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RÉSUMÉ 

Nouveau Monde Graphite (NMG) a mis de l’avant des critères de conception innovants liés à sa 
vision carboneutre, la réduction de son empreinte environnementale et l’intégration de la 
restauration pour développer le projet minier Matawinie, soit l’exploitation d’un gisement de 
classe mondiale de graphite qui s’intègre dans son milieu d’accueil. Alors que le graphite joue un 
rôle important dans l’électrification des transports grâce aux batteries lithium-ion, NMG 
déploiera une flotte 100 % électrique pour ses opérations minières – une première pour une 
mine à ciel ouvert. Tous les équipements fonctionnant habituellement au gaz naturel ou au diesel 
seront alimentés grâce à des batteries ou à l’électricité. La conception au niveau de l’ingénierie 
minière requiert la participation de plusieurs partenaires et l’adaptation des modèles 
traditionnels. Une autre des approches apportées par NMG est la gestion des résidus miniers 
filtrés et désulfurés sans digue, en co-disposition dans une halde et dans la fosse. Grâce à 
l’intégration de la restauration dans les critères fondamentaux et initiaux des ouvrages, la 
technique mise de l’avant vise l’atteinte des critères de restauration pendant l’exploitation 
minière. Ainsi, les résidus miniers sulfurés seront disposés en cellules construites à partir des 
stériles miniers. Puis les résidus désulfurés serviront à encapsuler les stériles miniers et les résidus 
sulfurés pour minimiser les risques reliés à la génération de drainage minier acide (DMA). 

ABSTRACT  

Nouveau Monde Graphite (NMG) has put forward innovative design criteria related to its carbon-
neutral vision, the reduction of its environmental footprint and the integration of reclamation to 
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develop the Matawinie mining project, a world-class graphite deposit, which fits into its host 
environment. With graphite playing an important role in the electrification of transportation 
thanks to lithium-ion batteries, NMG plans to deploy an all-electric fleet for its mining operations 
– a first for an open-pit project. All equipment normally running on natural gas or diesel will be 
powered by batteries or electricity. Design at the mining engineering level requires the 
participation of several partners and the adaptation of traditional models. NMG's other 
innovative approach is the management of filtered and desulfurized mine tailings without a dam 
through co-disposal in a stockpile and in the pit. This model integrates mine reclamation into the 
fundamental and initial design criteria. The sulfurized tailings will be disposed in cells constructed 
from the waste rock. The desulfurized tailings will then be used to encapsulate the waste rock to 
minimize risks associated with the generation of acid mine drainage (AMD).  

1 INTRODUCTION 

Nouveau Monde Graphite (NMG) owns 100% interest in the Matawinie graphite property located 
in Saint-Michel-des-Saints, 150 km north of Montréal, Québec. Totaling 319 mining claims over 
17,585 hectares, the property has demonstrated exceptional potential due to its significant high-
purity mineral reserve and low-cost operational model. Skilled workforce, high-quality 
infrastructure, including paved roads and hydroelectricity, as well as the dynamic regional 
business ecosystem provide a robust milieu for the development of the project. 

The primary mission of NMG is to become a leading producer of graphite, anode material for Li-
ion batteries and other value-added graphite products, while having the lowest environmental 
footprint of the industry and with a view to sustainable development for the Upper Matawinie 
region. Graphite underpins countless applicable for renewables energies and cleantech. NMG 
take great responsibility in the privilege of extracting and transforming this resource. NMG have 
built a business model around a vision for a cleaner future. NMG intends to develop a world-class 
operation at its site in Saint-Michel-des-Saints by strategic integration of the mining industry's 
latest technological innovations; all in a perspective aiming at a carbon-neutral project with the 
highest environmental standards.  

In all NMG initiatives for a responsible development, this paper focusses on design criteria for 
the management of tailings and waste rock and the development of an electrical fleet for the 
Matawinie mine project.  

2 RESPONSIBLE MANAGEMENT OF WATER: TAILINGS AND WASTE ROCK 

NMG is a proactive company in terms of protecting the environment, more specifically water 
resources. Water resources are precious and NMG is committed to developing a corporate policy 
stating guidelines applicable to its operation. 

During operation NMG aims to reduce its consumption and reuse any water used. Reduction and 
reuse of water are NMG’s two main goals. To achieve this, all stages of the mining operation: 
drilling, ore processing and others water use have been reviewed to ensure that whenever water 
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is used, no waste is tolerated, and effluent is recovered to maximize reuse. When surplus water 
must be discharged to the environment, NMG ensures the implementation of best practices to 
control the quality of the releases to avoid any water quality degradation. Treatment activities 
aim for complete water recirculation. At the start of operations, NMG accumulates the required 
water in catchment works where possible to minimize pumping fresh water from a lake or from 
underground. During operations, technical studies considered the option of filtering tailings to 
avoid losing large volumes of water in the tailings. Filtering the mine tailings keeps the water in 
the plant and it thus may be re-used in the process. If water quality causes loss of recovery, then 
the water will be treated for recirculation, minimizing its release into the environment and need 
of fresh water. For water containment structures as collecting basin, they will be dug.  

