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Planification stratégique pour la restauration progressive  
des sites miniers opérés par TSMC dans la région de Schefferville
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NOTE AU LECTEUR

Ce plan stratégique est un document phare servant à 
planifier les activités de restauration écologique sur les 
différents sites miniers opérés par TSMC dans la région de 
Schefferville. Ce document se veut un outil de consultation 
utile à l’usage des communautés et des gouvernements.

Ce document n’est pas le plan de fermeture de TSMC.  
Les communautés locales devront être consultées 
préalablement à la production du plan de fermeture. TSMC 
s’est engagé à restaurer ses sites en collaboration étroite 
avec les communautés locales. TSMC ne demandera pas 
d’être libéré de ses responsabilités tant que le travail de 
restauration ne sera pas effectué à l’entière satisfaction des 
communautés locales.
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MISE EN CONTEXTE ET ENJEUX

2017 marquera pour TSMC la mise en service de plusieurs nouveaux gisements. Cette 
accélération de la cadence de production vient avec son lot de défis à relever pour l’équipe 
environnement, incluant la restauration progressive de ses différents sites. Le programme 
de restauration progressive doit être mis en œuvre pour réduire l’exposition des sols à 
nu, diminuer la production de poussières, restaurer les fonctions des écosystèmes et 
préserver la qualité de l’eau provenant des haldes et des fosses.

Ce plan stratégique définit les assises nécessaires pour la restauration progressive des 
différents sites miniers opérés ou qui seront opérés par TSMC durant toute la durée de 
ses activités minières de même que lors de la fermeture du projet. Ce plan stratégique 
supporte l’équipe Environnement et Permis de TSMC pour évaluer les priorités de 
restauration, former les équipes nécessaires, définir les meilleures approches de restauration 
et méthodes à utiliser et définir un calendrier réaliste de restauration progressive.

Ce plan stratégique décrit également les actions de restauration déjà entreprises par 
TSMC (Section 6) en collaboration avec les Universités Laval et McGill, T2 Environnement 
et Viridis Terra Innovations de même qu’avec la firme Earth Alive Clean Technologies inc..



2        

Il est essentiel de ne pas sous-estimer la complexité 
de la planification et de la gestion d’un projet de 
restauration de cette envergure. Le complexe minier 
est vaste, comprend plusieurs installations et la 
restauration exige de considérer simultanément 
différents enjeux environnementaux. Les travaux de 
restauration doivent de plus être réalisés de façon 
progressive, ce qui ajoute un niveau de complexité 
supplémentaire à la planification des travaux. Rien 
ne doit être laissé au hasard, les principes suivants 
devant être respectés en priorité :

•	 Les priorités et les cibles de restauration doivent 
être définies dès le départ, en collaboration 
avec les différentes équipes de TSMC qui seront 
impliquées dans la planification et l’exécution des 
travaux de restauration (équipes environnement, 
ingénierie, relation avec le milieu, gestion, etc.).

•	 L’équipe d’ingénieurs chargée de la conception 
et de l’opération des haldes et des fosses doit 
être consultée au début du projet de restauration 
afin d’intégrer les approches et les contraintes 

associées à la restauration progressive des rejets 
miniers. Cette façon de faire minimisera les frais 
de production à long terme, facilitera la réalisation 
des travaux de restauration et permettra de 
diminuer les coûts totaux de restauration du site 
d’ici la fermeture du complexe minier. 

Les attentes et les exigences des différents paliers 
de gouvernement pour la restauration des sites 
doivent être connues et respectées.

•	 Les attentes des communautés locales doivent 
être connues et considérées dans le choix des 
sites à restaurer et des méthodes à utiliser. Les 
communautés locales doivent également être 
impliquées dans la mise en œuvre des travaux 
de restauration.

•	 Plusieurs options de restauration doivent être 
étudiées, intégrant notamment les potentiels 
et les contraintes des sites, les exigences 
gouvernementales et les coûts associés à chacune 
des options étudiées. 
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•	 L’option ou les options de restauration sélection
nées doivent permettre d’atteindre le but et les 
objectifs fixés par TSMC pour la restauration 
de ses sites (consulter la section 2 pour plus de 
détails à cet égard). 

•	 La mise en place des différents projets de 
restauration doit être exécutée par étape, avec 
la mise en place de projets pilotes à moyenne 
échelle servant à tester l’efficacité des différentes 
méthodes de restauration préconisées avant 
d’entreprendre les travaux à plus grande échelle.

•	 Un solide esprit de collaboration doit être instauré 
dès le départ entre les différentes équipes chargées 
de la restauration des sites. Par exemple, afin de 
développer des méthodes de restauration adaptées, 
les chercheurs impliqués doivent connaître et 
intégrer à leurs travaux de recherche les réalités 
associées autant aux objectifs de restauration 
qu’aux contraintes logistiques, techniques et 
budgétaires de TSMC. Dans le même ordre d’idées, 
l’équipe responsable d’exécuter la restauration 

doit connaître la portée et la finalité des travaux 
de recherche réalisés par les différentes équipes 
de chercheurs.

Les technologies et les approches de restauration 
qui seront préconisées par TSMC devront respecter 
les objectifs de restauration présentés à la Section 2.  
La sélection des approches de restauration de 
même que leur mise en œuvre à moyenne et grande 
échelle seront accomplies par les différentes équipes 
présentées à la Section 3, en collaboration avec 
des partenaires stratégiques. Les sites qui seront 
restaurés, l’étendue prévue des travaux de même 
que le calendrier préliminaire de restauration sont 
pour leur part présentés à la Section 4. De façon 
non exhaustive et préliminaire, les contraintes, les 
approches de restauration les plus prometteuses et 
les outils à préconiser sont présentés à la Section 
5. Les actions visant à restaurer les sites miniers de 
TSMC qui ont déjà été entreprises ou qui le seront 
dès 2017-2018 sont pour leur part dévoilées à la 
Section 6. La Section 7 présente finalement les 
grandes étapes qui seront respectées pour mettre 
en œuvre le programme de restauration.



OBJECTIFS DE  
RESTAURATION
Un programme de restauration ne peut être 
mis en place sans en définir clairement les 
objectifs. Ceux-ci doivent être définis dès le 
départ, connus et adoptés par l’équipe de 
direction de même que par tout le personnel 
de TSMC, les consultants et les chercheurs 
impliqués dans la restauration du site de 
même que par les communautés locales. 
Ces objectifs doivent être considérés lors 
de la sélection et de l’implantation des 
approches de restauration. Ils doivent être 
continuellement revisités tout au long de la 
durée de l’implantation du programme de 
restauration, et au besoin modifiés s’ils ne 
répondent plus aux attentes de TSMC ou 
des autres parties prenantes concernées. 

4        
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Les objectifs de restauration suivants doivent 
être considérés pour le développement et la 
mise en œuvre du programme de restauration :

•	 L’apport d’intrants organiques et minéraux 
onéreux en transport doit être minimisé et 
si possible évité ;

•	 La restauration doit être progressive et la 
planification en amont dans le but de réduire 
les coûts totaux de restauration des sites d’ici 
la fermeture ;

•	 La restauration doit viser la reconstruction 
accélérée, de façon fonctionnelle et durable, 
des écosystèmes naturels ;

•	 Les sites restaurés doivent être durables 
et requérir un minimum d’entretien dans le 
temps ;

•	 Les approches de restauration préconisées 
doivent permettre un bon contrôle de la 
qualité des eaux de surface et souterraines 
en provenance des haldes et des fosses en 
fin d’opération ;

•	 Les approches de restauration préconisées 
doivent permettre un bon contrôle de l’érosion 
hydrique et éolienne en provenance des 
haldes et des fosses en fin d’opération, plus 
particulièrement pour les sédiments ferreux en 

suspension causant une coloration rougeâtre 
dans l’eau (colloïdes), de même que pour les 
poussières ;

•	 Les méthodes de restauration sélectionnées 
doivent être compatibles et complémentaires 
avec les programmes de protection de la faune 
déjà mis en place (hirondelle de rivage) ou 
qui pourraient l’être ;

•	 La restauration des haldes et des fosses doit 
être opérée à coût abordable comparativement 
à d’autres méthodes de restauration utilisées 
dans les régions nordiques ;

•	 Un projet pilote doit être développé dès 2017 
afin de tester et comparer les méthodes de 
restauration les plus prometteuses dans une 
combinaison de climats, de sols et de sites ;

•	 La restauration doit être mise en œuvre par 
étapes afin de bénéficier des résultats générés 
par le projet pilote ;

•	 Les sites restaurés doivent répondre aux 
besoins et aux attentes des gouvernements 
provinciaux (Québec et Terre-Neuve) et 
fédéral ;

•	 Les sites restaurés doivent répondre aux 
besoins et aux attentes des communautés 
locales.
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LES RESPONSABILITÉS ADMINISTRATIVES, 
SCIENTIFIQUES ET TECHNIQUES

3.1	 TSMC

Un programme de restauration de cette envergure ne peut être mis en œuvre sans la 
participation étroite de ressources clés au sein de TSMC. TSMC prend ainsi l’initiative 
d’allouer toutes les ressources humaines et matérielles nécessaires à l’avancement de ce 
projet phare. L’équipe environnement de TSMC fournit les efforts de gestion nécessaire 
à l’administration, au financement et au suivi budgétaire du projet de restauration. 
Parallèlement, les techniciens de TSMC assurent le suivi et les audits terrain nécessaires 
pour juger de la qualité des ouvrages de restauration et de l’avancement du projet 
selon les échéanciers préétablis. Les ingénieurs de TSMC responsables du design des 
fosses et des haldes à stériles sont impliqués dès le début du projet afin de s’assurer 
que les méthodes de restauration sont en phase avec les contraintes géotechniques. 
Finalement, l’équipe environnement s’assure de transférer les résultats du programme 
de restauration aux autres unités de TSMC, aux différents paliers de gouvernement, 
au Groupe Tata, aux communautés locales de même qu’à la population en général.

TSMC fournira également l’équipement à sa disposition (équipements lourds, 
équipements de transport, pompes et autres équipements associés) pour préparer 
les sites et assister à la plantation et à l’irrigation.

Cette section 

présente les 

différentes équipes 

responsables de 

la mise en œuvre 

du projet de 

restauration des 

différents sites 

opérés par TSMC.
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L’équipe relation avec le milieu de TSMC a le rôle 
essentiel de consulter les communautés locales 
sur les enjeux locaux associés à la restauration des 
sites. Elle récolte ainsi le savoir local associé aux 
processus naturels de restauration des écosystèmes, 
développe des partenariats avec des ressources et 
des entreprises locales intéressées à travailler dans 
le domaine de la restauration écologique et assure 
un transfert de connaissances au niveau local.

3.2	 T2 ENVIRONNEMENT ET  
	 VIRIDIS TERRA INNOVATIONS

T2 Environnement a été sélectionné par TSMC 
pour coordonner la mise en œuvre du projet de 
restauration. Les experts de T2 Environnement 
travaillent sur les différents sites miniers depuis 
maintenant plus de 10 ans. Ils y ont réalisé une multitude 
d’inventaires biophysiques et ont cartographié la  
flore et les écosystèmes de la région. Les experts de  
T2 Environnement ont également coordonné la 
production de plusieurs études d’impacts pour les 
différents projets et ont produit ce plan stratégique. 
Viridis Terra Innovations est pour sa part spécialisée 

dans le développement de technologies de 
phytorestauration minière à faibles intrants sur 
mesure spécifiques aux sites et aux besoins de 
ses clients. Elle a participé à la production du plan 
stratégique.

En collaboration serrée avec TSMC, T2 Environnement 
et Viridis Terra Innovations sont chargées de développer 
et de mettre en œuvre des technologies de pointe 
à faibles intrants pour restaurer les sites opérés par 
TSMC afin de leur redonner des fonctions écologiques 
et d’assurer leurs usages traditionnels par les 
communautés locales. Une courte description des 
méthodes de restauration écologique prometteuses 
pour les sites de TSMC est présentée à la Section 5.

T2 Environnement et Viridis Terra Innovations sont 
en charge de préparer les sites à restaurer, de se 
procurer à coût concurrentiel les intrants nécessaires 
à la restauration, de coordonner les travaux avec les 
autres équipes présentes sur le site, de procéder 
aux travaux de phytorestauration et de mettre en 
œuvre le monitorage et le suivi du succès de la 
reprise de la végétation.

3.3	 UNIVERSITÉS LAVAL ET MCGILL

Sous la responsabilité des professeurs Damase P. 
Khasa (Université Laval) et Charles Greer (Université 
McGill), une équipe de recherche a été formée afin 
d’isoler, d’identifier et de tester les microorganismes 
symbiotiques qui auront le plus d’impacts bénéfiques 
sur la croissance et la survie d’arbustes typiques des 
écosystèmes nordiques de la région de Schefferville. 
Le projet de recherche développé par cette équipe de 
chercheurs est décrit à la Section 6. Les découvertes 
de l’équipe de recherche seront par la suite testées 
à moyenne échelle dans le cadre de projets pilotes 
mis en place par TSMC, T2 Environnement et Viridis 
Terra Innovations.

3.4	EARTH ALIVE CLEAN 			 
	 TECHNOLOGIES

Earth Alive Clean Technologies développe et distribue 
des produits microbiens sains pour l’environnement. 
Son activateur de sol sera testé au site de DSO3, 
conjointement avec les isolats développés par 
l’Université Laval.
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ÉTENDU DES TRAVAUX  
DE RESTAURATION ET  
SITES À RESTAURER 
Les travaux de restauration contenus dans le 
plan stratégique couvrent les éléments suivants :

•	 la restauration des haldes de stériles ;

•	 la restauration des haldes de mort terrain ;

•	 la restauration des fosses en fin d’opération ; 

•	 le contrôle de la qualité de l’eau provenant 
des haldes et des anciennes fosses ;

•	 la stabilisation, la restauration et le contrôle 
du drainage des bords de chemins actifs, des 
fossés et d’anciens chemins d’accès.

Les résidus miniers (ancienne fosse Timmins 2) ne sont 
pas inclus dans la présente stratégie de restauration. À 
la fin de la vie des projets DSO, un plan de fermeture 
spécifique sera développé et inclura la gestion des 
résidus miniers. Les méthodes développées pour 
la restauration écologique des haldes et des autres 
fosses pourront sans aucun doute être adaptées et 
utilisées pour la restauration de la fosse Timmins 2,  
une fois comblée de résidus.

