that allows for the design, analysis, and 

improvement of complex production systems characterized by high interdependencies and high 

variability, typical of earthmoving mining projects. Integrating this approach allowed for 

addressing the project's production system, prioritizing the optimization of the overall flow over 

isolated local improvements. 

 

Figure 3: Improvement opportunities within the MMDPLC (Adapted from Ronceros et al., 

2025). 

The experimentation was developed through iterative learning cycles, structured around Kaizen 

events, which facilitated the transition from the current state to the target state defined in the 

previous stage of the method. These cycles were executed by progressively applying the 

following steps: (1) mapping the workflow to understand the sequence of activities, their 

interdependencies, and the sources of variability affecting the system's stability; (2) identifying 

value-adding activities from the production system's perspective, differentiating them from 

those that do not directly contribute to achieving the production objective; (3) identifying the 

system's bottleneck, considering the physical, operational, and organizational constraints that 
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limited overall production capacity; and (4) systematically identifying and eliminating waste, 

such as waiting, rework, overprocessing, and unnecessary work, aligned with Lean principles. 

Figure 4 presents an example of the development of a Kaizen event applied during this stage, 

which demonstrated the evolution of practices associated with the Value Identification 

component, achieving characteristics consistent with a Level 3 rating in the maturity model. 

This same experimental approach was progressively replicated in the different components 

of the MMDPLC throughout the 35 weeks of project implementation, allowing for the 

consolidation of operational learning, strengthening of production management routines, and 

structured progress in the development of Lean maturity for the production system of the 

Alpamarca Tailings Dam Raising Project – Stage VI-B. 

 

Figure 4: Kaizen event development (Adapted from Ronceros et al., 2025). 

FOURTH STAGE: EXPERIMENTING TOWARDS THE TARGET CONDITION 

The fifth stage assesses the maturity achieved in production management after 35 weeks of 

intervention with the MMDPLC, using the same initial instrument. The comparison showed 

that the production-related components mostly reached Level 2 (Formal), with practices such 

as process mapping, bottleneck identification, and improvements to transport routes to reduce 

downtime. Furthermore, the sectorized placement of material was optimized, aligning 

unloading and compaction capacities. 

These results validate the effectiveness of the method proposed by Ronceros et al. (2025) 

in mining environments. In addition, key lessons were identified, such as the consolidation of 

collaborative planning, the systematic use of process mapping, and a greater understanding of 

work levels (TP, TC, and TNC), fostering the internalization of Lean principles. 

RESULTS 

Table 1 and Table 2 show the maturity development of the MMDPLC components in six of the 

eight target conditions achieved during the application of Kaizen events. In the planning 

component, progress was made from level 1 to level 2 through the use of performance indicators 

and the application of Operations Science principles, such as batch theory, promoting the 

division of labor into smaller units and the sectorization of the material placement platform. 

In the standardization component, progress was made from level 0 to level 2, establishing a 

common language for measuring cycle times in production, transport, and material placement. 

Compaction ratios were also standardized, aligned with concepts such as work in progress, 

throughput, lead time, and capacity. 
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Table 1: MMDPLC component maturity levels defined for each condition 

Component/Co

ndition 

Initial Condition Achieved Condition Illustration of the 

Achieved Condition 

Management 

Practices 

Level 1: 

Non-existent 

No rigorous project 

monitoring 

initiatives are 

documented. 

Level 3: 

Established 

The adoption of good 

project management 

practices is encouraged, 

such as monitoring 

through Earned Value 

Management (EVM) 

 

Planning 

Level 1: 

Initial 

Compliance with 

scheduled activities 

is not monitored on 

a week-by-week 

basis, and no 

performance 

metrics are in 

place. 

Level 2: 

Formal 

Week-by-week 

feedback is 

implemented through 

tracking Percent Plan 

Complete (PPC). 

 

Planning 

Level 1: 

Initial 

Execution is guided 

solely by 

instructions 

provided by the 

earthworks field 

technician. 

Level 2: 

Formal 

The execution strategy 

is formalized through a 

work package 

breakdown, 

implemented via 

workface/area 

segmentation 

(sectorization). 
 

Standardization 

Level 0: 

Non-existent 

No target ratios are 

defined for 

execution or for 

hauling material to 

the work fronts. 