The approach leading to the choice of managing the waste rock and the tailings by in pit and on 
land co-disposal has been studied through a decision-making process and is presented in the 
Environmental and Social Impact Assessment (ESIA) (SNC, 2019a).  

One of the important conclusions related to the choice of tailings and waste rock management 
is that NMG will not build any infrastructure that poses a security risk to community or 
surrounding environment. Concerns were raised during the public consultation and were 
addressed by NMG to respect the best practice and the best technology available.  

The three pillars of sustainable development were considered in the choice of the mine waste 
management strategy (environment, economy, and society) in addition to the technical and 
economic aspects. The following basic criteria were considered: 

• Minimize the project footprint,  

• Optimize water management,  

• Avoid or even eliminate water retention with dams,  

• Minimize the area to be covered,  

• Minimize the number of stockpiles to facilitate water management. 

In addition to the site selection studies and tailings management alternatives, the design of the 
infrastructures related to the management of tailings were carried out to include best practices 
and up-to-date standards concerning the management of mine waste and to limit the generation 
of acidity during operation. To this end, the new standard of the Global Industry Standard on 
Tailings Management has just been published (https://globaltailingsreview.org/) and the concept 
at NMG is consistent with the objectives of this standard, including principle 5: “Develop a robust 
design that considers the knowledge base and minimizes the risk of disruption to people and the 
environment at all stages of the life cycle of the tailings facility, including closure and post-
closure”. 
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2.1  Characterization of mine materials: A critical first step 

To select design criteria based on a sustainable and technical approach, an important initial step 
is to understand the type of materials the mine will have to manage, and what are the potential 
environmental issues. An exhaustive materials characterization was done for Matawinie project. 
The material characterization is also a critical step leading to water-quality modelling. After 
optimization of the co-disposal scenario based on available information, initial predictions of 
future water quality from full-scale co-disposal at the Matawinie Project can be made.  

Based on thousands of samples, total sulfur averages of ore and waste rock of Matawinie project 
is approximately 2.5%S. Geochemical analyses were performed on the five (5) different 
lithologies (Graphitic Paragneiss ore, Mixed Paragneiss, Biotite Paragneiss, Charnockite and 
Meta-Gabbro) encountered on the Matawinie property owned by NMG and on the two (2) types 
of tailings (“desulfurized” or “NAG” tailings and “sulfurized” or “PAG” tailings) that will be 
generated by the mine. Initial characterizations suggested that the Graphitic Paragneiss ore and 
the PAG have the highest sulfur content, mostly as pyrrhotite. Column test results confirmed that 
Graphitic Paragneiss and PAG tailings are Acid Rock Drainage (ARD) generating (Lord et al., 2020).  

Matawinie Graphite laboratory-based kinetic tests were compared with more than 600 kinetic 
rates in the International Kinetic Database (IKD) from around the world 
(http://www.mdag.com/ikd.html). The measured rates of sulfate production and of copper-zinc 
leaching are “average” to “low” within their respective pH ranges.  

Based on laboratory kinetic tests, most of net-acid-generating rock has lag times of several years 
to decades; PAG tailings have a lag time of months; and NAG tailings will not be net acid 
generating. These lag times are much longer or non-existent if exposure to oxygen is substantially 
reduced, which is a key part of ML-ARD1 control.  

2.2 Combine best practices and innovation to set objectives 

Based on the material characterization, NMG has developed a control plan for ML-ARD. NMG will 
desulfurized the tailings to produce two streams. The NAG tailings will have a low content of 
sulfide minerals, primarily pyrrhotite and pyrite, while PAG tailings will contain elevated levels of 
sulfide. The innovative co-disposal scenario for Matawinie include strategic co-placement of 
waste rock and tailings.  