La séquence de mise en service et de fermeture 
des différents sites de TSMC est présentée dans 
le tableau qui suit. Les travaux de restauration 
progressive devront être exécutés en conséquence. 
Cette séquence pourrait être modifiée par TSMC, en 
fonction des réalités observées sur le terrain et du 
plan d’opération minière.
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SECTEUR DSO3

TIMMINS 3 N AF* 2020 AF 2021 AF 2022

TIMMINS 4 AF 2015 AF 2018 AF 2019

TIMMINS 7 AF 2016 AF 2018 AF 2019

FLEMING 7 N AF 2016 AF 2022 AF 2023

SECTEUR DSO 4 — TERRE-NEUVE / LABRADOR

KIVIVIC 1 AF 2016 AF 2028 AF 2029

KIVIVIC 2 AF 2016 AF 2025 AF 2026

KIVIVIC 3 AF 2018 AF 2022 AF 2023

KIVIVIC 4 AF 2018 AF 2028 AF 2029

KIVIVIC 5 AF 2018 AF 2028 AF 2029

Secteur DSO 4 — QUÉBEC

GOOWOOD AF 2018 AF 2027 AF 2028

SUNNY 1 AF 2030 AF 2030 AF 2030

SECTEUR HOWSE

HOWSE AF 2017 AF 2032 AF 2033

ASSOCIÉES OPÉRATIONS
LA REMISE DU PLAN DE  

RESTAURATION DÉTAILLÉ
FERMETURE

* AF : Année fiscale de TSMC, soit du 1er avril au 31 mars

CALENDRIER D’OPÉRATION DE TSMC ET DATE LIMITE POUR LA REMISE  
D’UN PLAN DE RESTAURATION DÉTAILLÉ POUR CHAQUE SITE

Tableau 1 



10        

ENJEUX ET MÉTHODES  
DE RESTAURATION
5.1  ENJEUX 

Plusieurs enjeux clés doivent être considérés 
avant de sélectionner les méthodes les plus 
prometteuses pour la restauration des haldes 
et des fosses opérées par TSMC. C’est en 
considérant les enjeux suivants que TSMC sera 
en mesure de développer ses approches de 
restauration :

L’éloignement
Schefferville est située à 530 km à vol d’oiseau de 
Sept-Îles. Aucune route ne dessert le site minier 
de TSMC, seule une voie ferrée, principalement 
réservée aux convois miniers, permet d’accéder 
au golfe du Saint-Laurent et au réseau routier 
adjacent. Les intrants (en particulier la matière 
organique) sont difficilement disponibles à 
moins de payer d’importants coûts en transport. 
Il est donc essentiel d’utiliser des méthodes de 
restauration dites à faibles intrants, c’est-à-dire 
nécessitant un minimum de matière organique, 
d’engrais ou d’irrigation.

Frais engagés
Les méthodes sélectionnées devront être 
économiquement abordables puisqu’elles seront 
mises en œuvre sur de grandes superficies. Bien 
qu’économiquement durables, les méthodes 
sélectionnées doivent répondre aux attentes 
des communautés locales à l’égard de la 
restauration des sites.

L’écologie du site
Plusieurs zones écologiques différentes et 
microclimats sont présents dans la région de 
Schefferville. La forêt subarctique, ou taïga est 
généralement présente sous la barre des 650 m 
d’altitude. Comme pour tous les écosystèmes 
arctiques, le vent joue un rôle important dans la 
distribution et la composition des écosystèmes 
terrestres. L’orientation des pentes influence 
également la distribution des écosystèmes. 
Il n’est par exemple pas rare d’observer des 
écosystèmes forestiers au-dessus de 650 m sur 
des versants sud-ouest peu exposés au vent. 
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ENJEUX ET MÉTHODES  
DE RESTAURATION

En comparaison, les écosystèmes situés au-dessus 
de la barre des 650 m sont majoritairement 
dominés par la toundra alpine. Aucun arbre n’est 
présent, mis à part des épinettes arbustives 
(Krummholz) fortement déformées par le vent. 
Même les arbustes et les plantes herbacées ont 
de la difficulté à croître sur les sites toundriques 
les plus exposés au vent, leur présence se 
limitant aux petites dépressions.

L’épaisseur et le drainage des dépôts de 
surface jouent également un rôle central dans 
la distribution des écosystèmes. Les sols minces 
ou les affleurements rocheux sont très secs et 
peu fertiles, tandis que les sols épais à texture 
moyenne retiennent davantage l’eau et sont plus 
fertiles. Finalement, des milieux humides aux 
sols riches se trouvent dans des dépressions 
ou le long de cours d’eau ou de lacs.

Le choix des méthodes de restauration doit être 
modulé en fonction du climat, de l’épaisseur des 
dépôts et du drainage. Les conditions écologiques 

qui prévalent dans les écosystèmes naturels 
environnants doivent ainsi être reproduites le 
plus fidèlement possible sur les sites dégradés 
et les espèces végétales choisies avec attention 
pour que le projet de restauration soit un succès. 

La courte saison de croissance des végétaux 
doit également être considérée dans la mise 
en œuvre des méthodes de restauration qui 
seront sélectionnées. Cette fenêtre temporelle 
réduite implique la nécessité de mettre en place 
une logistique détaillée et efficace pour la mise 
en œuvre des techniques de restauration en 
saison propice.

La toxicité et les sources possibles  
de contaminants
TSMC réalise de façon régulière des analyses 
physicochimiques de la qualité des rejets miniers 
et des eaux sur tous ses sites. Les stériles et 
les morts-terrains des différents sites miniers 
opérés par TSMC ne sont pas acidogènes et 
donc non susceptibles au drainage minier acide. 
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Aucune substance toxique n’est utilisée en grande 
quantité pour l’opération des fosses et des haldes. 
Seuls des résidus d’explosifs (nitrates et diesel 
provenant des sous-produits de l’émulsion) sont 
susceptibles d’être présents en faible concentration 
dans les matériaux des haldes de stériles de même 
que dans les fosses. Ceux-ci ne sont toutefois pas 
susceptibles de compromettre la reprise des végétaux 
qui seront utilisés pour la phytorestauration. Puisque 
les rejets miniers de TSMC ne contiennent pas une 
source importante de contamination en acidité et 
en métaux lourds, les travaux de restauration se 
concentreront essentiellement sur la restauration 
écologique et la végétalisation des sites.

La forte teneur naturellement présente de certains 
éléments dans les stériles pourrait toutefois avoir un 
impact négatif sur les travaux de phytorestauration, 
particulièrement pour le fer, le manganèse et 
l’aluminium. Il faut également sélectionner des 
méthodes de restauration qui contrôleront efficacement 
les émissions de sédiments et de poussières, deux 
enjeux environnementaux majeurs dans l’exploitation 
d’un projet minier.

Des sources ponctuelles de contamination par les 
hydrocarbures pourraient finalement se retrouver sur 
les anciens sites miniers opérés par l’IOCC jusqu’en 
1980. Cette préoccupation complémentaire devra 
être considérée lors des travaux de restauration si 
jamais la problématique est rencontrée et représente 
un risque qui pourrait augmenter les coûts de 
restauration.

Ententes avec les différentes  
Premières Nations
TSMC a développé des partenariats solides avec 
les différentes Premières Nations qui occupent 
le territoire d’implantation. Les ententes avec les 
Premières Nations en matière de restauration seront 
respectées, notamment les exigences liées aux 
plans de fermeture. Les Premières Nations doivent 
également être impliquées dans la mise en œuvre 
des activités de restauration.

5.2	 LES MÉTHODES

Les trois tableaux qui suivent présentent certaines 
méthodes prometteuses compatibles avec les enjeux 
précités. La stratégie de restauration est évolutive 
et doit être adaptée en fonction des réalités terrain. 
L’emploi de ces méthodes doit ainsi être validé par 
des essais terrain prévus de 2017 à 2019 (voir les 
Sections 6 et 7 pour davantage de détails). 

Les tableaux sont divisés en sections logiques, soit 
la préparation du site à restaurer (Tableau 2), les 
techniques de restauration écologique potentielles 
(Tableau 3) et finalement, le matériel et les équipements 
à considérer (Tableau 4). La section suivante (section 6)  
précise pour sa part comment certaines de ces 
méthodes ont été testées aux sites de TSMC ou le 
seront au cours des prochaines années.



ROUGH AND LOOSE Une pelle mécanique 
avec un godet de  
creusage creuse de 
petits trous dans les 
rejets miniers tout  
en déchargeant le  
matériel provenant  
des trous en  
monticules entre  
les trous.

•	 Réduit grandement les 
problèmes d’érosion

•	 Crée des microsites  
et microhabitats  
excellents pour la  
biodiversité 

•	 Élimine le problème  
de compaction des 
rejets miniers

•	 Ramène des particules 
fines à la surface  
(développe une  
meilleure structure  
favorable aux plantes)

•	 Crée une protection 
contre la dessiccation 
hivernale et éolienne

•	 Excellent pour renatu- 
raliser les sites (imite 
les processus naturels 
des écosystèmes)

•	 Aucun amendement 
utilisé

•	 Faible coût

•	 Usage intensif de  
machinerie lourde  

•	 Environnement  
demeure hostile  
aux plantes

Doit être considéré 
sur tous les sites de 
TSMC (haldes à stériles, 
haldes à mort terrain et 
fosses).

SILLONS Alternative à la tech-
nique Rough and 
Loose : des sillons sont 
creusés en utilisant une 
pelle mécanique avec 
un godet triangulaire.

•	 Facile à mettre en 
œuvre

•	 Peut être complété  
plus rapidement  
que la technique  
Rough and Loose

•	 Aucun amendement 
requis

•	 Coût plus faible que  
la technique Rough  
and Loose

•	 Usage intensif de  
machinerie lourde 
(moins que pour le 
Rough and Loose)

•	 Pas aussi efficace  
que la technique  
Rough and Loose  
pour créer des habitats 
propices à la croissance 
des végétaux

•	 N’imite pas les  
processus naturels 

•	 Environnement  
demeure hostile  
pour les plantes 

Seulement comme 
alternative à moindre 
coût à la technique 
Rough and Loose

MORT-TERRAIN 

(seulement là où 
le mort terrain 
est disponible en 
quantité appréciable 
et lorsqu’il peut être 
séparé des stériles)

Le mort terrain est 
un sol minéral inerte 
trouvé entre la terre 
végétale et le roc. Au 
cours de l’exploitation 
minière, le mort terrain 
est conservé dans une 
pile à part et peut être 
réutilisé après la  
fermeture à des fins  
de restauration. Dans  
le processus, une 
couche de mort  
terrain est ajoutée  
sur les rejets miniers.

•	 Plus facile d’établir un 
écosystème en santé 
sur le mort terrain  
que les stériles ou  
les résidus fins  
(conditions plus 
proches d’un sol réel)

•	 D’expérience,  
l’utilisation du mort 
terrain augmente d’au 
moins trois à quatre 
fois la productivité et 
le succès des activités 
de restauration  
écologique 

•	 Coûts beaucoup plus 
faibles que d’importer 
du sol ou des amen-
dements organiques

•	 Pas toujours dispo-
nibles sur les sites à 
restaurer

•	 Il y a un coût relié 
à son transport des 
piles de mort-terrain 
aux haldes à stériles 
et fosses. Cependant, 
via la restauration 
progressive, il est pos-
sible de coordonner 
ces activités avec les 
opérations minières. 
Le mort terrain retiré 
d’un nouveau site 
d’exploitation est ainsi 
transporté directe-
ment sur un vieux site 
prêt à être restauré.

•	 Doit être considé-
ré sur tous les sites 
de TSMC où le mort 
terrain est disponible 
à proximité (haldes à 
stériles et fosses).

Doit être considéré  
sur tous les sites de 
TSMC où le mort  
terrain est disponible 
à proximité (haldes à 
stériles et fosses).

13

TECHNIQUE DESCRIPTION 
COURTE AVANTAGES DÉSAVANTAGES UTILITÉ SUR  

LES SITES DE TSMC

PRÉPARATION DE TERRAINTableau 2 
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BIOMASSE 
LIGNEUSE

La biomasse ligneuse 
est broyée en bois 
raméaux fragmentés 
(BRF) et appliquée  
sur les rejets miniers. 
La biomasse ligneuse 
peut aussi être  
brulée et transformée 
en cendre si un pH plus 
élevé est nécessaire  
sur les rejets miniers.

•	 Excellent amende-
ment organique  
pour restaurer  
les écosystèmes  
forestiers et arbustifs

•	 Peut être produit  
sur le site en utilisant 
les écosystèmes  
environnants comme  
site donneur (par 
exemple, prélever 
la biomasse d’un 
peuplement d’aulne et 
la broyer. Les aulnaies 
se reconstitueront  
par rejets de souches. 
Il est aussi possible  
de mettre en place 
des plantations à 
croissance rapide

•	 Généralement l’amen-
dement le moins  
coûteux (peu de 
transport nécessaire)

•	 La biomasse ligneuse 
peut aussi être  
transformée en fibre 
de bois utilisé comme 
mulch pour l’hydro
ensemencement

•	 Bon potentiel de 
collecte locale pour 
l’aulne (plusieurs 
peuplements à faible 
distance des sites  
à restaurer)

•	 Option encore consi-
dérée à faible intrant

•	 Ratio C/N élevé qui 
cause une pénurie 
d’azote durant la 
première année due 
à l’augmentation de 
l’activité microbienne 
qui doit être compen-
sée

Doit être considéré 
sur tous les sites de 
TSMC (haldes à sté-
riles, fosses et haldes à 
mort-terrain).

BIOMASSE 
HERBACÉE

Sur les bassins de  
résidus fins, des  
herbacées peuvent 
être ensemencées  
au printemps et  
incorporées aux  
résidus à l’automne 
pour améliorer la  
structure des résidus. 
La paille et le foin 
peuvent aussi être 
achetés de fermiers  
et appliqués dans les 
stériles et résidus fins.

•	 Les nutriments  
sont disponibles  
plus rapidement  
comparativement à  
la biomasse ligneuse

•	 Excellent amende-
ment organique  
pour la restauration 
écologique des  
rejets miniers

•	 Option encore consi-
dérée à faible intrant

•	 Faible taux de  
croissance des  
espèces herbacées  
à Schefferville.

•	 Difficilement viable 
économiquement 
d’importer de la paille 
ou du foin du sud 
(option tout de même 
à explorer)

La biomasse ligneuse 
devrait être une meil-
leure option que la bio-
masse herbacée, mais 
le potentiel de collecte 
locale et la faisabilité 
d’importer de la bio-
masse doivent tout de 
même être estimés.

PAS DE 
PRÉPARATION

Il est possible de  
planter des semis avec 
substrats spéciaux 
directement dans les 
rejets miniers sans  
préparation de terrain.

•	 Pas de machinerie 
nécessaire

•	 À très faibles coûts

•	 Faible taux de  
succès sur rejets  
miniers compactés

•	 Fonctionne seulement 
avec la plantation de 
semis avec substrats 
spéciaux (voir tableau 2  
pour plus d’info)

•	 Développement très 
lent des écosystèmes

Doit être considéré  
sur tous les sites  
de TSMC (haldes à  
stériles, fosses et 
haldes à mort-terrain).

TECHNIQUE DESCRIPTION 
COURTE

AVANTAGES DÉSAVANTAGES UTILITÉ SUR  
LES SITES DE TSMC

PRÉPARATION DE TERRAINTableau 2 (suite) 



15

PLANTATION  
DE SEMIS

Des arbres et des 
arbustes sont plantés 
dans des contenants 
biodégradables  
contenant des  
substrats spéciaux 
pour améliorer  
l’établissement.

•	 Facile à mettre en 
œuvre

•	 Peu d’intrant nécessaire
•	 Pas de machinerie  

à utiliser
•	 Faible coût

•	 Ne contrôle pas  
l’érosion à court terme

•	 Densité végétale faible

Doit être considéré sur 
tous les sites de TSMC 
(haldes à stériles, fosses, 
haldes à mort terrain).

HYDRO- 
ENSEMENCEMENT 
DE PLANTES 
LIGNEUSES

Hydroensemencement 
de semences ou  
microboutures d’arbres 
et d’arbustes indigènes 
en utilisant une  
formulation spéciale 
pour améliorer  
l’établissement.