Level 2: 

Formal 

Target ratios for all 

project process flows 

are communicated to 

the technical 

management team 

through drawings and 

site walkthroughs. 
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DURACIÓN ESTAIMADA-IEAC(t)
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CALIDAD

0 Equipos

2 Equipos

4 Equipos

6 Equipos

8 Equipos

10 Equipos

12 Equipos

14 Equipos

EXCAV VOLQ CARGADOR TRACTOR MOTONIVEL RETROEXCAV RODILLO CISTER AGUA

8 Equipos

11 Equipos

3 Equipos
2 Equipos 2 Equipos

1 Equipos
2 Equipos 2 Equipos

8 Equipos

14 Equipos

4 Equipos

2 Equipos 2 Equipos
1 Equipos

5 Equipos

2 Equipos
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REAL

PROGRAMADO
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COMPONENTE N°1
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% de Avance por Componente del Proyecto
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Table 1: MMDPLC component maturity levels defined for each condition (continued) 

Component/

Condition 
Initial Condition Achieved Condition 

Illustration of the Achieved 

Condition 

Value 

Level 0: 

Non-existent 

No attempts are 

documented to 

reduce cycling time 

or improve process 

flow within the 

production system. 

Level 3: 

Established 

Standardized templates 

for process flow 

mapping were adopted, 

and cycle times were 

defined for each work 

front. 

 

Capacity 

Building 

Level 1: 

Initial 

No strategies are 

used to manage 

production flow 

efficiently at the 

work fronts. 

Level 3: 

Established 

Improvements to the 

production system at 

the work fronts are 

encouraged, supported 

by diagnostic tools such 

as the Balance Chart. 

 

Culture 

Level 1: 

Initial 

The company 

requires weekly 

constraint analysis 

to be included in 

the reports. 

Level 2: 

Formal 

The work team is 

encouraged to identify 

and remove constraints 

to mitigate variability. 

 

In the value component, level 3 was reached through value stream mapping (VSM), identifying 

value-adding activities and reducing waste. This allowed the team to better understand and 

manage the production flow. 

In terms of culture, progress was made from level 1 to level 2 by consolidating routines 

focused on flow and process, encouraging the identification of value in the production chain, 

Obra:

Fecha: 23/07/25  al   29/07/25

Hora Inicio: 08:00 pm

Hora Final: 04:00 am

Mapeo de Flujo de Procesos Para Transporte de Material Estructural/Value Stream Mapping (VSM)

1 2

00min, 00seg 02min, 25seg 01min, 07seg 02min, 48seg 02min, 47seg 09min, 07seg Tiempo Productivo (A)

00min, 00seg 00min, 17seg 00min, 00seg 01min, 51seg 02min, 07seg Tiempo de Esperas (B)

11min, 15seg

Ciclado

o

Lead Time

(A) + (B)

06min, 37seg
Tiempo de Salida-

Entrada a Cantera
(a+1+b+c)

VALUE STREAM MAPPING (VSM)
Recrecimiento del Deposito de Relaves Alpamarca Etapa VI-B

CICLADO PARA TRANSPORTE DE MATERIAL ESTRUCTURAL DE CANTERA A STOCK PILE

Vol. Solorzano

20 o 15 m3

Salida de Volquete 

Cargado 

TC TP

Cantera/Stock Pail 1

Punto de 

Excavadora o 

Cargador Frontal

Carguio de 
Volquete

Tiemp Activid

d

Transporte de 
Regreso Vacio

Tiemp Activid

c

Descarga de 
Material

Tiemp Activid

b

Transporte 
Cargado

Tiemp Activid

a

Espera Espera

Vol. Solorzano

20 o 15 m3Vol. Solorzano

20 o 15 m3

!

Obra:

Fecha:

Hora Inicio: 08:00 pm

Hora Final: 04:00 am

Actividad Muestreada: Resultados Generales

Descripción de la Muestra:

Leyenda:

Trabajo Productivo (TP) Trabajo Contributorio (TC) Trabajo No Contributorio (TNC)

Por Equipo

Exc N°4 CF N°2 Exc N°6 CF N°3 E F G H I

TP 84% 67% 71% 56%

TC 12% 27% 20% 19% Tiempo No Contributorio (TNC)

TNC 4% 6% 8% 25%

Trabajo Contributorio (TC)

Observaciones y Conclusiones

Trabajo Productivo (TP)

Cod Cod Cod

AM E CT

LZ TI Z

TO R SR

TME PTT C

TZ CV

Cod

CT 186 16%

Z 402 34%

SR 54 5%

C 124 10%

CV 427 36%

1193

Carguio a Volquete

Total

Trabajo Productivo (TP)

Corte de Terreno

Zarandeo

Selección de Roca

Coneo

Carguio a Volquete

Trabajo Productivo (TP)