Matawinie PAG tailings will be placed in physically distinct cells embedded in waste rock and 
filtered NAG tailings. The design of these cells and surrounding materials will be optimized to 
minimize risk of ML-ARD effluent, using a new model that overcomes the shortcomings of existing 
and past models. The co-disposal plan incorporates both (1) progressively backfilling the pit as it 
is mined over 25 years (Lamont and MDAG, 2020) and (2) an adjacent and continuous above-
grade pile (SNC-Lavalin, 2019a, 2019b, NRC, 2020). The co-disposal aims to minimize the 

 
1 ML-ARD is an acronym for Metal Leaching and Acid Rock Drainage or, more simply, inorganic water contamination. 
In Canada, the major reference for the assessment and the prediction of ML-ARD is Price (2009), which has been 
referenced and used in several past studies for the Matawinie Project (SNC-Lavalin, 2019). 

https://sonicwall.url-protection.com/v1/url?o=http%3A//www.mdag.com/ikd.html&g=MTMwYzY3NGE0MTQ1NjVlMg==&h=ODI1ZWRhNTNkNDhjYjU0MjI2NzJhYjIxZjNmZjg4YzI4YmZlM2U5YjIyODVkNzYwNmIyOGRjODc1OTk2Y2FlYQ==&p=c3A1Om5vdXZlYXVtb25kZWdyYXBoaXRlOnNvbmljd2FsbDpvZmZpY2UzNjVfZW1haWxzX2VtYWlsOmQ1ZmRlYmVhZTQ0ZjU0NTE4NmY4MDgwNWI3YzEzYzI2OnYx
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production of ML-ARD in the waste rock pile and at the same time safely dispose the dewatered 
mine tailings (Lamontagne et al., 1999). The final goal is to facilitate the final closure of the mine 
site. 

The PAG and waste rock would be net acid generating after different lag times if fully and 
continuously exposed to air. Because there are three materials being co-disposed with one being 
net neutralizing, additional options to the design are available to minimize air entry and sulfide 
oxidation. The basic co-disposal design is a three-dimensional series of relatively small 
depositional areas for PAG tailings in cells, surrounded on the sides and bottom by berms made 
of waste rock, in turn all encapsulated by NAG tailings. The design criteria of the co-disposal 
technique aim to promote long-term physical and geochemical stability of mine waste, including 
minimizing aqueous metals concentrations if water draining through and from the material. 

The conceptual design of a co-disposal cell is shown in Figure 1. Each cell is composed of a pile of 
waste rock with a thickness of 4 m, a PAG tailings layer over a thickness of 1.5 m, and a thickness 
of NAG tailings of 1.5 m above the PAG tailings and of 1 m above the waste rock as covers on top. 
These filtered tailings will be transported by conveyor or truck, deposited, spread, and 
compacted to form a water-unsaturated tailings layer, producing a stable pile usually requiring 
no retention structures such as dams. The bottom of Figure 1a and 1b shows the geometry of the 
2-D model for the simulations. 

 

 
Figure 1a and 1b. Conceptual 1-D design of NMG co-disposal design. 

The primary objectives of co-disposal of tailings and waste rock at the Matawinie project are:  
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• To minimize air entry and subsequent ARD generation within the co-disposed materials,  

• To minimize water entry and flow through the co-disposed materials,  

• To prevent ARD release at the outer boundaries of the co-disposal area. 

Under some conditions, minimization of air entry can entail maximum water entry. Therefore, 
optimization will identify the best balance between the two to prevent ML-ARD release from the 
outer boundaries of the co-disposal area. 

2.3  Modeling acid rock drainage complexity 

An important key-design is to not underestimate ML-ARD chemical reactions area and to capture 
this complexity in the prediction model.  

In ARD prediction, many models simulate air entry into the mined materials based on diffusion, 
which is the absolute slowest rate that could exist. In contrast, there are many processes 
operating in full-scale co-disposal that would cause substantially more air to enter. These could 
cause substantially more ARD generation and transport. Models typically simulate water entry 
and water movement based on capillary-tension unsaturated flow. Based on separate 
simulations of air and water using separate sets of equations, the oxidation of sulfide minerals is 
then calculated using a third set of equations.  

A simple reason why this approach is less reliable is because each phase (air, water, or solid 
minerals) affects the other two phases, sometimes in major ways. These effects can be synergistic 
(accelerating some processes) and antagonistic (slowing some processes) in mined materials. 
Therefore, they should not be simulated separately. Some idea of the true complexity (not 
including sulfide minerals) is presented in Tindall et al. (1999). Existing models for mined 
materials do not simulate this complexity. 

When air is initially transported by very slow diffusion into mined materials with sulfide minerals, 
these minerals consume the oxygen. By consuming the oxygen, the minerals create a partial 
vacuum, which draws in more oxygen faster than predicted by diffusion and accelerates the ARD 
production. Next, the oxidation of these sulfide minerals removes oxygen (O) from the gas phase 
and removes water (H and O) from the aqueous phase. They do this by forming secondary 
minerals containing OH (like iron oxyhydroxides minerals), SO4 (sulfate minerals like alunite), and 
water-of-crystallization (minerals like gypsum). The removal of oxygen creates a partial vacuum 
drawing in more air. The removal of water from the aqueous phase changes the matric suction 
of the unsaturated water, causing changes in water movement. And the creation of secondary 
minerals with relatively large molar volumes (from the extra O and H from air and water) means 
these secondary minerals swell and “break apart” (e.g., Jerz and Rimstidt, 2003). As a result, the 
linked gas-water-solid processes summarized here can modify ARD processes to higher levels 
than predicted by current models.  