•	 Densité végétale élevée 
permettant de contrôler 
efficacement l’érosion

•	 Peu d’intrants  
nécessaires

•	 Développement  
rapide d’écosystèmes 
arbustifs de la toundra 
forestière et alpine

•	 Faible coût

•	 Demande un  
prétraitement  
de surfaces sur  
les stériles et résidus 
miniers fins (pas  
nécessaire sur les morts 
terrain normalement), 
mais toujours  
considéré à faible 
intrant

Doit être considéré sur 
tous les sites de TSMC 
(haldes à stériles, fosses 
et haldes à mort-terrain).

HYDRO- 
ENSEMENCEMENT 
DE PLANTES 
HERBACÉES

Hydroensemence-
ment de semences ou 
rhizomes de plantes 
herbacées indigènes. 
Quelques espèces  
herbacées peuvent être 
plantées en utilisant 
des semis collectés sur 
des sites donneurs.

•	 Idéal pour la restaura-
tion des écosystèmes 
dominés par les 
plantes herbacées

•	 Densité végétale  
élevée permettant  
de contrôler  
efficacement l’érosion

•	 Inapproprié pour  
les stériles et autres 
dépôts rocheux

•	 Requiers une grande 
quantité de sols  
ou d’amendements 
organiques pour  
être durable 

Seulement pour  
restaurer et reconstruire 
des milieux humides.

PHYTOCONTRÔLE 
HYDRAULIQUE  
DE LIXIVIAT

Technique d’ingénierie  
écologique où des 
plantes phréatophytes 
(avec un système  
racinaire profond) 
telles que des aulnes 
ou des saules à  
l’intérieur d’un concept 
de traitement optimal 
filtrent le lixiviat pour 
éviter leur transport 
dans les écosystèmes 
naturels riverains.

•	 Faible coût comparé 
aux systèmes de  
traitement traditionnel

•	 Une fois en place, peu 
d’entretien nécessaire

•	 L’établissement  
du système demande 
beaucoup d’espace

•	 Inapproprié pour un  
lixiviat avec une 
concentration très 
élevée de contaminants 
susceptibles de  
devenir toxiques  
pour les plantes

Peut être utilisé pour 
filtrer naturellement  
et traiter le lixiviat à  
la périphérie des  
rejets miniers.

TECHNIQUE DESCRIPTION 
COURTE AVANTAGES DÉSAVANTAGES UTILITÉ SUR  

LES SITES DE TSMC

TECHNOLOGIES DE RESTAURATION ÉCOLOGIQUETableau 3 
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HYDROGEL L’hydrogel est un 
polymère biodégra-
dable qui absorbe 
jusqu’à 1 000 fois en 
eau son volume initial. 
Souvent utilisé pour 
améliorer l’apport  
en eau aux plantes 
pendant des périodes 
de sécheresse ou sur 
des sites au drainage 
excessif.

•	 Maintien l’eau disponible 
pour les plantes lorsqu’il 
ne pleut pas pendant 
plusieurs jours

•	Améliore le taux de 
survie sur des sites à 
drainage excessif

•	 Une seule application 
nécessaire 

•	 Tous les types  
d’hydrogels ne sont pas 
en mesure de rendre 
l’eau disponible aux 
plantes pendant les  
périodes de sécheresse

•	 La disponibilité des 
hydrogels à faible  
coût est limitée

Solution prometteuse 
pour les haldes à sté-
riles, les fosses et les 
haldes à mort terrain 
où la nappe phréatique 
est très profonde

IRRIGATION 
TEMPORAIRE

Un système d’irrigation 
est placé temporaire-
ment sur le site durant 
la première saison de 
croissance afin d’amé-
liorer l’établissement  
et la survie des plantes 
et de les protéger 
contre la sécheresse.

•	 Peut permettre de ré-
duire l’utilisation  
d’intrants pour  
l’établissement avec suc-
cès des communautés 
végétales sur  
les rejets miniers 

•	 L’équipement peut être 
réutilisé chaque année 
pour la restauration de 
nouvelles superficies 

•	 L’équipement doit  
être loué ou acheté

•	 L’accès à des sources 
d’eau près des rejets 
miniers peut être  
problématique

Solution prometteuse 
pour les haldes à sté-
riles, les fosses et les 
haldes à mort terrain 
où la nappe phréatique 
est très profonde et où 
des sources d’eau (lac, 
cours d’eau, étang) 
sont disponibles.

PRODUIT SOIL 
ACTIVATORTM 

Soil ActivatorTM est un 
biostimulants déve-
loppé par Earth Alive 
Clean Technologies. Le 
produit est fait de rhi-
zobactéries bénéfiques 
aux plantes.

•	Ces bactéries sont 
connues étant  
souvent capables 
d’améliorer la  
croissance et la  
nutrition des plantes

•	À été développé pour 
le secteur de l’agricul-
ture, par conséquent, 
probabilité élevée que 
le produit ne soit pas 
adapté aux conditions 
des rejets miniers et 
aux conditions clima-
tiques de Schefferville

•	 Pseudomonas est une 
bactérie qui est très 
efficace en biominéra-
lisation des roches ce 
qui pourrait amener 
une augmentation de 
toxicité aux plantes 
par les métaux lourds 
(besoin d’être testé)

Doit être testé avec la 
plantation de semis et 
l’hydroensemencement

BIOSTIMULANTS — 
SAPROPHYTE

Les champignons 
saprophytes sont uti-
lisés pour augmenter 
la décomposition des 
intrants organiques 
afin que les nutriments 
deviennent disponibles 
plus rapidement aux 
plantes et pour accélé-
rer la formation du sol.

•	 Ils peuvent augmenter la 
croissance des plantes 
de plus de 15 %

•	Aident à stabiliser les 
intrants organiques 
sur le site en agissant 
comme adhésif naturel ; 
par conséquent,  
réduisant l’érosion

•	Aident à réduire la quan-
tité d’intrants organiques 
nécessaires pour restau-
rer avec succès les sites.

•	 Sont considérés comme 
étant les microorganismes 
les plus efficaces en 
biorestauration, par-
ticulièrement pour 
décontaminer les sites 
contaminés par les hy-
drocarbures 

•	 Plusieurs semaines sont 
nécessaires avant d’être 
efficace pour la stabili-
sation ; par conséquent, 
nécessité d’utiliser une 
gomme végétale pour 
régler le problème à 
court terme lorsque  
la technique d’hydro
ensemencement  
est utilisée

Seulement utiliser 
lorsque la biomasse 
ligneuse ou herbacée  
est appliquée

MATÉRIELS & 
ÉQUIPEMENT

DESCRIPTION 
COURTE

AVANTAGES DÉSAVANTAGES UTILITÉ SUR  
LES SITES DE TSMC

MATÉRIELS ET ÉQUIPEMENT À CONSIDÉRER POUR UTILISER PEU D’INTRANTTableau 4
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MATÉRIELS & 
ÉQUIPEMENT

DESCRIPTION 
COURTE AVANTAGES DÉSAVANTAGES UTILITÉ SUR  

LES SITES DE TSMC

MATÉRIELS ET ÉQUIPEMENT À CONSIDÉRER POUR UTILISER PEU D’INTRANT

BIOSTIMULANTS —  
SYMBIOTES 
RACINAIRES 

Les symbiotes sont des 
microorganismes sym-
biotiques associés aux 
racines des plantes qui 
sont connus pour leur 
habilité à augmenter 
grandement la sur-
vie, l’établissement, la 
croissance et la nutri-
tion des plantes sur les 
sites dégradés comme 
les sites miniers. L’Uni-
versité Laval travaille 
présentement sur le 
développement de 
biofertilisants adaptés 
aux sites de TSMC qui 
se développent dans 
les écosystèmes de la 
toundra forestière et 
alpine.

•	 Ils peuvent améliorer  
la survie des semis 
jusqu’à 75 %, la santé 
jusqu’à 130 % et la  
croissance jusqu’à 115 % 
sur rejets miniers

•	Aident à réduire la  
quantité d’amende-
ments nécessaires  
pour restaurer avec 
succès les sites

•	Technologie à faible 
coût pour la restauration 
de grandes superficies

•	Technologies à faible 
intrant

•	 Effet à long terme

•	 Souvent spécifiques  
aux espèces et aux sites. 
Par conséquent, lorsque 
plusieurs espèces végé-
tales sont utilisées et les 
travaux sont exécutés 
sur des sites ayant des 
conditions édaphiques 
très différentes, plu-
sieurs biostimulants 
doivent souvent être 
développés.

Assurer la compatibilité 
entre nos méthodes  
de restauration et  
les biofertilisants  
développés à  
l’Université Laval. 

Doivent être testés  
sur différents sites  
de TSMC avec la  
plantation de semis et 
l’hydroensemencement

SUPPLÉMENT 
MINÉRAL

Les facteurs limitant la 
croissance des plantes 
seront identifiés sur 
la base de l’étude des 
conditions écologiques 
et climato-édaphiques 
des sites de TSMC. Des 
suppléments miné-
raux seront ajoutés au 
besoin pour compenser 
les facteurs limitants.

•	 Réduit la toxicité  
aux plantes des  
métaux lourds

•	Augmente la  
disponibilité des  
éléments limitants

•	 Peut être utilisé pour 
changer le pH, ce qui  
a un effet bénéfique  
sur la disponibilité des  
éléments traces et  
nutritionnels aux plantes

•	Augmente la nutrition 
et la productivité des 
plantes sur les sites  
dégradés, lorsqu’appli-
qués correctement

•	 Les plantes assimilent 
généralement  
seulement 50 à 60 % 
des suppléments

•	 Effet à court terme

Au besoin, différents 
suppléments minéraux 
seront testés pour 
trouver la formulation 
optimale pour une  
restauration écolo-
gique efficace et à 
faible coût des rejets 
miniers de TSMC.

SUBSTRATS 
SPÉCIAUX POUR 
LA PLANTATION 
DE SEMIS 

Les conditions essen-
tielles des substrats 
pour l’établissement 
des semis seront déter-
minées sur la base de 
l’étude des conditions 
écologiques et clima-
to-édaphiques des 
sites de TSMC.

•	 D’expérience, la  
sélection du bon type 
de sacs et de carottes 
avec les bons subs-
trats spéciaux dans 
lesquels les semis 
pousseront est  
fondamentale pour 
l’établissement, la 
survie et la croissance 
des semis plantés  
sur les rejets miniers

•	 Il pourrait être  
nécessaire d’importer 
du matériel de  
Sept-Îles pour  
préparer les  
substrats spéciaux

Différents types de 
sacs et carottes avec 
des substrats spéciaux 
seront testés pour 
trouver la technique  
de plantation optimale 
sur les sites TSMC.

Aux méthodes de restauration s’ajoutent les outils de gestion des travaux de restauration.  

Plusieurs outils de gestion informatisés existent en effet pour planifier les travaux de restauration  

et assurer le suivi à long terme des sites restaurés. TSMC évalue la nécessité d’acquérir  

un de ces outils ou la possibilité de développer sa propre base de données. 

Tableau 4 (suite)  
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ACTIONS DE RESTAURATION  
DÉJÀ ENTREPRISES 

6.1	 ÉTUDES ÉCOLOGIQUES 
ANTÉRIEURES DES éCOSYSTÈMES 
SUR LE SITE DE TSMC 

Des relevés écologiques complets et une 
cartographie détaillée des écosystèmes 
terrestres (TEM) ont été réalisés pour tous 
les sites de TSMC, y compris DSO2 (dépôts 
Ferriman et Star), DSO3 (dépôts Timmins et 
Howse) et DSO4 (Kivivik, Sunny et Goodwood), 
avant exploitation. Cette information est 
disponible et sans frais, sera utilisée comme 
base pour préparer les plans de restauration. 
Les données TEM seront complémentées par 
une visite terrain des sites déjà perturbés de 
Timmins 1 et Timmins 4 en 2017, ainsi que des 

La section précédente était consacrée aux enjeux et aux 

méthodes de restauration possédant un potentiel élevé 

de restaurer durablement les écosystèmes dégradés de 

la région de Schefferville. Cette section en est la suite 

logique, puisqu’elle présente des actions de restauration 

déjà entreprises ou qui seront entreprises dans les 

prochaines années pour restaurer les sites dégradés 

par les opérations de TSMC. Ces approches pourront 

également servir à restaurer d’autres sites dégradés par 

l’activité minière de la région de Schefferville.
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sites Kivivik en 2018. Les données écologiques 
TEM de même que celles des futures visites 
terrain seront soigneusement analysées en 
utilisant des SIG et des outils de modélisation 
pour extraire tous les éléments essentiels à 
des fins de restauration. 

De façon complémentaire, les analyses physico-
chimiques et de composition minérale de 
même que les tests de lixiviation déjà réalisés 
pour les rejets miniers qui seront générés pour 
plusieurs sites de TSMC seront soigneusement 
analysés afin de dresser un portrait complet 
des carences et des problèmes de toxicité qui 
pourraient être rencontrés sur les différents 
sites à restaurer.

6.2	 PROJET DE RECHERCHE 
APPLIQUÉE AVEC LES UNIVERSITÉS 
LAVAL ET MCGILL

Les efforts de T2 Environnement et Viridis Terra 
Innovations ont permis d’obtenir une subvention 
de recherche de 100 000 $ par année pendant 
trois ans avec l’équipe du Dr Damase Khasa de 
l’Université Laval et celle du Dr Charles Greer de 
l’Université McGill. Les travaux de recherche associés 
s’échelonnent de 2016 à 2019 pour développer de 
nouvelles technologies vertes liées à la restauration 
écologique des sites miniers de TSMC à Schefferville. 
T2 Environnement et Viridis Terra Innovations, de 
même que TSMC, ont de plus investi plusieurs 
dizaines de milliers de dollars en temps de recherche 
et de développement, en analyses de laboratoire et 
en frais d’appui logistique afin de complémenter 
les 300 000 $ sur trois ans qui seront versés par 
le Fonds de recherche du Québec — Nature et 
technologies (FRQNT). Des dizaines de souches de 
microorganismes symbiotiques potentiels ont été 
isolées en laboratoire depuis le début du projet à 
partir d’échantillons de racine et de sol collectés au 
site de TSMC. Ces microorganismes seront testés 
au labo (in vitro) et en serre (in vivo) à l’automne 
2017 pour vérifier leur capacité à pousser dans les 
rejets miniers et améliorer la survie et la croissance 
de cinq espèces végétales clés (Picea mariana, 
Betula glandulosa, Vaccinium uliginosum, Alnus 
crispa et Salix sp.), particulièrement abondantes 
dans les écosystèmes de la toundra forestière 
et alpine et sur les rejets miniers provenant des 
sites de TSMC. Les souches les plus prometteuses 
seront testées directement sur les sites de TSMC 
(in situ) dès 2018 pour déterminer leur efficacité en 
tant que biofertilisants. T2 Environnement, Viridis 
Terra Innovations et TSMC suivront de près les 
progrès et les résultats de ce projet de recherche. 
Les biofertilisants développés dans le cadre de ce 
projet seront intégrés dans les essais pilotes et les 
activités de restauration à moyenne échelle sur les 
sites de Timmins 1, Timmins 4 et Kivivik.