Corte de Terreno

Zarandeo

Selección de Roca

Coneo

Traslado de Zaranda

Trabajo Contributorio (TC) Trabajo No Contributorio (TNC)

El resultado del estudio de productividad indica que si consideramos que los equipos trabajan 9 

horas efectivas por guardia nocturna. En el caso de la Exc N°4 solo 7.6h realizó un trabajo 

productivo, 1.1h realizó trabajo contributorio y 0.3h fueron horas muertas (desperdicio).  En el caso 

de la Exc N°6 solo 6.4h realizó un trabajo productivo, 1.8h realizó trabajo contributorio y 0.8h fueron 

horas muertas (desperdicio). En el caso del CF N°3 solo 5h realizó un trabajo productivo, 1.7h 

realizó trabajo contributorio y 2.3h fueron horas muertas (desperdicio). Lo cual indica que hay un 

brecha de oportunidad para incrementar la productividad de la CF N°3 y en la Exc N°6..

Espera

Transporte Innecesario

Retrabajo

Paralización por Temas Tecnico

Acumular Material

Limpieza de Zaranda

Traslado de Over

Traslado de Mat. Estruc.

BALANCE SHEET

Recrecimiento del Deposito de Relaves 

Alpamarca Etapa VI-B

Preparación de Material Estructural y Roca en Cantera Capilla

Se realizó seguimiento a la cuadrilla de trabajo para la preparación de material estructural y 

roca. La cuadrilla analizada esta conformado por 02 excavadoras y 02 cargadores frontales

23/07/25  al   29/07/25

84%

67% 71%

56%

12%

27% 20%

19%

4% 6% 8%

25%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Exc N°4 CF N°2 Exc N°6 CF N°3

Equipos Analizados

TNC

TC

TP

79%

5%
2%

13%

0% 0%
0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

Trabajo Contributorio (TC)

Acumular Material Limpieza de Zaranda Traslado de Over

Traslado de Mat. Estruc. Traslado de Zaranda 0

99.5%

0.0% 0.5% 0.0%
0.0%

20.0%

40.0%

60.0%

80.0%

100.0%

Tiempo No Contributorio (TNC)

Espera Transporte Innecesario Retrabajo Paralización por Temas Tecnico

70.0%

18.4%

11.6%

Distribución General del Trabajo 

TP

TC

TNC

Exc N°4 Exc N°6 CF N°2 CF N°3

TNC 0.3 hm 0.8 hm 0.5 hm 2.3 hm

TC 1.1 hm 1.8 hm 2.4 hm 1.7 hm

TP 7.6 hm 6.4 hm 6.1 hm 5.0 hm

7.6 hm
6.4 hm 6.1 hm

5.0 hm

1.1 hm

1.8 hm 2.4 hm

1.7 hm

0.3 hm 0.8 hm 0.5 hm

2.3 hm

0.0 hm

3.0 hm

6.0 hm

9.0 hm

Distribución de Horas Maquina por Guardia

TP TC TNC

16%

34%

5%

10%

36%

0%

5%

10%

15%

20%

25%

30%

35%

40%

Trabajo Productivo (TP)

Corte de Terreno Zarandeo Selección de Roca Coneo Carguio a Volquete

CODIGO DE PROYECTO:

NOMBRE DE PROYECTO

N° SOLICITANTE ACTIVIDAD DEL LOOKAHEAD TIPO DESCRIPCIÓN DE LA RESTRICCIÓN
Se necesita 

para Semana

FECHA 

REQUERIDA

(PROD)

RESPONSABLE

FECHA 

PROPUESTA

(AS)

STATUS OBSERVACIONES

1.00 RESIDENTE EXCAVACIÓN MASIVA EN CIMENTACIÓN Personas Se necesita  Habilitar Personal para operar 27 Maquinarias 27 10/06/2025 SOLORZANO 23/06/2025 POR INICIAR
La habitabilidad en el campamento y el proceso de afilicacion 

del personal  operador de equipos no es la más optima.

2.00 RESIDENTE EXCAVACIÓN MASIVA EN CIMENTACIÓN Equipos Se necesita  Habilitar 27 Maquinarias para iniciar trabajos en la cimentación 27 10/06/2025 SOLORZANO 23/06/2025 POR INICIAR
La habilitacion de las maquinarias en campo es lenta y no 

abastece las necesidades presentes.

3.00
JEFE DE 

PRODUCCION
EXCAVACIÓN MASIVA EN CIMENTACIÓN Equipos Senecesita Tener habilitado las radios para iniciar trabajos a gran escala 26 10/06/2025 Tecnomin/Proyectos 23/06/2025 EN PROCESO 

Para iniciar trabajos con equipos pesados a gran escala se 

necesita tener radios entre vigias y operadores.