Also, coarse waste rock is assumed in models have capillarity and matric suction, to very high 
levels not found in sands and silts. This keeps coarse waste rock from theoretically transmitting 
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water. Above a certain site-specific particle size, the coarse waste rock does not have capillary 
tension, but instead transmits water and air rapidly like an open pipe. This is opposite to the 
common models for mined materials but is important because it can change results. Waste rock 
that was thought to be relatively non-transmitting of water based on existing models can become 
conduits after fully constructed at a site. 

Although these gas-water-solid interactions are complex, a model has been created for 
Matawinie’s innovative co-disposal. The many synergistic and antagonistic effects of the complex 
interactions of air, water, and solid minerals in sulfide mined materials have not been simulated 
in detail before 2019. In 2019, the pure-research branch of the federal government, the National 
Research Council Canada (NRC), recognized the importance of more reliable simulations of co-
disposal of mined materials and of mine disposal in general. NRC has already modelled air-water-
solid interactions and oxidation-heat-convection interactions in waste rock (Liu et al., 2017, 
2018a, 2018b, and 2019; Ma et al., 2018, 2019a, and 2019b). A major objective of NRC is to 
collaborate with Canadian companies. Its mission is “To have an impact by advancing knowledge, 
applying leading-edge technologies, and working with other innovators to find creative, relevant 
and sustainable solutions to Canada's current and future economic, social and environmental 
challenges.” 

NMG is committed to innovative mining and processing at Matawinie and has agreed to 
collaborate with NRC to apply its new, state-of-the-art model to Matawinie co-disposal. To our 
knowledge, this will be the first time a truly complex, multi-phase model will be applied to mined 
materials. Based on information above, we expect this to be “pessimistic” yet “realistic” relative 
to existing models. Ongoing work involves laboratory measurements and on-site testing for 
important site-specific input values. 

2.3.1 Modeling to optimize the design  

The modeling was planned in two phases. Phase 1 covered initial oxygen transport/consumption 
and sulfide oxidation reaction rate (acid rock drainage generation and aqueous concentration) 
modeling. A scenario was modelized by the National Research of Canada (NRC) for on-land co-
disposition consisting of NAG tailings (acting as the primary shield against oxygen entry), PAG 
tailings, and waste rock; and a second scenario with the configuration of NAG tailings over waste 
rock as the above-water-table portion of a pit backfill. The one-dimensional (1-D) modeling 
simulated oxygen diffusion/convection and consumption by sulfide-mineral oxidation and heat 
transfer in the tailings to estimate the oxygen concentration and temperature profiles inside the 
tailings (NRC, 2020a, NRC, 2020b). At the end of the first phase, models were enhanced to include 
two-dimensional evaluation of site-specific waste pile designs proposed by NMG. All the results 
of NRC model are integrated into design criteria, are helpful to use as a decision-making tool for 
deposition plan parameters and will be used to follow onsite behaviour of the Co-Disposal 
Storage Area.  

The 2-D simulations include water infiltration flow, oxygen diffusion/convection and 
consumption by oxidation reactions and heat transfer in the co-disposition cell to get the oxygen 
concentration profile and subsequent acid rock drainage (ML-ARD) generation rate (in these 
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simulations, represented by the sulfate generation rate) within the co-disposal cells. The primary 
objective is to provide design criteria for minimizing air entry and subsequent ARD generation 
within the co-disposition cells. The simulations were conducted using the COMSOL Multiphysics® 
software (COMSOL, 5.4). 

The results of oxygen consumption rate from the parametric studies reflect the sulfide oxidation 
reaction rate in some potential configurations and conditions in one part of the co-disposal 
design at NMG (NRC, 2020c, Cheng et al., 2020). Some findings of the NRC modelling are as 
follows:  

• The co-disposal concept in general can reduce sulfide oxidation reaction rates compared 
with a mixed (un-desulfurized) tailing covering waste rock piles,  

• Water saturation of the tailings has the biggest influence on the co-disposal design,  

• Thickness of the tailings has bigger influence when tailings have lower saturation,  

• When water saturation in the tailings layer is kept above 80%, the NAG tailings layer can 
greatly reduce oxidation reactions inside the PAG tailings and the waste rock,  