6.3	 ESSAIS DES PRODUITS 
DÉVELOPPÉS PAR EARTH ALIVE  
CLEAN TECHNOLOGIES

En 2017, TSMC teste un autre produit fabriqué 
par Earth Alive Clean Technologies appelé Soil 
ActivatorTM pour la restauration des bords de 
routes. T2 Environnement et Viridis Terra Innovations 
incluront le produit Soil ActivatorTM dans les essais 
à Timmins 1 en 2018.
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PROCHAINES ÉTAPES

La mise en place d’un plan de restauration 

pour l’ensemble des opérations de TSMC 

dans le secteur de Schefferville comporte 

divers défis techniques et de logistiques 

de taille, associés notamment à la rigueur 

du climat, à la courte saison de croissance, 

à la faible quantité de matière organique 

disponible et à la prise en compte des 

préoccupations des communautés locales. 

7.1	 PLANIFICATION 2017-2019

Comme décrit aux sections précédentes, des essais pilotes 
à petite et moyenne échelles (sur environ 10 000 m2)  
seront d’abord réalisés afin de développer des approches 
durables de restauration. Ces essais auront lieu au 
secteur DSO3 en 2017 et 2018 (taïga forestière) et 
ultérieurement au secteur DSO4  (toundra alpine). 
Une fois l’efficacité des essais pilotes démontrée, les 
approches de restauration seront répliquées sur de 
plus grandes superficies. Celles-ci seront adaptées afin 
de répondre aux spécificités du climat et des sols de 
chaque site afin de développer le plan de restauration 
de l’ensemble des opérations de TSMC dans la région 
de Schefferville.



23

En collaboration étroite avec TMSC, dès l’été 2017,  
les Premières Nations et les autres parties 
prenantes seront consultées lors d’une rencontre 
exploratoire afin d’intégrer leur savoir et leurs 
préoccupations aux essais pilotes prévus en 
2018 et en 2019. Un transfert de connaissance 
au niveau local sera mis en œuvre au moment 
jugé opportun par les parties et différentes 
possibilités de partenariat seront évaluées.

7.2	PLAN DE RESTAURATION 
ÉTENDU AUX AUTRES SITES  
DE TSMC

Les grandes étapes à franchir pour produire le plan 
de restauration pour l’ensemble des opérations 
de TSMC dans le secteur de Schefferville sont 
présentées ici.

Il faut dans un premier temps identifier l’envergure 
de la restauration à réaliser (nombre, type de sites 
et superficie par site à restaurer) afin d’élaborer 
un calendrier de mise en œuvre réaliste. Pour 
que la restauration des sites soit un succès, il 
est indispensable de prendre en compte les 
préoccupations des parties prenantes non 
seulement au début du projet, mais également 
tout au long de sa réalisation.

Chaque site à restaurer est différent. Son 
écologie, son hydrologie, son hydrogéologie, sa 
géochimie et sa géotechnique doivent ainsi être 
minutieusement étudiés afin de développer une 
méthode de restauration adaptée aux réalités 
biophysiques du site.

Il est également nécessaire d’optimiser les 
objectifs de restauration présentés à la section 2  
en fonctions des résultats obtenus lors des essais 
pilotes et des préoccupations des communautés 
locales, ce durant toute la durée du projet de 
restauration.

La restauration à grande échelle des sites requerra 
finalement une gestion rigoureuse, plusieurs 
intervenants étant impliqués et la restauration 
s’échelonnant sur plusieurs années sur des 
sites aux conditions climatiques et écologiques 
variées. Les essais pilotes en cours permettront 
de développer une approche de restauration 
fonctionnelle, adaptée aux réalités du site et qui 
pourra être mise à profit pour résoudre d’autres 
problématiques environnementales présentes 
dans la région de Schefferville.
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1 INTRODUCTION
The year 2018 marked the implementation of the first restoration trial at the Timmins 4 site.
Several actions have taken place since 2016 to set the basis of this ambitious research and
development project. However, the restoration trial implementation is a cornerstone in the
Tata Steel Minerals Canada Limited (TSMC) strategy and, if successful, will allow a systematic,
efficient and cost-effective ecological restoration of the sites disturbed by mining activities.

T2 Environnement (T2) and Viridis Terra Innovations (VTI) recognize TSMC’s needs to
sustainably-restore their decommissioned mined sites to meet regulatory requirements and
satisfy local community needs for an effectively-reclaimed natural environment. In addition,
our team has done everything in its control to obtain further research funding, including from
the Québec Fonds du Plan Nord, Natural Resources Canada (NRCAN) among others, and
developed all required links with university researchers to increase the project’s quality,
reduce costs, and develop other necessary research programs for the benefit of TSMC. T2
and VTI will also invest time and resources in the coming year to create a research and
development project (Phase 2) to implement at a larger scale the best restoration solutions.

Past, present and future milestones of the restoration project are presented in Section 2,
while the details of the activities performed in 2018 are presented in Section 3. Section 1.1
presents the project objectives jointly set in 2017 by TSMC, T2 and VTI. Finally, all detailed
protocols developed to implement the 2018 restoration trial at Timmins 4 are included in the
Appendix.

1.1 PROJECT OBJECTIVES

As a reminder, the following restoration objectives were identified in the Strategic
Restoration Plan (TSMC, 2017) for the development and implementation of the TSMC
restoration program:

· The use of organic and mineral inputs that are costly to transport must be minimized
and, if possible, avoided. 

· The restoration must be progressive and upstream planning must be done to reduce
the total cost of restoring the sites between now and closure.

· The restoration must aim for an accelerated reconstruction of natural ecosystems that
is done in a functional and sustainable way.

· Restored sites must be sustainable and require minimal maintenance over time.
· The advocated restoration approaches must allow for a good control of the quality of

the surface and subterranean water from waste dumps and pits that have reached the
end of operation. 

· The advocated restoration approaches must allow for a good control of water and
wind erosion from waste dumps and pits that have reached the end of operation,
especially for ferrous sediments in suspension that cause a reddish colouration in the
water (colloids), as well as for dust.
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· The selected restoration methods must be compatible with and complementary to
wildlife protection programs already in place (ex. Riparia riparia or Bank Swallow) or
programs that may be put in place in the future, such as the exclusive use of indigenous
species in all restoration programs.

· The restoration of waste dumps and pits must be done at affordable costs compared
to other restoration methods used in northern regions.

· A pilot project must be developed starting in the fall of 2017 to test and compare the
most promising restoration methods in a combination of climates, soils, and sites.

· The restoration must be implemented in stages in order to benefit from the results
generated by the pilot projects.

· Restored sites must meet the needs and expectations of provincial (Quebec and
Newfoundland & Labrador) and federal governments.

· Restored sites must meet the needs and expectations of local communities.
The 2018 restoration trial implemented by T2 and VTI respects each of the above objectives.
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2 PROJECT HIGHLIGHTS AND MILESTONES SINCE ITS BEGINNING IN
2016

Two years have passed since the beginning of the restoration project. It is consequently time
to recall past project milestones and have a look at what is coming. The following table
presents, milestone by milestone, the historical highlights of the restoration project and
forecasts where it should be one year from now.

Table 1 Past, Present and Future Project Milestones

Project Milestone Description Date

Research grant
submission
(FRQNT)

Laval and McGill Universities, T2, VTI and TSMC submitted a $300,000
grant application at the Fonds de recherche du Québec – Nature et
technologies (FRQNT). Our team was in competition with many other
highly competitive teams of researchers and practitioners.

February
2016

FRQNT awarded
the grant

Our team won the competitive process and started the project named:
Isolation, identification and selection of root vegetable symbionts to
improve the rehabilitation of the habitats of the Arctic tundra of Québec
affected by mining activities.

May 2016

Roots, soil and
mining waste
collection

Our team went to the TSMC site to collect roots of four targeted plant
species, associated soil and mining waste. Roots, soil and waste
symbionts were rapidly extracted and conserved for isolation and
extraction.

July and
August 2016

TSMC awarded a
contract to T2
and VTI

Our team supported TSMC in developing its mine restoration objectives
and program as well as its research and development vision.

December
2016

Mycorrhizae and
bacteria
insolation and
identification

Mycorrhizae were isolated and identified at the University Laval
laboratory. Bacterial diversity using environmental DNA techniques
was analyzed at the Natural Research Council of Canada (NRCC)
laboratory.

February
2017

2017 joint
workshop

The FRQNT research team met to present their preliminary results and
plan the coming two years research objectives. An action plan was
produced and used since then to follow up with the project. TSMC
received four times a year a progress report based on the action plan.

March 2017

Restoration
strategic plan

The document “Strategic planning for the progressive restoration of
mine sites operated by TSMC in the Schefferville area” was jointly
developed by T2/VTI and TSMC. The document supports TSMC’s
Environment and Permitting team in evaluating restoration priorities,
forming the necessary teams, defining the best restoration approaches
and methods to use and defining a realistic progressive restoration
schedule.

June 2017

2017 summer
fieldwork

Two field teams sampled old IOC waste dumps (waste samples and
ecological description), selected potential sites to restore, sampled the
surrounding natural environment (soil samples and ecological
description) and collected seeds of the targeted shrub species.

July 2017
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Project Milestone Description Date

2017 seed
harvest

Glandular birch (Betula glandulosa), green alder (Alnus viridis), and bog
blueberry (Vaccinium uliginosum) seeds were collected for the 2018
restoration trial. Seeds were processed and stored at MFFP facilities in
Berthier, Québec.

September
and October
2017

2017 fall
restoration trial

T2/VTI team went in the field to implement a small-scale preliminary
restoration trial at the Timmins 4 site to see if late fall restoration
activities may possibly be realized and successful. Both seedling and
hydroseeding techniques were used. Planeleaf willow cuttings were
also collected at the same time for the 2018 restoration trial.

October 2017

TSMC Restoration
and logistics plans

T2 and VTI submitted to TSMC the “2017-2018 Ecological Restoration
Trial Plan for the Timmins 4 Site”. This document presents the following
core data: waste dumps/natural ecosystems edaphic and ecological
description, phenology of the targeted plant species, restoration
methods to be used, and comparison with other mining restoration
projects. The logistics plan was submitted at the same time to provide
TSMC with a detailed restoration trial implementation schedule, action
items and dedicated teams.

February
2018

In vitro lab and In
vivo greenhouse
test of the
developed
inoculum

Laval University researchers are testing the most promising strains of
mycorrhizal fungi and endophytes in vitro (in Erlenmeyer’s) and in vivo
(in greenhouses) to develop an inoculum that can be tested in the field
at the TSMC site.

February
2018 to
March 2019

Restoration trial
implementation
at Timmins 4 site

As described in Section 3 and in the protocols presented in the
Appendix, a medium-scale restoration trial was established at the
Timmins 4 site. The trial was designed to statistically test several
restoration techniques, site preparation techniques, plant species and
irrigation in order to start adapting and optimizing the restoration
technologies for TSMC sites and developing the most successful
ecological restoration strategy at low costs.

June 2018

2018 restoration
trial first
monitoring

Plant growth and survival rate data were collected at the Timmins 4
site. Several locations were also evaluated at the DSO4 site to
implement the 2019 trial.

September
2018

2018 seed
harvest

Glandular birch, green alder and black spruce seeds were collected for
the 2019 restoration trial.

September
and October
2018

2018 Progress
report

The 2018 Ecological Restoration Trial Establishment – Follow-up Report
was submitted to TSMC. The document included all protocols used for
the 2018 restoration trial establishment as well as several photographs.

Start of
November
2018

Willow cuttings
harvest and
storage

Planeleaf willow (Salix planifolia) cutting harvest along the Schefferville
TSMC site road and storage near the TSMC camp.

October-
November
2018

Planning Phase 2
of the research
and development
Restoration
project

Phase 2 will be dedicated to adapt and implement restoration
techniques at a larger scale to restore entire waste dumps and pits.
Among potential research topics are: northern greenhouse production;
shrub and cutting orchards development; use of some adapted
indigenous grass species; large scale production of an inoculant; etc.

October 2018
to March
2019
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Project Milestone Description Date

The development of phase 2 will lead to a grant submission to one or
several of the major funding sources.

Statistical analysis
of the 2018
plantation data

Perform required statistical analysis to evaluate survival and
germination rates for different species, site treatments and used
amendments. The 2018-2019 Ecological Restoration Trial statistical
analysis is to be submitted before the end of the year to TSMC.

November
and
December
2018

Proposal
submission (2019-
2020)

T2 and VTI will submit a proposal to implement the restoration
activities in 2019 and plan restoration activities of 2020.

January 2019

2019 restoration
trial
implementation

T2 and VTI will implement the 2019 restoration trial. Among planned
activities are to test the inoculum developed by Laval University,
multiply the number of sites tested (DSO4, Timmins 1), test site
adapted indigenous grass species and start testing bio-engineering
techniques for Timmins 1 slope stabilization.

June and July
2019
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3 2018 RESTORATION TRIAL ESTABLISHMENT AT THE TIMMINS 4 SITE
2017-2018 was the first period of our ecological restoration trial implementation. As with any
research and development project, the first year is of paramount importance to calibrate the
project protocols and find new solutions to overcome challenges or unexpected events. This
section is dedicated to presenting the findings of our 2017-2018 restoration trial
establishment and to highlighting the potential solutions to improve the project deliverables
and fieldwork activities. Each subsection is associated with a restoration activity implemented
in 2018.

3.1 SEEDLINGS PRODUCTION, TRANSPORT AND PLANTATION

Native shrubs and tree seedlings are very useful to rapidly colonize and restore a mining site.
The targeted species were selected for their capacity to colonize TSMC waste dumps and
resist harsh climatic and edaphic conditions, as demonstrated in detail in the T2/VTI
Restoration Plan (T2 Environnement and Viridis Terra Innovations, 2018). All seedlings were
grown from seeds collected at the TSMC site, close to the site selected for the restoration
trial, except for black spruce (Picea mariana) (seeds came from the MFFP). Shrub and tree
seedlings were produced in greenhouses in southern Quebec, at the Pépinière Boucher site
in the Lac Saint-Jean region. They were sent to Sept-Îles by truck and then to Schefferville by
train in a refrigerated railcar. A flatbed truck was used to bring the seedling to the TSMC
mining site for further preparation and plantation. The seedling protocol is available in the
Appendix, with additional details on the methodology used for the 2018 restoration trial
implementation.
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Table 2 Seedling Production, Transport and Plantation: Findings and Potential
Solutions

Findings Potential solutions

Seedlings produced by Pépinière Boucher from seeds
collected in the Schefferville region in fall 2017 were
abnormally small, which is not ideal for the
plantation.

Perform a site visit at various seedling producers;
analyze the infrastructure and product quality; select
and work with a new seedling producer. Seedling
producers to visit are the following: Girardville, St-
Modeste and Pépinière Aiglon.

Seedlings were out of dormancy. Temperatures in
Saguenay were above 20°C during the shipping
period, and close to 0° C (less than 0° C at night) at
the DSO3 camp site.

Produce the seedlings on a two-year cycle outdoors
or for 8 months non-stop in a heated greenhouse, put
them into dormancy in a cold chamber in November
for 7 months, and ship these dormant seedlings to
the TSMC mine at the end of May or early June in a
refrigerator at a maximum temperature of 4°C.
Working this way should fix the problem of transport
and acclimation.

Transportation logistics between the Pépinière
Boucher site in the Lac Saint-Jean region and
Schefferville were very challenging and demanding
for the T2, VTI and TSMC transport logistics team.
Seedlings nearly missed being shipped by train from
Sept-Iles to Schefferville due to a logistical mistake
from the delivery company (Purolator).

Seedling production down south could be tested
again in 2019, but only under the conditions to meet
good growth and transportation standards.