4.00
JEFE DE 

PRODUCCION
EXCAVACIÓN MASIVA EN CIMENTACIÓN Información

Se desconoce el nivel de agua (terreno saturado) de la zona de excavacion para la 

cimentación del recrecimiento.
26 09/06/2025 PROYECTOS 20/06/2025 EN PROCESO 

El terreno por excavar se vuelve mas complejo de excavar por 

el %de Humedad, las maquinarias y volquetes no tienen 

acceso libre en esas condiciones.

5.00 RESIDENTE EXCAVACIÓN MASIVA EN CIMENTACIÓN Equipos
Se necesita tener 03 bombas y 02 tableros para instalar sistema de bomba del 

agua que aflore durante la excavación.
26 09/06/2025 Tecnomin/Proyectos 16/06/2025 EN PROCESO 

Se necesita tener equipo de bombeo ubicado estrategicamente 

en los frentes de trabajo de excavacion masiva en cimentación.

6.00 RESIDENTE EXCAVACIÓN MASIVA EN CIMENTACIÓN Espacios

No esta definido el lugar exacto de reubicacion de Bofedales, Top Soil y 

disposicion del boradero a donde eliminará todo el material desechado de la 

excavación

25 10/06/2025 PROYECTOS 13/06/2025 EN PROCESO 

No se puede incrementar operaciones si no se conoce y 

autoriza el lugar exacto donde de reubicacion de Bofedales, 

Top Soil y disposicion del boradero

7.00
JEFE DE 

PRODUCCION
EXCAVACIÓN MASIVA EN CIMENTACIÓN

Amenazas 

Externas

Hay interrupción de la jornada de trabajo por factores climaticos (tormentas 

electricas, Incremento de lluvias) y voladuras en tajo durante la jornada.
27-39 POR INICIAR

Eventos climaticos no predecibles y voladuras que siempre de 

debe hacer para las operacionde de tajo abierto

8.00
JEFE DE 

PRODUCCION
EXCAVACIÓN MASIVA EN CIMENTACIÓN

Amenazas 

Externas
Cambios o deficiencias en la ingenieria 27 PROYECTOS POR INICIAR

Ha ocurrido que el área de excavación de bofedales,cambió 

en pleno proceso de desbroce. Lo mismo puede ocurrir con 

los As Built del recrecimiento.

9.00 RESIDENTE PREPARACION DE MATERIAL ESTRUCTURAL Personas
Se necesita tener aprobado los planes de trabajo para iniciar la jornada nocturna  

en cantera y el equipo necesario para trabajar en horarios nocturnos.
25 12/06/2025 TECNOMIN 19/06/2025 EN PROCESO 

10.00 ING. PRODUCCION PREPARACION DE MATERIAL ESTRUCTURAL Materiales
Se necesita tener 03 zarandas nuevas y en buen estado para iniciar trabajos de 

preparacion en cantera
26 12/06/2025 TECNOMIN 19/06/2025 EN PROCESO 

11.00 RESIDENTE
EXCAVACIÓN MASIVA AGUAS ABAJO EN 

ESTRIBOS 
Personas Se necesita  Habilitar Personal para operar 40 Maquinarias 40 10/06/2025 SOLORZANO 15/09/2025 POR INICIAR

La habitabilidad en el campamento y el proceso de afilicacion 

del personal  operador de equipos no es la más optima.

12.00 RESIDENTE
EXCAVACIÓN MASIVA AGUAS ABAJO EN 

ESTRIBOS 
Equipos Se necesita  Habilitar 40 Maquinarias para iniciar trabajos en la cimentación 40 10/06/2025 SOLORZANO 15/09/2025 POR INICIAR

La habilitacion de las maquinarias en campo es lenta y no 

abastece las necesidades presentes.

13.00 RESIDENTE
ELIMINACION DE MATERIAL EXCEDENTE 

DE EXCAVACION
Espacios

No esta definido el lugar exacto de eliminacion del material desechado de la 

excavación
39 22/09/2025 PROYECTOS 13/06/2025 POR INICIAR

No se puede incrementar operaciones si no se conoce y 

autoriza el lugar exacto donde se eliminará el material 

excedente

14.00
JEFE DE 

PRODUCCION

RELLENO Y COMPACTACIÓN DE 

CIMENTACIÓN (DESMONTE DE MINA)
Información

Se desconoce la especificación tecnica del relleno de desmonte de mina que va ir 

en la cimentación
39 22/09/2025 PROYECTOS 13/06/2025 POR INICIAR

No se puede incrementar operaciones si no se conoce como 

se va colocar el relleno de desmonte de mina en la cimentación

15.00
JEFE DE 

PRODUCCION

RELLENO Y COMPACTACIÓN DE MATERIAL 

ESTRUCTURAL PARA RECRECIMIENTO DE 

DIQUE

Información

EL diseño de talud del nuevo dique proyectado no coincide con los planos As Built 

Proporcionados. Aparentemente se tendria que rellenar y compactar menos de lo 

que indica en el diseño.