• Due to the top layer’s oxygen blocking effect, the oxygen cannot reach the majority of 
PAG tailings inside the pile,  

• Oxygen level in the layers beneath the top cell is close to zero, meaning little to no sulfide 
oxidation occurs in the underlying layers,  

• The highest simulated temperature rise due to sulfide oxidation reactions is about 15–
20°C. Therefore, substantial self-heating and spontaneous combustion are not predicted 
in the co-disposal scenarios,  

• Unlike the layers of co-disposal cells underneath the top surface of the pile, the water 
saturation level inside the NAG tailings on the outer slope plays a critical role on blocking 
oxygen ingress into the waste rock,  

• When water saturation in the tailings layer is below 80%, oxidation reaction rate increases 
with lowering water saturation,  

• Increasing the thickness of the tailings layer can reduce overall oxidation reaction rate.  

2.3.2 Identify risk and issues from the start  

The more issues addressed from the early stage of the engineering studies lead to more reliable 
mitigation measures in design criteria, and thus mainly avoid these issues during operations or 
at closure. One important design criterion different from past mining experiences is that the NMG 
design prevents ML-ARD during the Life-of-Mine. Following the ESIA (SNC, 2019a) and Feasibility 
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study (DRA, 2018), one concern coming from that objective is the time delay in placing tailings 
and waste rock in the co-disposal area. 

Kinetic testing has shown that Matawinie samples with elevated Effective Neutralization 
Potential (ENP) would remain near neutral for years during active oxidation. On the other hand, 
samples with virtually low or no ENP, including the Sulfurized PAG tailings, would become acidic 
a certain lag time after mining and processing. The acidity released by these lag materials in the 
co-disposal area would consume ENP in surrounding materials, shortening their lag times. In 
effect, this creates a complex cascading geochemical trend of onset of ARD within the co-disposal 
area. 

Except for the Desulfurized NAG Tailings, the other mined materials will be mostly net acid 
generating and capable of releasing ARD after various “lag times”. However, this would happen 
only if the materials were already acidic when placed in the co-disposal area and/or significant 
amounts of air continued to flow into the co-disposed materials after placement, which will be 
minimized by the optimization of Matawinie Co-Disposal Design. 

The delay and scenarios have been modeled (SNC 2019a, SNC 2019b, NRC 2020c, Lamont and 
MDAG, 2020). A delay to place waste rock and tailings in the co-disposal are considered for the 
full-scale deposition plan of the Co-disposal Stockpiles and In-Pit Facility to prevent probability 
that the residual water draining from the co-disposal area will be ARD. 

2.4  Testing technologies 

In addition to establishing models for design criteria, NMG have been operating a demonstration 
plant since Q4-2018 in Saint-Michel-des-Saints to qualify products and establish a sale record, 
test, and improve processes for optimised production, recruit, and train employees ahead of 
commercial operations. 

Through its demonstration operations, NMG can validate its process for desulfurization of 
tailings, collects geochemical and geotechnical data and to complete the construction of a co-
disposal experimental cell through a collaborative partnership with Université du Québec en 
Abitibi-Témiscamingue (UQAT).  

Field scale experimental cells were installed on the Matawinie property to calibrate the 
parameters about performance of the co-disposal design primary Objectives Design including 
prevent sulfide oxidation and mine water contamination. Four tests’ cells were installed: 1) an 
experimental co-disposal cell, made up of mine waste rock, NAG tailings and PAG tailings with 
the aim to simulate, on a field scale, the co-disposal scenario allowing the sulfide oxidation 
process to be delayed pending the construction; 2) Two experimental field cells composed 
respectively of sulfide concentrate (PAG) and desulfurized tailings (NAG), built to study their 
geochemical behavior under real conditions and; 3) An experimental field cell, made up of waste 
rock (natural grain size), also to study their geochemical behavior under real conditions (URSTM, 
2021).  
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The following equipment was used for the instrumentation of the experimental cells; probes to 
measure the suction (Irrometer Watermark), the volumetric water content (TEV) and 
temperature (type 5TM from Decagon, type Terros 12) as well as the oxygen concentration 
(APOGEE), have been fitted beforehand on three supports (CO-1, CO-2 and CO-3), which have 
been set up in the co-disposal cell. The configuration and positions of the probes are shown in 
Figure 2.  

 
Figure 2. As-built experimental test-cell. 

In addition to the instrumentation, leachate collections are carried out regularly at the outlet of 
each drain, to determine the chemical composition of the percolation water. Monitoring the 
evolution of these chemical parameters over time will provide information on the geochemical 
behavior of materials inside cells.  