Vaccinium uliginosum (bog blueberry) did not
tolerate well the transport from Saguenay to
Schefferville by truck and train and acclimation was
very difficult (most seedlings turned brown after one
week at the DSO3 camp) due to significant
temperature differences. The seedlings were very
small and not dormant.

· Prepare the seedlings in Schefferville (at lower
elevation compared to the TSMC site) where
temperature is warmer and less windy for better
acclimation.

· Use low-tunnel with P-19 membrane (used in
vegetable growing) for better acclimation to
protect the seedlings from cold wind and frost.

Betula glandulosa (glandular birch) better tolerated
the transport, but acclimation was also very difficult
and had a negative impact on seedling quality and
viability. The seedlings were not dormant.

Alnus viridis (green alder) seedlings were tall enough
and in good shape when they were unpacked at the
TSMC camp, but they began to show signs of hard
acclimation after more than 7 days on site. Cold
temperatures at the TSMC site adversely affected
alder acclimation.

Picea mariana (black spruce) seedlings produced by
Pépinière Boucher were too small and weak to be
planted.

Perform a site visit at various seedling producers;
analyze the infrastructure and product quality; select
and work with a new seedling producer. Seedling
producers to visit are the following: Girardville, St-
Modeste and Pépinière Aiglon.
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Findings Potential solutions

Humidification of the plantation substrates at site
was inadequate due to lack of access to water with a
watering hose.

· Humidify the plantation substrate (peat moss)
with warm water before seedling
transplantation into the bag in order to provide
the seedling with the optimal level of humidity.

· Connect a garden hose to the TSMC water
system or to a 1000-L container close to where
the seedlings are processed before outplanting
and water the seedlings when necessary.

Fall plantation is not possible due to the very harsh
environment of the mined sites and lack of time for
the seedlings to establish a well-developed root
system before winter.

Outplant dormant seedlings in late spring or early
summer.

Prior to planting, the seedling storage location was
not protected from cold wind, which weakened the
seedlings.

To overcome the restoration challenges associated
with unfit seedlings, the team transplant seedlings
(glandular birch and bog blueberry) naturally growing
on old IOC mining waste dumps (Flemming 7 sector)
into the plantation substrate (burlap bags and Jiffy
pots with plantation substrate). These locally-grown
seedlings were then outplanted at the Timmins 4
site.

Transitionally (in 2019 and potentially in 2020, until
dormant seedlings from south and local orchards are
ready) use shrub seedlings growing naturally in
disturbed sites located close to the sites to restore.
The seedling harvesting must be done sustainably in
order to not compromise restoration of other waste
dumps.

The main plantation substrate (peat moss) was dry
and very difficult to moisten.

Add biochar/charcoal to the planting substrate or on
the top of planting bags and pots in order to optimize
its physical and chemical properties.

Locally grown glandular birch and bog blueberry
seedlings showed positive signs of establishment and
regrowth in September when the restoration trial
was monitored.

· Collect seedlings on the area surrounding the
site, treat them (rooting fertilization) and replant
them.

· Consider establishing small local orchards for
targeted species (willow with cuttings, birch,
alder, bog blueberry with seeds or locally-
collected seedlings) and analyze seedling growth
time to reach maturity before outplanting. Find
potential places to establish these orchards
(protected from dominant wind, with a high
snow accumulation, sunny, with proper soil
properties).
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Selected photos

Back spruce seedlings Bog blueberry seedlings Glandular birch seedlings

All the above seedling photos were taken at Pépinière Boucher in Lac Saint-Jean, prior to their
transfer at the TSMC site. Notice the small size of the black spruce and bog blueberry
seedlings. Larger size black spruce seedlings from a southern provenance were also sent to
compensate for the small size of the seedlings grown specifically for TSMC.

Seedlings transplantation at TSMC camp Seedlings protection from night frost

Seedlings are transplanted from small size plug plant trays into Jiffy and burlap bags.
Seedlings were also protected from night frost for the first 10 days using plastic tarps and
bedsheets.
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Seedling plantation at Timmins 4 Overall view of the restoration block 1

Green alder and glandular birch seedlings grown from locally-collected seeds and black
spruce seedlings from southern provenance seeds. All above seedlings where grown at the
Pépinière Boucher in Lac Saint-Jean.

Glandular birch and blueberry seedlings harvested in old IOC waste dumps and
transplanted on Timmins 4 site.
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Dead seedling Excess of hydrogel in Jiffy pot

Green alder growth after one growing season. All green alder seedlings came from
Pépinière Boucher.
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Seedlings plantation at the reference site, in a natural terrestrial ecosystem

Seedlings planted at the reference site, in a natural terrestrial ecosystem

Seedling survival measurements were taken during the fall 2018 monitoring visit. Seedlings
survival rates after one growing season will be statistically assessed before the end of 2018.
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3.2 CUTTINGS HARVEST, STORAGE AND PLANTATION

Willow cuttings are available locally and therefore represent an efficient and cost-effective
way to colonize TSMC waste dumps. Planeleaf willow branches were harvested in late
October and early November 2017 and stored between two decommissioned trailers, close
to the camp, where snow accumulates during the winter. The cuttings had been previously
covered with insulating foam and plastic tarps. Stems were cut, soaked in water for several
days and then used for restoration purposes. The cuttings protocol is available in the
Appendix as well as further details on the methodology used for the 2018 restoration trial
implementation.

Table 3 Cutting Harvest, Storage and Plantation: Findings and Potential Solutions

Findings Potential solutions

In general, the willow cuttings were in good shape
when dug out from the snow in June 2018.

The stored willow stems that were the most humid
(at the bottom of the pile) had a small amount of
mould on them.

Do not overwater the willow stems before storage to
avoid mold development on the bark during winter.

The first row of willow stems was submerged in
water in the spring causing further mould problems.

Raise the bundles of willow stems from 1 foot to 2
feet above the soil surface for storage to avoid the
problem of flooding in the spring or place them on a
platform that drains excess water (perforated).

It was inefficient and not safe to manually dig out the
bundles of willow stems between the two camp
dorms where they were stored for the winter.

Store the bundles of willow stems on the north-east
side of the old camp dorms close to the wall, where
snow accumulates and melts very slowly. If they are
stored in this location, select an area where it is
possible to dig the bundles out with a small excavator
(i.e., in an easier and safer way).

Willow cuttings used on the site did not have
“conventional” age and size: less than 5 years old, 1
to 2 cm in diameter (i.e., they were much older),
therefore it was not possible to predict the same
results reported in the literature. Furthermore, to
our knowledge, it is the first time that cuttings have
been produced from Planeleaf willow.

Aside from larger willow stems, as a potential
alternative of the raw material if not abundant
enough, there is a possibility to collect small one-year
willow stems that are usually not used with larger
willow cuttings, root them in seedling containers and
replant on site.

Willow cuttings showed great signs of regrowth in
September when the restoration trial was
monitored.

A positive correlation was noted between cutting
lengths and diameter and cuttings establishment and
survival.
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Selected photos

2017 cutting harvest: cutters received by train cargo (3 days later than expected) and pile
of cuttings just before transportation up to site

Cuttings storage
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Planeleaf willow large cuttings after one growing season

Overall view of a planeleaf willow large cuttings plot
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Planeleaf willow large cuttings (60 cm) planted horizontally and vertically for the slope
stabilization small scale trial

Overview of the slope stabilization small scale trial
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Root system of a horizontally-planted planeleaf willow cutting

3.3 HYDROSEEDING

Hydroseeding is a good way to quickly establish a high density cover of shrub and tree
communities at low cost without requiring substantial inputs. Shrubs and tree seeds are
collected in the fall. Hydroseeding activities with the well-mixed formulation including mulch,
water, fertilizers, seeds, biofertilizers, plant glue and hydrogel may be done in the fall before
snowfall or in early spring when the snow has melted. The micro-cuttings are applied before
the hydroseeding. The hydroseeding protocol is available in the Appendix to find further
details on the methodology used for the 2018 restoration trial implementation.
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Table 4 Hydroseeding: Findings and Potential Solutions

Findings Potential solutions

The hydroseeding activities went very well and only
took one day of preparation and one day of
application.

Hydroseeding cannot be conducted in temperatures
below 0°C due to ice formation in the hose.

Only carry out the hydroseeding activities when
temperature is above 0°C.

Transporting the hydroseeder between the water
source and the restoration site takes more time than
the hydroseeding activities at the Timmins 4
restoration site.

Create artificial waterproof watering basins close to
the restoration site in order to reduce transport
during hydroseeding activities. These basins could
also be used for irrigation purposes.

Black spruce and glandular birch emergence was
successful, with up to 50 small seedlings per
50 cm*50 cm plot. These seedlings were well
established, but very small due to the short growing
season. Not many alder seedlings were found
growing in the hydroseeding plots. Alder may
therefore not be a good species to use with
hydroseeding. However, longer term monitoring will
confirm this hypothesis, as alder and birch seedlings
look very similar when young. No blueberry
emergence was observed during the fall 2018
monitoring. It appears that seed viability of blueberry
is not high enough to be used with hydroseeding
activities.

Based on 2018 results, adapt seed quantity in the
hydroseeding formulation in order to obtain sought
density.

Micro-cuttings were performing better at the bottom
of the rough and loose holes where more water
accumulated, as these dry and die if they lack water
during early establishment. Overall, micro-cuttings
establishment and survival was low compared to 30-
cm cuttings or 60-cm cuttings planted vertically or
horizontally.

Based on results from other restoration projects in
Quebec, micro-cuttings need to be applied during
site preparation and buried under few centimeters of
soil in order to obtain more recovery.

It was very expensive and time consuming to
mobilize the hydroseeder to the TSMC site. Shipping
logistics to return the hydroseeder back to the south
was also difficult, requiring VTI to pay for the lease of
another hydroseeder for the summer period.

TSMC should purchase a hydroseeder and keep it on
site to avoid high shipping costs and unnecessary
delays. The hydroseeder may also be used for other
tasks such as roadside restoration.
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Selected photos

Hydroseeding mix preparation Hydroseeding an experimental block plot

Hydroseeded experimental plot
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50 cm X 50 cm quadrant used for hydroseeded plot monitoring and small black spruce
seedlings

Small glandular birch seedling
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Small glandular birch seedling

Root system of small hydroseeded seedlings
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3.4 SITE PREPARATION

Site preparation is essential to protect seedlings, cuttings and hydroseeded plots from
excessive wind and frost. It is also required to provide the seedlings and cuttings with an
adequate substrate for plant growth (deep uncompacted rooting, nutrient availability). Slope
was reshaped to reduce steepness from 35-40⁰ down to 25⁰. The rough and loose technique
was then implemented in parts of the experimental blocks to increase surface roughness and
decrease mining waste bulk density. Overburden was then spread at the surface over some
restoration plots. The site preparation protocol is available in the Appendix, with further
details on the methodology used for the 2018 restoration trial implementation.

Table 5 Site Preparation: Findings and Potential Solutions

Findings Potential solutions

2017 fall site preparation led to an unstable slope
and landslide of the bottom half of the slope in the
spring during the melting of snow.

· Reshaping the slope should be done one year in
advance (at minimum the fall prior to the
plantation) to allow the slope to stabilize before
outplanting and seeding.

· The optimal depth of digging for the rough and
loose technique implementation should be
investigated in order to avoid unnecessarily
destabilizing the waste dump slopes. In order to
do so, the following measurements of the waste
dump surfaces must be taken: signs of erosion,
slope failures, rough and loose mound height
and shape.

Heavy machinery was not available on time in June
2018 and put the project in jeopardy.

· The heavy machinery must be reserved 4-5
months in advance and T2/VTI should have
definite confirmation from the TSMC mining
team that the needed heavy machinery will be
available for targeted dates or;

· T2/VTI should get an approved purchase order
for field activities in January of the year and
subcontract the heavy machinery needed for
site preparation.

With a 5-day delay and after long discussions and
logistical organization with the TSMC mining team,
the required heavy machinery was acquired and site
preparation completed.

As soon as the heavy machinery was available, the
site preparation went smoothly and took 3 days in
total.



2018 Restoration Trial Implementation: Progress Report

23

Selected photos

Timmins 4 waste dump slope reshaping Overburden added over rough and loose plot

General overview of the Timmins 4 restoration block 2 (with and without rough and loose)
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3.5 IRRIGATION

Irrigation is essential to ensure an adequate survival rate of the seedling/cutting plantations
and hydroseeding. It could be critical for the hydroseeding and cuttings, in particular during
the first three weeks when seeds germinate and the cuttings root system is established. A
network of 20 wobblers was installed on half of the experimental blocks. No water truck was
available, despite having been included in the purchase order with the local community.
Therefore, five 1000-L containers were installed to provide minimal irrigation to the planted
and hydroseeded plots. The irrigation protocol is available in the Appendix, with further
details on the methodology used for the 2018 restoration trial implementation.

Table 6 Irrigation: Findings and Potential Solutions

Findings Potential solutions

TSMC did not have the resources and time to conduct
the irrigation treatment as presented in the protocol
delivered at the end of June 2018.

· Have a T2/VTI supervisor on site who
coordinates summer and fall watering activities.

· Secure the access to a nearby water source.
· Have access to a water truck, either from TSMC

or from local communities.
· Collect snow and rain water in a nearby

waterproof basin or other type of installation.

No community members were available to water the
planted and hydroseeded plots.
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Selected photos

1-inch pipe secondary level irrigation network with wobbler and close-up of 1-inch pipe

2-inch pipe (blue) primary level and restoration block 1 irrigation system overview
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3.6 MANPOWER

Local manpower is essential to ensure the success of TSMC’s restoration activities, in
particular for seedling and cutting plantations, plantation maintenance and monitoring,
seeds/cuttings collection as well as relations and knowledge transfer with local communities.
The local manpower integration in the 2018 restoration trial was carefully planned in the
T2/VTI logistics plan submitted to TSMC in January. However, the purchase order to involve
local communities was only awarded in late June 2018, when the restoration trial was
implemented.

Table 7 Manpower: Findings and Potential Solutions

Findings Potential solutions

The local community members that were supposed
to support seedling preparation did not show up.
Three people came to help only for half a day during
planting of the seedlings but were inefficient. These
situations subsequently put the restoration trial in
jeopardy. Several contacts were made by TSMC with
a representative of the local community to correct
the situation, without any success.

· T2/VTI to negotiate with TSMC and local
communities to ensure the percentage of
planned manpower from the Schefferville region
is sufficiently small such that it does not
compromise the project if they do not show up.

· T2/VTI get an approved purchase order for field
activities in January 2019 and take care of the
subcontracting of manpower for field and
monitoring activities of the coming spring and
summer, including with local communities.

· One local staff is hired by T2/VTI (part-time or
full time, to be determined according to TSMC
needs) to take care of the restoration logistics
(seeds/cuttings collection and storage; seedling
orchards; site preparation; plantation; watering,
restored sites monitoring, data collection, etc.).

The T2/VTI team spent substantially more time on
site than planned to attempt to solve of the
manpower problem.

The T2/VTI team worked long hours (16 to 18 hours
per day) and stayed 3 days longer on site to
overcome the lack of manpower. The restoration trial
design was also adapted, lowering the number of
experimental blocks from 5 to 3.
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4 CONCLUSIONS
T2 and VTI overcame many technical and logistical challenges to establish the Timmins 4 site
restoration trial. The results of the restoration project are still more than satisfactory and it
is clear that the deployment of the project in 2019 will benefit from the lessons learned in
2018. Several recommendations are made in Section 3 to improve the project
implementation, which should be followed in 2019 in order to increase the quality of the
deliverables and optimize the contribution of all working teams involved in the T2/VTI
restoration project.