39 22/09/2025 PROYECTOS 13/06/2025 POR INICIAR
Se enviaron RFIs para absolver consultas de cruce de 

informacion de diseño de ingenieria y replanteo en campo

16.00 RESIDENTE EXCAVACIÓN EN BOFEDAL Información No se tenia claro sobre la reubicacion de bofedales de la zona central de dique 23 02/06/2025 Tecnomin/Proyectos LEVANTADA

% DE RESTRICCIONES POR SEMANA

N° TOTAL DE RESTRICCIONES (SEMANA ANTERIOR)

N° TOTAL DE RESTRICCIONES

SEMANA: SEMANA 02 SEMANAS ANTERIORES

MAKE READY (7 FLUJOS)

CONSTRAINTS ANALYSIS

RECRECIMIENTO DEL DEPOSITO DE RELAVES ALPAMARCA ETAPA VI-B COTA 4691 msnm
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generating improvements and recognizing team initiatives, rewarding all those who generate an 

improvement proposal. 

Overall, the maturity assessment facilitated the identification of opportunities for 

improvement and the implementation of concrete actions to strengthen the management of the 

production system. 

DISCUSSION AND CONCLUSIONS 

This study was conducted at a mining unit in the Peruvian Andes, located two hours from the 

nearest town and in an environment with extreme climatic conditions, common characteristics 

of mining in Peru. Unlike other experiences documented in the literature, such as those by 

Ronceros et al. (2025) and Perez et al. (2021), where MM are used to implement LC through 

structured methods, these studies are primarily developed in urban environments, such as 

building construction, and tend to focus on models based on the Last Planner System (LPS), 

which is widely studied in the literature. 

This article documents the application of a generic five-stage implementation method, in 

combination with the MMDPLC, in a mining earthmoving project with high variability. The 

results show that the logic for adopting LC is consistent with that observed in building 

construction; however, it requires adapting the concepts to the earthmoving context and 

orienting production control toward the use of machinery, rather than manual labor. This 

constitutes a contribution by demonstrating the application of a maturity model that is rarely 

used in a type of project that is scarcely documented in the literature. 

A key finding of this article is that the Maturity Model (MM) not only serves a diagnostic 

function but also acts as a structuring mechanism that translates Lean principles into concrete 

operational objectives. Furthermore, it allowed for the operationalization of concepts such as 

cycle times, bottlenecks, value identification, and work in progress, facilitating decision-

making based on the actual behavior of the system. However, the results must be interpreted 

considering certain limitations. First, the study is based on a single case study, which restricts 

the generalizability of the findings. Second, the research was conducted using an action-

research approach with high levels of researcher participation, which could introduce biases in 

the implementation and evaluation. 

Despite these limitations, the study provides empirical evidence on the applicability of 

maturity models in relatively unexplored mining contexts. Future work should expand 

validation across multiple mining projects, given that almost all mines in Peru are located in 

similar geographical areas. It should also incorporate metrics and delve deeper into the adoption 

of Lean Construction to improve reliability and performance in highly variable production 

systems. 

From a practical perspective, the results suggest that Lean implementation in mining 

projects should not be approached as the isolated adoption of tools, but rather as a redesign of 

the production system focused on flow management. In this context, controlling operational 

variables such as cycle times, work in progress, and capacity is fundamental to reducing 

variability and improving system reliability. The case study evidence shows that practices such 

as face sectorization, defining production rates, and systematically identifying bottlenecks 

generate more sustainable improvements than the fragmented application of Lean tools. 

This study contributes to bridging the gap between Lean theory and practice in mining and 

demonstrates that maturity models allow for the translation of principles into operational 

practices, improving reliability and performance in highly complex projects. Future research 

should focus on developing higher levels of maturity and evaluating the long-term sustainability 

of clean energy practices. It should also document applications with different mining 

management systems (MMs) that have not yet been used in the literature. This will help 
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determine the suitability and appropriateness of some of these systems for this type of project 

and under the specific conditions of mining projects. 
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