3 DEPLOYING AN ALL-ELECTRIC MINING FLEET  

In line with its sustainability commitment, NMG is advancing the procurement of an all-electric 
fleet powered by renewable hydroelectricity to spearhead a more environmentally friendly 
mining model and to greatly facilitate achieving a carbon-neutral sourcing alternative for original 
equipment manufacturers (OEM) and battery producers. In addition, this project represents an 
opportunity to build a mine as a "global technology showcase" located only two (2) hours north 
of Montreal, Quebec, Canada. 
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3.1 The starting line of all-electric NMG initiative 

To start this initiative, NMG assembled a "Task Force Committee" (TFC) consisting of world-class 
engineering and OEM partners. The TFC's mandate was to brainstorm ideas and alternatives for 
the "all-electric" concept, investigate the maturity of the possible technologies, calculate the 
CAPEX & OPEX impacts on a preliminary basis, and make recommendations. NMG and its TFC 
partners worked in open collaboration with each other to serve the common interest of assisting 
NMG with the implementation of a more environmentally friendly mining operation.  

At first, the mandate was to examine the impact of converting the Matawinie mine operation to 
an "all-electric" project at the pre-feasibility level. NMG and DRA-METCHEM published Pre-
Feasibility Study (PFS) in December 2017, which considered a conventional mining method with 
a diesel fleet. This investigation entailed examining possible all-electric solutions that could be 
feasibly implemented in time for the start of mining operations and to better understand the 
resulting CAPEX and OPEX impact on the project. The partners were ABB (Mine & Plant 
Electrification & Automation, EV Charging), MEDATECH Engineering (Mobile Equipment 
Electrification), DRA-Metchem (Mining Engineering & Design), SNC Lavalin (Tailings and Waste 
Rock Management) and Doppelmayr (RailCon & RopeCon Conveyors). The cutting-edge expertise 
of the members of the TFC group and their determination to lay the foundations necessary for 
the validation of the current approach.  

The TFC identified seven (7) possible "all-electric" alternatives to bring ore and waste rocks out 
of the open pit, to be compared to the PFS scenario of using a diesel fleet to bring ore to a crusher 
located near the processing plant ("off-pit crushing"). A comparative analysis (decisional maturity 
matrix) was performed on all alternatives, which led the TFC to shortlist the following three (3) 
"all-electric" solutions that were evaluated to be similar in terms of ranking and considered most 
appropriate: 1) Off-pit crushing with an all-electric fleet, 2) In-pit crushing with a "hybrid" solution 
that combines the Rail-Con® technology and an all-electric fleet, 3) In-pit crushing with all-electric 
mining truck fleet for hauling waste and ore to their respective destinations. The proposed co-
disposal of tailings and waste rock is a fully integrated solution within the "All-Electric" framework 
and contributes to limiting the project's environmental footprint. Once the final fleet is 
assembled, the co-disposal management will also have to be adapted to the specific constraints 
of the equipment and mining operations.  

The total mine-wide electrical demand of an "all-electric" Matawinie mining concept would be 
120 kilovolts (kV) (https://www.hydroquebec.com/projets/raccordement-nmg/). The success of 
this "all-electric" transformation process within an optimal budget and schedule will depend on 
the participation of mobile equipment OEM. Some of the required mining equipment (e.g., 
electric shovels) are already in a commercial state and will require very few modifications. 

3.2 "All-electric" mine passes the feasibility study (FS) milestone 

Efforts of the TFC led NMG to further refine elements of mining engineering. The Feasibility Study 
NI43101 confirmed that the mine would be an all-electric operation, including ore extraction and 
hauling (DRA, 2018).  
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Based on the work carried out in the FS, the mine will be using an all-electric mobile equipment 
fleet, consisting of electric battery-driven mining trucks, battery-driven front-end loaders, cable 
reel excavators and bulldozers, and battery-driven service vehicles. E-houses and charging 
stations will be provided and will require re-location at various intervals during the mine life. The 
heavy vehicles will be powered by batteries, which will be charged by mobile EV charging 
stations. Most of the charging stations will be moved as required by the development of 
exploitation. It was concluded that for the Matawinie project, the following all-electric operation 
scheme was appropriate with waste rocks (0–750 mm) to be transported from the pit to the co-
disposal storage facility by electric haul trucks, both NAG and PAG tailings to be transported from 
their respective stockpiles by electric haul trucks, backfill material to be transported to the pit by 
electric haul trucks and run-of-mine ore (0–750 mm) to be transported by electric haul trucks to 
electrically crushers.  

 
Figure 3. Feasibility study diesel base case – Estimated % of fleet greenhouse gas (GHG) emissions. 