T2 and VTI are committed to support TSMC in developing the second phase of the research
and development project. Technically and economically viable solutions must be developed
to bring the ecological restoration to an industrial scale in order to restore larger waste
dumps and pits.

5 LIMITATIONS
This document describes the ecological restoration activities performed at the TSMC Timmins
4 site, and more widely summarizes the restoration project activities conducted to support
the ecological restoration of the TMSC mining site. This document is intended as a useful
consultation tool for TSMC and its partners.

It is important to note that the local communities will need to be consulted prior to the
production of the closure plan. TSMC is committed to restoring its sites in close collaboration
with local communities. TSMC will not ask to be released from its responsibilities until the
restoration work is carried out to the full satisfaction of local communities.

This document is meant to be consulted as a whole. A section of the document cannot be
cited out of its context. This document was made for the exclusive usage of Tata Steel Mineral
Canada Limited (TSMC) and contains confidential information developed through T2 and VTI
respective research and development programs. Any use or appropriation of the content of
the document other than for TSMC exclusive usages is strictly forbidden without the mutual
contentment of TSMC, T2 Environnement and Viridis Terra Innovations, and unauthorized use
will be prosecuted.
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1. Objective of the Protocol
The objective of this protocol is to establish guidelines for the harvesting, the transportation, the storage, the
preparation and the plantation of willow cuttings in order to maximize the survival and grow rates. The
experimental block display and the plantation design are presented in the Plantation and Hydroseeding Protocol
(P&H) and in its related appendices.

2. Necessary Material
2.1. Harvesting

For the harvest stage, only a sharp cutting tool and a large blanket or burlap and some rope to carry the stems
are needed. Lopping shears, hand pruning shears, a small wood saw, brush cutters, or a chain saw are
appropriate tools that can be used to harvest the stems.

2.2. Transportation and Storage
Here is a list of the equipment needed to transport and store the willow stems:

· Twine and/or rope
· Burlap or a reflective moisture barrier
· Large Styrofoam pieces to insulate the stems
· Large tarp or plastic to cover the stems
· Heavy materials (wood or metal) that can spend the winter outside

2.3. Preparation of Cuttings
The transformation of the stems into cuttings and the preparation of the cuttings to be outplanted will require
the following material:

· Buckets with flowing water or a stream or a lake were the stems can be soaked ideally for 5 to 10 days
· Painting primer
· Roots system hormones powder
· Sharp cutters
· Larges burlaps
· A small chain saw for the biggest cuttings

3. Harvesting
3.1. Selecting the Plant Material

For this project, stems from plane leaf willow (Salix planifolia) are used as cuttings. This species has been
selected because of its abundance in the region and because of its ability to colonize disturbed ecosystems
and promote ecosystem reconstruction after mining. Other willow species can also be used according to their
availability and project requirements.

Live wood of at least 1 year old or older, preferably woody stems of 2 to 5 years old, should be used. The
current year’s growth lacks the stored energy reserves necessary to consistently sprout when planted. Do not
use very old or dry wood. The best wood has a smooth bark which is not deeply furrowed. Older stems with
thick bark produce fewer adventitious buds and are less vigorous than younger stems.
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Cuttings that are made from willows growing in site conditions similar to the restoration site have a more
successful survival and establishment rate. Plant materials originating from a site that is 300 m in elevation
above or below the restoration site will not be well adapted to the restoration site conditions and have a lower
rate of establishment. Damaged stems also have a lower survival rate than healthy ones.

Ideal willow individuals collected for producing the cuttings should be from 2 to 8-cm in base diameter, at least
1.27 cm. Those willows will have a better chance of surviving following the harvest.

Procedure:
· Locate a site with a lot of plane leaf willows that has similar conditions to the restoration site.
· Select some willows that are 2 to 8 cm base in diameter.
· Choose stems that have a smooth bark.
· Select plant materials that are free of physical disease, fungal or insect damages.

3.2. Cutting Stems
Success of establishment is significantly increased if stems are harvested+ during the dormant season. This is
the period between the fall leaf drop and the plant leaf budding in the spring.

The stems should be long enough to be able to do 2 or 3 cuttings from each. They will be cut into cuttings right
before the outplanting stage. It is crucial to have fresh cuts on both sides of the cuttings when outplanting
them.

It is also important to make sure the willows from which the stems are harvested are going to recover from
the harvesting. Do not remove more than 30% of the overall canopy cover from any willow stand and do not
harvest all branches from any single willow.

Procedure:

· Cut the stems during the dormant season (one month after the shrub lost its leaves).
· Stems should measure between 1 and 2 metres.
· Approximately 1 000 willow stems of 1.5 m will be needed for the 2019 spring tests. An extra 500 stems

will be needed to proceed with a medium scale slope stabilization trial.
· Cut the stems with a sharp tool to make a clean cut.
· Be careful not to damage the bark.
· Keep the stems in a cool and shady place while waiting to store them. You can also water them a little to

keep them wet.
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4. Transportation and Storage
Some techniques can be used to facilitate transportation of the cuttings. Also, it is really important to properly store
the cuttings until they are outplanted. At all times, cuttings need to be protected from desiccation, sunlight and
wind.

Procedure:
· During transportation and storage, willow bundles should be covered or wrapped with burlap or a reflective

moisture barrier.
· Stems should be tied into bundles of 25 or 50 stems each, the important thing is that each bundle contains the

same number of stems.
· Stems should not be placed directly on the ground, they can be placed on wooden pallets or metal structures.
· Make sure the storage area is dark, moist, and cool at all times. If they are kept outside, choose a site where

snow can accumulate.  The snow will offer a good insulation and moisture content.
· Stem bundles may be covered with a black tarp or plastic to be kept dark.
· The bundles of stems should be protected from the extreme cold by Styrofoam pieces or fibreglass insulation

and large blankets if available.
· Put heavy materials, like wood or metal pieces on top of the protective layers to prevent them from blowing

away.
· Stems should be periodically checked for signs of frost damage and to insure mould is not forming.
· Optimal storage is usually done at the temperature of -3 to 4°C in a cold chamber under dark and moist

conditions.

5. Preparation of Cuttings
Cuttings of larger diameter have more energy and stored reserves than smaller diameter cuttings but are often
more difficult to place into the ground. Cuttings should be large enough that they will not bend or break while
driven into the ground during installation. Cuttings from 6 to 15 mm in diameter typically have the highest survival
rates, but cuttings up to 40 mm in diameter are used for some specific slope stabilization projects.

One of the most important steps is the identification of the top of cuttings. If cuttings are planted upside down,
mortality will occur. Cutting the two extremities of the cuttings with two different angles will allow quick recognition
of the cuttings top. Cut the tip to be planted in a 45° angle, this will also favour the insertion of the cutting in the
ground. The top end of the cutting is cut at a 90° angle.
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Soaking plant material before outplanting significantly increases the survival rate. Research shows that soaking
the cuttings in running or periodically refresh water for ideally 7 to 10 days, at least 3 to 5 days, can double the
survival rate. Cuttings should be removed from water before roots and adventitious bud emergence from the bark
(it normally takes 7 to 10 days). Before soaking in a stream or in large buckets, put the cuttings in permeable bags
and secure them so that the cuttings cannot come out. If necessary, add weight to the bag so that the cuttings
stay submerged. If large buckets are used, water needs to be changed at least every 48 h to avoid mould
occurrence.

Procedure:

· Cuttings diameter shall be 1.27-cm (½-inch) to 9 cm (3.54 inches).
· Cut the top of the cuttings with a horizontal cut and bottom with a 45-degree angle.
· Two different lengths of cuttings need to be done for the Spring 2018 test. A minimum of 540 long ones with

a length from 70 to 100 cm and a minimum of 540 short ones with a length from 25 to 30 cm. Remember
that 3–5-cm (1-2 inches) of the cuttings will be removed prior to planting. So, for the first cut you should
make sure you leave an extra length.

· Be careful not to damage the bark.
· Make bundles of 25 or 50 cuttings of the same length. Wrap them into a burlap and tie them with strings.
· Soak the bundles of cuttings in a stream or in a large container (1000 L) for 7 to 10 days.
· Remove the cuttings from water before roots emerge from the bark and before the buds start to open. After

5 days of soaking, check if the buds and the roots start to develop.
· Then, soak 1/3 of the bottoms of the cuttings for at least 24-36 hours in a solution of water and root growth

hormone powder in large buckets or sprinkle the powder on the bottom end of the cuttings if large buckets
are not available. The first option is to be favoured. It is also possible to make a homemade solution of
hormones with 50 % crushed small young willow cuttings (1-year-old) and 50 % water.

· Remove the bottom 3–5-cm (1-2 inches) of the cuttings with a clean diagonal cut to freshen up the conductive
xylem cells prior the outplanting.

· To prevent excessive desiccation, dip for a few seconds the top 1/3 part of the cutting bundles in a solution
made of 1 part of primer for 1 part of water. If it rains during this activity, cover the end of the cuttings that
was dipped into the solution with a tarp to let it dry a little.

· Outplant the cuttings in the field (see H&P protocol for details on how and where the cuttings were planted)
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1. Objective of the Protocol
The objective of this protocol is to establish detailed guidelines to prepare the seedlings and small cuttings and to
outplant them in order to maximize their survival and establishment rates. The experimental block display and the
plantation design are presented in the Plantation and Hydroseeding Protocol (P&H) and in its related appendices.

2. Necessary Material
2.1. All

· Mini tunnels used for vegetable growing (http://www.duboisag.com/fr/arceaux-pour-mini-
tunnel.html)

2.2. Control
When outplanting the cuttings and the seedlings in the control and cuttings plantation substrate (no substrate),
one should ensure the following material is available:

· 720 seedlings 45/110 plugs (180 of each species), 180 small cuttings and 540 long cuttings.
· Hammer or mace for the cutting (if the soil is compacted)
· Rebar (if the soil is compacted)
· Planter shovel
· Trowel

2.3. Large Jiffy plugs Containing an Already Made Growing Substrate
2.3.1. Preparation
Material needed for the preparation of large Jiffy plugs:

· 720 seedling Jiffy plugs (180 of each species) and 180 small cuttings added in empty Jiffy plugs on site
· 900 large Jiffy plugs in total

2.3.2. Outplanting
The following items are the only ones needed to outplant the Jiffy:

· Planter shovel
· Trowel

2.4. 2 L bag
2.4.1. Preparation
The preparation of 1940 2 L bags will require the following items:

· 1760 seedling 45/110 plugs (180 of each species for blocks and 260 additional of each species for tests
outside the blocks) and 180 small cuttings

· 3880 L of soil
· 19.4 kg of fertilizer 8-31-8
· 19.4 kg of hydrogel
· Accurate weighing scale (gram or less)
· Pots of 2 L to measure the soil
· Small pots to measure the fertilizer and the hydrogel
· 1940 burlap 2L bags
· 1940 elastic bands
· Boxes (anything that can contain the filled bags)
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2.4.2. Outplanting
Only a few things are needed to outplant the 2 L bags:

· Planter shovel
· Trowel

3. Control
Seedlings were produced from locally collected seeds (see Seeds Harvesting Protocol or SHP) at the Pépinière
Boucher in Lac Saint-Jean and the cuttings were produced according to the Willow Cuttings Preparation and
Plantation Technique (WCP).

The control seedlings and cuttings are going to be planted directly in the mine waste or overburden spread at the
surface of mine waste. Avoid planting in the summer because of heat stress and a shortened growing period. Early
spring (start to mid-June at the TSMC site), just after snow melt and when the soil is loose enough, is ideal.
Procedure:
· If the seedlings have spent more than 7 days in the refrigerated trailer, they should be exposed to the sun

gradually. After watering them, put them outside, in a shady place for 2 days, not exposed to the wind. Then,
gradually expose them to the sun during a three-day period (1/4 day, ½ day, and full day). Choose a location
sheltered from the wind and night frost. Check the root moisture and water when needed.

· Plant the cuttings and the seedlings in early spring, after snow melts and when night frost is not a problem
(temperature not going below -2⁰C) and when the soil is loose enough.

· Water the seedlings just before outplanting.
· Start by planting the seedling at the end of the experimental blocks and progressively fill the empty plots

backward to avoid walking near the planted seedlings.
· Use a planter shovel to dig a hole for the seedlings.
· Push the cuttings directly into the soil for outplanting and use a hammer and a rebar if the soil is too compacted

to create a hole that has a smaller diameter than the cutting.
· The larger and longer the cuttings, the deeper the cuttings need to go into the soil.
· For the seedlings, all the shoots should be above the ground and all the roots should be underground.
· Each cutting should have a minimum of 2–4 leaf nodes or bud scars above the ground.
· 2/3 to 3/4 of the cutting length should be placed below the soil surface.
· There must be a distance of 1 m between each plant.
· Avoid damaging buds when inserting the cutting into the hole.
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4. Jiffy
4.1. Preparation

Seedlings were produced from locally collected seeds (see Seeds Harvesting Protocol or SHP) at the Pépinière
Boucher in Lac Saint-Jean and the cuttings were produced according to the Willow Cuttings Preparation and
Plantation Technique (WCP).

Procedure:
· Water the seedlings just before outplanting.
· If the seedlings have spent more than 7 days in the refrigerated trailer, they should be exposed to the sun

gradually. After watering them, put them outside, in a shady place for 2 days, not exposed to the wind. Then,
gradually expose them to the sun during a three-day period (1/4 day, ½ day, and full day). Choose a location
sheltered from the wind and night frost.

· 440 Jiffy containers contain Picea mariana seedlings, 440 Betula glandulosa, 440 Vaccinium uliginosum and 440
Alnus crispa.

· Dig a hole in the soil of the Jiffy plug a little bit wider and deeper than the plug.
· Place the plug in the hole and start filling the rest of the hole with loose soil.
· The plug should no longer be visible when the hole is filled.
· For the seedlings, all the stems should be above the ground and all the roots should be under the ground (at the

seedling roots collar).
· For small cuttings (25-30 cm), gently insert the small cuttings in the Jiffy plug.
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4.2 Outplanting
The outplanting of the Jiffy should be done in the loose soil of the waste dumps. Summer and winter are both
too harsh seasons for planting. Furthermore, in the Schefferville region, the conditions may be too harsh for
the fall plantation to allow seedling establishment and winter survival. It is more appropriate to plant in the
spring, when the weather is cool, but not cold and the air is not too dry. Seedlings in large Jiffy plugs must be
watered just before outplanting. The ground surrounding the Jiffy should not be compacted to allow the water
and the oxygen to circulate freely.

Procedure:

· Start by planting the Jiffy at the end of the experimental blocks and progressively fill the empty plots
backward to avoid walking near the planted seedlings.

· Dig a hole that is only a little wider and deeper than the Jiffy.
· Place the Jiffy in the hole and start filling the rest of the hole with loose soil.
· The Jiffy should no longer be visible when the hole is filled.
· For the seedling, all the branches should be above the ground and all the roots should be under the ground

(at the seedling roots collar).
· Do not compact the soil around the Jiffy.
· There must be a distance of 1 m between each plant.