At this step, it was identified that maintenance intervals of a battery-electric mobile fleet are 
uncertain due to a general lack of reference data available in the industry. The next step should 
focus on negotiations with selected mobile equipment OEM to be partners with NMG in the 
transformation process. The FS also identify that all-electric mining equipment is on the critical 
path of the project; however, this activity could be by-passed using diesel equipment. Following 

Equipment Type Qty. Operation Equipment Details
% of Fleet 

GHG 
Emissions

Production Excavator 2
Main 

Production
70-90 Tonne Class 8.34%

Production Drill 3
Main 

Production
Cable Electric, 4-8-inch 

dia. Bore
14.29%

Hauling 12
Main 

Production
Equivalent of > 60 

Tonne Payload Capacity
34.62%

Tailings Haulage 5
Main 

Production
Equivalent of > 60 

Tonne Payload Capacity
14.43%

Wheel Loader 2
Main 

Production
Fleet Match for Haul 

Truck
6.41%

Tracked Dozer 2 Auxiliary 40 Tonne Class 6.41%

Tracked Dozer 2 Auxiliary 30 Tonne Class 4.58%

Grader 2 Auxiliary 12-14 ft blade 1.10%

Aux. Excavator 4 Auxiliary 45 - 55 Tonne Class 7.33%

Water Truck 2 Auxiliary
Off-Highway Vocational 

Class 8 Truck
0.55%

Loader 2
Operation 

Support
3.20-7.40 M³ bucket 

capacity
0.55%

Tow Haul Truck 1
Operation 

Support
Off-Highway Vocational 

Class 8 Truck
0.18%

Pump 2
Operation 

Support
Dewatering Pump 0.88%

Tower Light 4
Operation 

Support
Remote Work Light 0.11%

Light Trucks 6
Maintenance 

Support
Class 2b Pick-up Truck 0.22%
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the FS Study, NMG has formally committed with the government authorities of the Province of 
Quebec to operate its Matawinie mine as an all-electric operation within the first five (5) years 
of commercial production. This corresponds in fact to the availability of some mining equipment, 
in their diesel-hybrid status, all-electric prototype in the pre-commercial or commercial phase, 
to the progressive electrification of all the equipment of the NMG mining fleet planned for the 
project.  

As a result, the mine sequence and the methods used to extract and transport materials are 
strategic as to mitigate and minimize environmental and social impacts on the surrounding 
communities. This was achieved by incorporating the following aspects into the project design 
criteria as minimizing the volume of ex-pit waste rocks, maximizing haulage in-pit by conserving 
access between phases throughout the life of mine (LOM) when possible and design of haulage 
routes to consider the placement of battery charging stations to increase productivity and higher 
efficiency haulage. 

3.3  Keep going to the final objective 

To achieve this all-electric objective, NMG has assembled an internal high-level technical team, 
bringing together specialists in the electrification of heavy equipment and mine planning sectors, 
as part of its Owner's Team group, specifically dedicated to the planning and management of this 
project relating to the electrification of its mining fleet. 

The objective of this team has been to deploy the technology in a timely manner meeting the 
guidelines set out by the decree. This means demonstratable progress towards a 100% electric 
mine must be achieved year after year. To do this while respecting the risks of deploying the new 
technologies, the team has established a deployment strategy. 

3.3.1 Find the quick wins first 

Without question the light vehicle fleet including light trucks, buses and Class 8 vocational 
machines are the quick wins today for the mining operation. Lighter duty cycles and smaller 
energy storage capacities allow for depot charging overnight and between shifts. The 
infrastructure needed for charging is well established and can be copied from bus fleet operators. 
This equipment has a small impact on the total site energy demand, and it allows us to establish 
the change management principals for the operation early.  
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Figure 4. Technology readiness of electric technologies. 

For the larger equipment hurdles still do exist. Firstly, CAPEX is still very high for off-highway 
electrification technologies as they are at the early stages of commercial deployment. Also, there 
is an ongoing debate as to which technology will be the optimum energy storage medium Lithium 
Batteries versus Fuel Cell (H2) for heavy mining applications.  

Some quick wins still do exist in the larger production fleet. Although less flexible than trucks, 
conveyors are the most energy efficient device for material transport. Furthermore, grid 
connected cable equipment such as excavator and production drills have a long-established 
history in mining. Both conveyors and cable tied equipment are being pursued as part of the early 
adoption strategy for the Matawinie site. 

3.3.2 Deploy and dispatch dynamically. 

The process leading to the transition from diesel to all-electric will be subject to a phased 
approach that will increasingly employ technology as it is commercialized. The initial mining and 
support fleet will be diesel-powered to enable reliable development and start-up of mining 
operations. While diesel-powered, this fleet will employ industry-leading fuel-efficient 
drivetrains and active telematics monitoring to assist continuous improvement in operation and 
fuel efficiency. 
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Figure 5. Work rate by year and process (including mass balance). 