5. 2 L bag
5.1. Preparation

Seedlings were produced from locally collected seeds (see Seeds Harvesting Protocol or SHP) at the Pépinière
Boucher in Lac Saint-Jean and the cuttings were produced according to the Willow Cuttings Preparation and
Plantation Technique (WCP).

To avoid the hydrogel from coming into contact with water or that the mixture to blow away, the preparation
of the 2 L bags should be made inside under all circumstances. The substrate mixture inside the burlap bag will
ensure that the seedling or the cutting has the necessary nutrients and water input to promote its establishment
and survival. Hydrogel will play a significant role in protecting plants against water shortage by diminishing soil
water transpiration, thereby retaining more water in the bag.

Procedure:
· The preparation of the 2 L bags must imperatively be done inside.
· Moisten the peat moss using a small concrete mixer.
· 1940 2 L bags need to be prepared.
· 180 2 L bags will contain small willow cuttings.
· 440 2 L bags will contain Picea mariana seedlings, 440 Betula glandulosa seedlings, 440 Vaccinium

uliginosum seedlings and 440 Alnus crispa seedlings.
· Start by weighing 10 g of hydrogel and 10 g of fertilizer (8-31-8) in the cups and mark them to get the

right amount each time without using the scale.
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· Fill each burlap bag with 2 L of moist peat moss, 10 g of fertilizer and 10 g of hydrogel and manually mix the
substrate.

· Put one seedling plug or one cutting per burlap bag.
· There should be a layer of substrate mixture between the seedling plug or the cutting and the sides of the

burlap bag (more or less in the centre of the bag).
· For the seedling, all the stems should be above the ground and all the roots should be under the ground (at

the seedling roots collar).
· For the cuttings make sure 2/3 to ¾ of the cutting length is below the soil surface.
· Tie the opening of the bag on the cutting or root collar with an elastic band.
· Put all the burlap bags with the cuttings in a box of some sort to keep them from falling and to facilitate the

transport to the site.

5.2. Outplanting
The outplanting of the 2 L bags were done on each type of mine waste substrate (see the P&H protocol for
more details). Summer and winter are both too harsh seasons for planting. Furthermore, in the Schefferville
region, fall conditions may be too harsh for fall plantation to allow seedling establishment and winter survival.
It is more appropriate to plant in the spring, when the weather is cool, but not cold and the air is not too dry.
Seedlings must be watered just before outplanting. The ground surrounding the bags should not be compacted
to allow the water and the oxygen to circulate freely. The burlap bags should not be visible from above ground.
The burlap bags will eventually break down and decompose to let the roots of the plant expand in the mine
waste.

Procedure:
· If the seedlings have spent more than 7 days in the refrigerated trailer, they should be exposed to the sun

gradually. After watering them, put them outside, in a shady place for 2 days, not exposed to the wind.
Then, gradually expose them to the sun during a three-day period (1/4 day, ½ day, and full day). Choose a
location sheltered from the wind and night frost. Check the root moisture and water when needed to make
sure the roots stay moist.

· Start by planting the seedlings with burlap bags at the end of the blocks and progressively fill the empty
plots backward to avoid walking near the planted seedlings.

· Dig a hole with the planter shovel that is only a little wider and deeper than the bag.
· Place the bag in the hole and start filling the rest of the hole with loose soil.
· The bag should no longer be visible when the hole is filled.
· For the seedling, all the stems should be above the ground and all the roots should be under the ground (at

the seedling roots collar).
· Do not compact the soil around the bag.
· There must be a distance of 1 m between each plant.
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1. Objective of the Protocol
The objective of this protocol is to establish detailed guidelines to allow for good site preparation before restoration
activities in order to maximize the survival and establishment rates of the cuttings, the seedlings and the
hydroseeded parcels.

2. Necessary Material
2.1. Site selection

· Maps
· GPS

2.2. Slope Reshaping
· Large bulldozer

2.3. Experimental Block Design
· Computer
· Site map

2.4. Experimental block Delineation
· Stake flags – Marking flags
· Flagging tape
· Blue spray paint
· 30 reflective markers (6 for each block)
· 50 m measuring tape
· 100 m rope
· Permanent black markers

2.5. Block Preparation
2.5.1. Pre-treatment of Surfaces

2.5.1.1. Rough-and-Loose
· Excavator

2.5.1.2. OverburdenMmix
· Excavator
· Dump truck

2.5.2. Watering Treatment (irrigation)
2.5.3. Nutritional Inputs

2.5.3.1. Granular Fertilizer
· 200 kg/ha Eco+ 14-14-14

2.5.3.2. Dolomitic Limestone
· 3 000 kg/ha

3. Site Selection

Several criteria are required to select a site suitable for an ecological restoration trial. First of all, it should not be
used for current or foreseeable mining activities. Also, the site needs to be large enough to contain all the
experimental blocks. The site must feature uniform soil characteristics all over to ease the statistical analysis (to
reduce undesirable variance). It should also present characteristic similar to the site to be restored at large scale.
Finally, the site must be securely accessible. The block should be placed accordingly to follow climatic gradients.
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4. Slope Reshaping
Some slopes of the Timmins 4 waste dump show significant instability problems, with slopes sometimes as steep
as 45⁰, showing slow and fast slope movement (creeping and slumping). Slopes of waste rock piles should not
exceed 30° and preferably 25° in order to protect soil against landslides and erosion. The slopes must be reshaped
to 30° or less in order to increase the stability of the Timmins 4 dump and prepare the site for restoration. However,
the bottom of the slopes reshaped in the fall of 2017 on the Timmins 4 dump presented signs of instability in the
spring of 2018. A year (or even 2) period may therefore be necessary to let the reshaped slope material stabilize
and the slope find stability. The 2019 plan may therefore have to be modified according to this new information.

Procedure:
· Push the material of the waste dump from the top to the bottom of the waste dump with a bulldozer.
· Continue until the slope angle is less than 30° (an excavator needs to be able to drive on the slope after the

reshaping is done).
· Monitoring of slope stability will be necessary to know how long it takes to reach stability. This information in

unknown at this stage of the project.

5. Flat Area

For the flat area such as the top waste dump pile or the lower bench of Timmins 4, no reshaping is required but
some protection can be made with rough & loose and overburden at the top of the Timmins 4 waste dump. See
section 8.1 of the current for details.

6. Experimental Block Design
The experimental block design is used to divide the site to test all possible treatment combinations of watering
treatment, site preparation, nutrition treatment, plantation substrate and hydroseeding for each plant species.
The design of the experimental block should be done by qualified land reclamation specialists. See the Hydroseeding
and Plantation Protocol (P&H) and its appendices for more details.
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7. Experimental Block Delineation

All the experimental blocks were delineated and marked with stake flags, flagging tape, and spray paint. The
delineation allows to separate the different blocks in plots in order to properly apply the different treatments in
each.

Procedure:

· Follow the plan that has been made at step 6 (Experimental block design is shown in the appendix).
· Plant a reflective marker at each corner of each block (15 m X 50 m) as well as for half of the two longest sides

(at 25 m).
· Connect each stick by painting on the ground with the blue spray paint.
· Split the block into 36 plots, 18 for seedling plantation and 18 for hydroseeding (4 m X 5 m plots) using surveyor

flags and blue paint.

8. Block Preparation
8.1. Pre-treatment of Surfaces

8.1.1. Rough and loose Technique
The rough and loose technique will be used to recreate microsites that will reduce the negative impact
of wind, favour snow accumulation, and provide shelter to vegetation. The technique encourages the
development of irregular topography comparable to that of natural ecosystems which decreases
erosion potential and water speed on slopes. Also, the rough and loose technique loosens waste rocks,
bringing smaller particles back to the surface and improving the water infiltration capability of soil, thus
reducing runoff and enabling soil to maintain water availability to plants during periods of drought.

Procedure:
· Use an excavator with a digging bucket (1-m+ wide).
· Open holes on soil or mine waste, dumping the material that is generated from the holes in mounds

between the holes (see the bellow figure for an example).
· The excavator takes a large bucket full of soil and places it to the left of the hole that was just open,

half a bucket away from the hole so it is half in and out of the hole.
· Soil representing half a bucket width to the right of the first hole is left untouched leaving half a

bucket between excavated holes.
· A second hole is then excavated to the right of the untouched soil. The material is then placed

between the first and second holes, so it is a quarter in the first hole, half on the untouched soil,
and a quarter bucket on the second hole.
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· Finally, the last two activities are repeated until the excavator reaches the end of the row.
· Other rows are made following the same steps. However, the holes are dug and aligned with the

untouched soil of the previous row.
· Care should be taken when excavating the holes to scatter the material between holes as the hole

is dug.

8.1.2. Topsoil/Overburden Mix
Compared to the waste rock material, topsoil and overburden has geochemical and physico-chemical
properties more similar to natural ecosystems soil (topsoil) and surficial deposit (overburden).
However, for the 2018 restoration trial, only overburden was used due to a lack of time and resources.
An overburden/topsoil mix will be tested in the 2019 restoration trial.
Procedure:
· Take some of the nearby Timmins 4 overburden with an excavator and use a dump truck to carry it

up to the restoration site. Do the same thing with the topsoil.
· Mix the overburden and the topsoil (3 to 1 ratio) with the excavator.
· Use the excavator to carry the overburden/topsoil mix up to each targeted plot.
· Add a layer of around 10 cm of the topsoil/overburden mix where necessary with an excavator.
· Make sure not to compact the soil.

8.2. Watering Treatment
Weather forecasts in Schefferville are unpredictable. Some summers (i.e. no rain in July 2016) showed a
significant period of drought. The effect of a periodical irrigation on plants establishment and survival therefore
needs to be measured. Consult the Irrigation Protocol (IrP) for more details on how and when to irrigate.
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Procedure:
· Only deal with a professional irrigation retailer to design and buy the irrigation equipment.
· As shown in the experimental block design in the appendix, half of the surface of the block is irrigated. The

other half is not.
· Water source should come from a water tanker truck.
· 4 wobblers per experimental block received the irrigation) covering (18 m X 18 m, see irrigation design per

block in the appendix), for a total of 24 wobblers.
· Each wobbler is connected to an IPEX 1 inch diameter pipe.
· Each wobbler line (two per block) is connected to a water 25 PSI pressure regulator.
· Each wobbler line is connected to the main irrigation line (2 inches flex blue pipe).
· The main irrigation line is connected to a 6.5 HP gasoline pump.
· The pump has a filter to avoid muddy materials plugging the wobblers
· The gasoline pump is connected to the water tanker truck with a flex high pressure 2-inch pipe.

8.3. Nutritional Inputs
Granular fertilizer and dolomitic limestone will be added manually were necessary in order to measure their
effects on plant grown and survival.

8.3.1. Granular Fertilizer
Waste rocks, but also overburden at a lesser extent, contain very low concentration of N, P, and K. Slow
release granular fertilizer will make these three important nutritional elements available to the trees
and shrubs, thereby, possibly improving seedling early establishment on TSMC waste dumps.
Procedure:
· Apply the granular fertilizer (Eco+ 14-14-14, 200 kg/ha = 0.4 kg/plot (4m X 5m)) manually in the

appropriate area according to the experimental block design (Appendix), using a small bucket and a
measuring cup.

8.3.2. Dolomitic Limestone

In order to reduce Fe and Mn availability to plants in waste material to avoid toxicity, pH has to be
increased. Dolomitic limestone, which is a sedimentary rock mainly composed of different forms of
CaMg(CO3)2, is known for its ability as an amendment to enhance soil pH while increasing Ca and Mg
content in soil. By enhancing pH, limestone also improves plant N, P, K, Mg, and Ca availability in soil,
one of our main limiting factors in TSMC waste rocks.
Procedure:
· Apply the dolomitic limestone (3000 kg/ha = 6 kg/plot (4m X 5m)) manually in the appropriate area

according to the experimental block design (Appendix), using the limestone bag directly to spread
the limestone.
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1. Objective of the Protocol
The objective of this protocol is to establish detailed guidelines for the application of the new innovative SYLVENTM

technology. Hydroseeding of SYLVENTM formulation allows the establishment of high-density shrub and tree
communities on site. The SYLVENTM formulation provides necessary water, nutrients, mulch, and other
amendments for enhancing seed germination and thereafter seedling establishment on mine waste.

2. Necessary Material
· Finn T30 Hydroseeder
· 100 m rigid pipe
· Extra 50 m rigid pipe
· Water pump to fill the tank with river or lake water or water truck
· Spraying guns
· Greasing gun and grease
· Hydroseeder key
· Knife
· Precision scale
· 1 L measuring cups
· 50 ml tubes
· Mask (optional)
· Gasoline in a 5- to 10-gallon tank
· Formulation components

- Water (27 778 kg/ha)
- Wood fibre (at least 3 000 kg/ha)
- Hydrogel (150 kg/ha)
- Adhesive (4-7 kg/ha)
- Granular fertilizer (384 kg/ha)
- Pleurotus inoculant (12 L/ha)
- Seeds

Quantity X                                                            Quantity 4X
VU = 242 507 seeds/ha VU = 970 029 seeds/ha
AC = 1 854 103 seeds/ha AC = 7 416 414 seeds/ha
BG = 1 018 211 seeds/ha BG = 4 072 845 seeds/ha
PM = 87 654 seeds/ha PM = 350 617 seeds/ha
Total = 3 202 476 seeds/ha Total = 12 809 905 seeds/ha
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3. Preparation
When filling the hydroseeding tank, always add the lightest materials first. Hydrogel is added at the restoration site,
just before starting hydroseeding the SYLVENTM formulation.
Procedure:

· Start the water pump.
· Fill the tank until water reaches the upper side of the shaft.
· Stop the pump.
· Start the hydroseeder.
· Begin reverse agitation at low to medium speed.
· Add the seeds.
· Add the inoculant.
· Add the adhesive.
· Add the fertilizer.
· Start the water pump again.
· Fill the tank with water until it reaches 200 gallons while adding the mulch (wood fiber in this case).
· If water reaches 200 gallons before finishing to add the mulch, stop the water pump and finish adding

mulch.
· Speed should be increased to almost full speed to increase mixing when adding mulch.
· Start the pump again and fill the tank until it reaches 300 gallons.
· Increase speed to full speed during 1 min.
· Reduce speed to low.
· Transport the hydroseeder close to the plots where the mix is applied (the hydroseeder has to be no more

than 150 feet from the plots).
· When arriving on site, add the hydrogel and put forward agitation at full speed during at least 1 min.

4. Hydroseeding
Proceed to hydroseed the chosen plot.
Procedure:

· Add the appropriate spraying gun.
· Carry the pipe to the plots.
· Reduce speed to medium.
· Make sure the recirculation valve is open.
· Open the pump discharge valve.
· Engage the clutch.
· Open the remote valve and start to hydroseed uniformly the plots.
· Someone has to verify the level of formulation in the hydroseeder while counting the time of spraying to

ensure each plot receives the same amount of formulation.
· When the tank is empty, the valves are closed, the engine is stopped, and the pipe is rolled back to the

hydroseeder.
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5. Maintenance
The hydroseeder must be well maintained each day to ensure proper operation.
Procedure:
· The pipes must be emptied of water every day.
· The hydroseeder needs to be cleaned, rinsed and greased after each use.
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1. Objective of the Protocol
The objective of this protocol is to establish guidelines for the harvesting of native shrub and tree seeds. In nature,
millions of seeds are dispersed into the disturbed sites every year, yet only a few successfully grow and thrive. To
succeed, individuals need to come from the right species, one capable of thriving on these disturbed ecosystems.