These telematics and dispatch technologies are critical to the transition from diesel where 
removing these machines piece by piece is cost prohibitive. The infrastructure required for an 
electric or fuel cell electric fleet is very costly, and as such these systems should be deployed in 
greater numbers. 

After several iterations of the mine plan, it was discovered that our waste rock and tailings 
management strategy and the deployment strategy for our all-electric trucking fleet was 
intrinsically linked. Using the hauling roads established in the mine planning exercise the 
technical team was able to study the total material movement and the work rate (or energy 
required to move the material) over the first 10 years of operation.  

Results determined that by dynamically dispatching our trucking fleet we could extend its 
autonomy by harnessing gravity and moving waste materials back into the pit. The activity of 
sending an ore truck back to the pit with waste material requires careful planning but it results 
in reducing the average work rate of the fleet and thus improving the autonomy of each 
individual truck. According to this internal study, the opportune timing for the conversion of our 
all-electric trucking fleet is targeted for year 4 as depicted in 3. 

3.3.3 Partner for proof of concept 

Sensitivity analysis of the dynamic dispatch model identified several areas of interest that 
required confirmation from third party analysis. It was determined that changes in ambient 
temperature, road conditions, parasitic loads such as air conditioning the cabin could have an 
impact on the production availability of the battery electric fleet if not considered carefully. 
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Figure 6. NRC-CNRC electric mining vehicle simulation model. 

In order to understand these operational risks further and uncover any additional unknowns 
posed by operating an electric fleet, a proof of concept project was intiated. NMG partnered with 
the Innovative Vehicle Institute (IVI), Propulsion Québec and the National Research Council of 
Canada (NRC), in collaboration with Adria Power Systems, Dana TM4, Fournier et fils to develop 
and test a new electric propulsion system with a rapid recharging infrastructure adapted to heavy 
vehicles in the open-pit mining industry. The project consists of converting a Western Star 
XD6900 to battery electric for test in real world conditions. The prototype is expected to make 
its first real-world test runs as early as spring 2022 at a Fournier et Fils quarry and at the NMG 
site. 

As part of the program the battery lab at NRC provided a detailed simulation analysis of the 
electric XD6900, which the technical team is using to confirm internal analysis and strengthen 
the argument for the feasibility of the technology. Furthermore, the study identified some areas 
which will need further analysis and confirmation during the real world testing in 2022. Things 
like operator input to regenerative breaking could effect simulation results. Road conditions are 
a further area of investigation, which we expect to have a seasonal effect on vehicle performance. 

3.3.4 Matawinie: An international showcase 

With third-party confirmation for the feasibility of a battery electric solution in hand, NMG 
launched in the fall of 2020 an international call for pre-qualification to advance the procurement 
of its initial 60-vehicle fleet. New interest was received from the marketplace and has extended 
our analysis to include fuel cell equipment. Our infrastructure analysis is ongoing both for the 
total fleet power demanded and to understand the nuances of running fuel cell equipment in 
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parallel to quickly add very low carbon emission equipment without requiring increases from the 
hydro company as the project progresses. 

We expect to be making agreements with major suppliers in 2021 that can share the burden of 
switching to an all-electric solution. Partners with the ability to support the project with an initial 
diesel fleet and a plan to replace the same fleet with an all-electric solution are at an advantage.  

4 CONCLUSIONS 

Sustainability was embedded in the Matawinie project by taking into consideration important 
environmental parameters in the initial design criteria to mitigate issues during operations or at 
closure.  

One critical criterion is that the NMG design minimizes ML-ARD during the Life-of-Mine. Based 
on the material characterization, NMG has developed a control plan for ML-ARD. The innovative 
co-disposal scenario for Matawinie includes strategic co-placement of waste rock and tailings.  

NMG has put forward the operation of its mine with an "all-electric” approach that will 
considerably help to achieve carbon neutrality of its operation. NMG has formally committed 
with the government authorities of the Province of Quebec to operate its Matawinie mine as an 
all-electric mode within the first five (5) years of commercial production. This corresponds in fact 
to the availability of some mining equipment, in their diesel-hybrid status, all-electric prototype 
in the pre-commercial or commercial phase and to the progressive electrification of all the 
equipment of the NMG mining fleet planned for the project. 

Best practices and an innovative approach from the start of the project are proactive ways to 
reduce the environmental liability of the Matawinie project. As a result, the mine design criteria 
used by NMG are strategic to mitigate and minimize environmental and social impacts on the 
municipality of Saint-Michel-des-Saints and surrounding communities in a perspective aiming at 
a carbon-neutral project with the highest environmental standards. 
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