They must also have the right genetics to help them survive the harsh environmental conditions of mine wastes. As
a result, seeds shall be collected from individuals and stands with varieties that have genetically developed these
adaptations and thrive in conditions as similar as possible to a disturbed mining site.

2. Necessary Material
2.1. Harvesting

Here is a list of equipment needed for harvesting seeds from native shrubs and trees:
· One pail for each collector (if more than one species is collected, use one pail for each species)
· One small 1L bucket to measure the quantity of catkins or cones collected (count the number of fruits

needed to fill the bucket the first time and then count the number of buckets collected in the pail)
· GPS to indicate location of the collection
· Camera to take pictures of places where seeds are collected
· Permanent marker to write on bags
· Field form, to document collection information: date, GPS coordinates, quantity of collected material per

location (amount of paper bags and number of buckets in each bag)

**** Avoid collecting when it is raining

2.2. Transportation
Here is a list of the equipment needed to transport and store the seeds:

· Dozens of paper bags for catkins and cones in order to keep them dry
· Paper cards to identify the species, lot number, GPS coordinate, location of collection, picture number

(this card follows the seed collected until the seed processing facilities)
· Cold chamber or cooler with ice packs (Only for berries)
· Closed hard containers when necessary (Only with berries)

2.3. Short Term Storage and Shipping from TSMC Site to Seed Processing Facilities
Materials needed for short-term storage before shipping to seed processing facilities:

· Cool and dry space protected from bad weather
· Tables to spread out the catkins and cones for drying
· Dehumidifier
· Refrigerator when necessary (only for berries)

Materials needed for shipping to seed processing facilities:

· Cart boxes for catkins and cones
· Cooler with ice for berries
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3. Harvesting Procedure
3.1. For all Species:

· Take pictures of all seed collection sites
· Complete the seed collection form (date, GPS coordinates, quantity of collected material per location

(number of lunch paper bags and number of buckets in each bag))
· Collect seeds in several different sites to increase genetic diversity.
· Select collection sites with ecological conditions similar to the site to restore.
· When collecting, fill up the first paper bag or a small bucket by counting the number of catkins and cones

that you put in, then calculate the amount of paper bags or buckets you will need to fill up in order to harvest
the necessary fruit quantity for each species.

3.2. Glandular birch
· Check every day or second day the status of seed ripening starting in early September. See photos in

Appendix D to identify proper seed appearance.
· Collect the catkins when ripening begins in the fall from early September to late October.
· Select mature catkins that have turned greenish brown instead of green and that the seeds inside are brown.
· Avoid collecting catkins with insect bites or collecting branches or other impurities.
· 45 000 catkins need to be collected in 2018.

3.3. Bog blueberry
· Check every day or second day the status of fruit maturity starting in early August. See photos in Appendix

D to identify proper seed appearance.
· Collect the berries from early August to late August.
· Select the berries that are ripe and have turned dark blue.
· Bog blueberry will not be collected in 2018. Seed viability is not good enough for economically efficient

harvesting.
3.4. Plane leaf willow

· Check every day or second day the status of seed ripening starting in late-June.
· Collect the seeds in July (maybe late June for an early spring), just after the capsules began to open.
· Select mature catkins that have turned yellowish brown instead of green and that the seed-coats are firm

and the seeds have a dark charcoal and black colour.
· 30 000 catkins will ideally be collected in summer 2019.

3.5. Green alder
· Check every day or second day the status of seed ripening starting in early September
· Collect the seeds from early September to late October. See photos in Appendix D to identify proper seed

appearance.
· Be careful not to confuse green alder with its sister species, the speckled alder (Alnus incana ssp. Rugosa).
· Select mature catkins that have turned to a greenish-brown colour.
· Avoid collecting catkins with insect bites or collecting branches or other impurities.
· 15 000 catkins will be collected in fall 2018.
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3.6. Black Spruce
· Check every week the status of cone maturity starting in early September. See photos in Appendix D to

identify proper cone appearance.
· Collect the cones from early September to late November. The best seed collection sites are located in the

bottom of valleys where black spruce trees are found in higher abundance under better growth conditions.
On exposed sites, the spruce trees produce very little viable seeds and reproduce mainly by layering. This is
the reason why we favour collecting in the bottom of valleys.

· Select only fresh current year cones. Cones reach maturity in September.
· Select mature cones that have turned to a dark purplish-brown colour instead of a deep red to purple colour.
· Avoid collecting cones with insect bites or collecting branches or other impurities.
· 10 000 cones will be collected in fall 2018.

4. Drying and short time storage
Procedure :
4.1. Keep the catkins (alder, birch, willow) and cones (black spruce) in an aerated, cool (10-15 ⁰C) and dry place in

paper bags.
4.2. Discard all branches, leaves and other foreign bodies from the piles of catkins.
4.3. Spread catkins and cones on a table in a dry room if they are wet.
4.4. Keep the berries in a refrigerator at 4⁰C.
4.5. Ship the seeds as quickly as possible.

5. Transportation Procedure

Catkins are transported by plane as soon as possible to the T2/VTI office for quality control. Following quality control, the
seeds will be sent to the ministère de la Forêt, de la Faune et des Parcs (MFFP) seed processing facilities.

5.1. Glandular birch, green alder and black spruce
· Keep the catkins and cones in an aerated, cool and dry place in paper bags during transportation and until

seed processing.
5.2. Bog Blueberry

· Keep the berries at a temperature of between 2°C and 10°C in a cooler with ice packs during transportation
and in the MFFP refrigerator before processing.

· Transport the berries in closed hard containers to avoid crushing them.
5.3. Plane leaf Willow

· Catkins are placed in paper bags when collected, allowing moisture to escape and preventing overheating
(< 20°C).

· Discard all branches, leaves and other foreign bodies from the piles of catkins.
· The drying and extraction process needs to be started within 24 hours of collection.
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6. Processing and Storage
6.1. Glandular birch

· Dry the catkins in an incubator with less than 23% relative humidity.
· Store the seeds at -18°C to -20°C or at -1°C to 3°C at a moisture content of between 5%-7% until use.

6.2. Bog blueberry
· Soak the berries in cold running water inside muslin bags in a pelt for 3 to 6 days in order to soften the

peels and the pulp.
· Process the berries in a blender with adhesive tape placed on the blades to prevent seed damage so that

the peels and pulp are well separated from the seeds.
· Add water to the blender content and continue mixing while peels and pulp are discarded and seeds

decant at the bottom.
· Repeat these steps until water is transparent and almost all residue of the berries is gone.
· Remove the leftover residues at the top.
· Dry the seeds in an incubator with less than 23% relative humidity.
· Store the seeds at -1°C to -3°C at a moisture content of between 5%-8% until use.

6.3. Plane leaf willow
· Place the seeds on screen trays for drying. 24 hours of drying is usually sufficient, but it depends on place

relative humidity that may delay the process if high. To maximize the drying process, a room where
relative humidity is controlled to 20-23% should be used. The opening of capsules is the indicator of
seed ripening. This should be surveyed regularly in order to obtain good quality seeds.

· Dislodge the seeds from the cotton tuft by using air movement.
· Store the seeds at -18°C to -20°C at a moisture content of between 5%-8% until use.

6.4. Green alder
· Dry the catkins in an incubator with less than 23% relative humidity.
· Store the seeds at -18°C to -20°C or at -1°C to 3°C at a moisture content of between 5%-8% until use.

6.5. Black spruce
· Dry the cones in an incubator with less than 23% relative humidity.
· Store the seeds at -18°C to -20°C or at -1°C to 3°C at a moisture content of between 5%-8% until use.
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1. Objective of the Protocol
To succeed mining site reclamation, it is essential to understand the natural environmental conditions of the area.
Therefore, ecosystem characterization with particular emphasis on edaphic conditions need to be realized. An
ecological characterization of the disturbed sites (waste dumps and other related mining sites) should also be done
to better understand the ecology of the site to restore. The objective of this protocol is to establish guidelines for
ecosystem characterization and soil sampling.

2. Necessary Material
2.1. Ecosystem Characterization

· Ecosystem Field Form from the “Field Manual for Describing Terrestrial Ecosystems 2nd Edition” of the
British Columbia Ministry of Forests and Range and the British Columbia Ministry of Environment.

· Plant Identification guides
· GPS
· Compass
· Plant press (herbarium)
· Clinometer

2.2. Soil Characterization
· Auger or shovel
· Pail
· Knife
· Plastic bags
· GPS
· Tape measure or ruler
· Field form
· Permanent markers
· Cooler
· Mobile pH meter

3. Ecosystem Characterization
Natural ecosystem characterization must be done on each slope aspect close to where the deposits are located, on
the upper slope or ridge and at the bottom of the slope. Additional ecosystem characterization can be done on mid
slope position if the ecosystem characteristics are really different from the two others. The ecosystem
characterization will be done by filling the Ecosystem Field Form as per the Field Manual for Describing Terrestrial
Ecosystems 2nd Edition” of the British Columbia Ministry of Forests and Range and the British Columbia Ministry of
Environment. Complete the “Site description” and the “Vegetation” sections. In order to better understand the
natural ecosystem variability occurring close to the site to restore, a total of 8 to 10 field forms must be completed.
One to two field forms must also be completed on each mine waste dump or other mining site to restore. Quadrant
are 400 m2 each (11.5 m radius).
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4. Soil Characterization

For each ecosystem survey sample, one soil pedon will be dug out with a shovel or an auger until it is not possible to
dig anymore, or water table is reached. Soil profile description will be done according to the Ecosystem Field Form as
per the Field Manual for Describing Terrestrial Ecosystems 2nd Edition” of the British Columbia Ministry of Forests and
Range and the British Columbia Ministry of Environment. Complete the “Soil description” section. The following
parameters will be documented in the field sheet:

· Parent material texture
· Surficial material description
· Soil classification
· Rooting depth
· Root restricting layer
· Drainage
· Flood regime
· Profile diagram
· Horizons deepness (for both organic and mineral horizons)
· Horizon soil texture
· Horizon soil structure
· % of coarse fragment in each horizon
· Presence of intrusions
· Presence of bolds

5. Soil Sample Collection

In each natural ecosystem sampled, two soil samples of at least 200 g are collected in the first 10 cm and a second one
on the following 20 cm. One in the pedon dug for the soil characterization and another one within the same plot limit.
Soil samples of the same natural ecosystems (same ecotype as determined during the ecological characterization) are
mixed together to give a composite sample. Write the sample number in the bag (site code, ecosystem code) using a
permanent marker.

Furthermore, one composite sample is taken from each mine waste dump. The composite sample is made of 10
individuals distributed soil samples on site mixed together. These 10 samples are collected equally distanced of each
other, on each waste dump side. Each individual sample includes 100 g of soil from the first 10 cm and another 100 g
from the following 20 cm. Each composite sample should be given the same sample name and number of their
corresponding ecosystem characterization field sheet.
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The composite samples will be analyzed in Maxxam laboratories. The following parameters should be assessed:

· Granulometry (% sand, silt, clay, gravel+)
· Total C and N content
· Soluble cations (P, Ca, K, Mg, Na, S)
· % Saturation
· % Moisture
· pH
· Total Extractable Metals by ICP-MS (Al, Ag, As, Ba, Be, Cd, Ca, Cr, Cu, Co,

Fe, Mg, Mn, Mo, Ni, Hg, P, K, Pb, Se, Na, Zn)
· Soil mineral composition by MA 250 4 Acid Digestion Ultratrace ICP-MS Analysis
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1. Objectives
The objectives of these activities were to implement the plantation experimental design on the TSMC site.

Several variables have been tested with this experimental design. The implemented layouts are presented in
Appendix B and the original layouts in Appendix C (previously to the experimental design changes due to logistical
constraints) The following variables were tested: site preparation (Rough & Loose) vs unprepared compacted soil;
fertilizer application (dolomitic limestone, rapid and slow release fertilizers) vs original soil (as a control); irrigation
vs natural precipitation regime; overburden soil application vs original soil; tree and shrub seedlings plantation vs
hydroseeding.

NB: the irrigation system was installed for summer 2018. However it was only used few days during the summer
due to lack of manpower on site and unavailability of water truck; thereby, it will have to be tested again in 2019.

Because of logistical constraints, only three blocks were established on the study site contrary to the initially planned
five blocks. Two blocks were put on the flat top of the Timmins 4 waste dump while one block was established on
the south-west-facing slope. One third of each block was treated with Rough & Loose site preparation technique,
another third of each block received Rough & Loose treatment and a 10 cm layer of overburden, while the last third
was left without preparation. Soil preparation was done before outplanting and hydroseeding. Furthermore, plant
material was preferably established in the microsite depressions, created by R&L site preparation.

2. Necessary Material
a. Plantation: Seedlings Grown in Pepinière Boucher Greenhouse

· Green alder (seeds with Schefferville provenance)
· Bog blueberry (seeds with Schefferville provenance)
· Glandular birch (seeds with Schefferville provenance)
· Black spruce (seeds with Quebec provenance): 1-year old seedlings and several month-old seedlings

b. Plantation: Cuttings and Micro-cuttings
· Plane leaf Willow: 60 cm, 25 cm, 5 cm

c. Plantation: Seedlings Excavated near TSMC Mined Sites (close to Flemming 7)
· Bog blueberry
· Glandular birch

NB: More than 80% of bog blueberry, black spruce and glandular birch provided by Pépinière Boucher were not viable
due to transport, acclimation problems, small age, and lack of dormancy. In order to increase the probability of success
of the restoration trial, green alder and bog blueberry excavated seedlings were added in the planting bags or
biodegradable pots containing these species.
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d. Planting Substrate (Quantity Varies According to Restoration Site Area)
· Planting substrate in the biodegradable pots was prepared by the Pépinière Boucher, slow release

fertilizers (approx. one table spoon) has been added to the experimental units with treatment, while in
the control units no fertilizers have been applied.

· Planting substrate used for planting bag assembly contains peat moss and hydrogel.

NB: It is important to moisturize peat moss before hydrogel addition. The easiest way to moisturize excessively dry peat
moss is to pour hot water on peat moss substrate and mix it together with a small cement mixer until it becomes moist.

e. Plantation Equipment (Quantity Varies According to Restoration Site Area)
· 2 L planting bags with seedlings
· Jiffy pots with seedlings
· Root growing hormones
· Primer-water solution (1:1) (to protect willow cuttings against desiccation)
· Fertilizers: dolomitic lime, fast 8-31-8 (Synagri) and slow 14-14-14 (ECO+) release fertilizers
· Buckets
· Planting shovels
· Pick axe
· Plant transportation containers (modified wooden pallets)
· Two 50 m tapes measures
· Ropes (100 m)
· Flagging tape

3. Experimental Design of Treatment Unit with Plantation
Each treatment unit contains 5 rows of different species outplanted with different techniques and treatment
(Appendix). One “longitudinal” row contains 5 willow cuttings of 50 cm long, planted directly into the soil. These
long willow cuttings were covered with Primer-water solution to prevent desiccation, while bottom parts of the
cuttings have been powdered with root growth hormones. Opposite to each long willow cutting starts the
“meridional” row containing different species.

Prepared by: CA

Date: 01/06/2018

Verified by: HTR, MBN, ES

Date: 03/06/2018

Approved by: HTR

Date: 06/11/2018

Date of issue:

06/11/2018



T2 Environnement
Viridis Terra Innovations

Plantation and Hydroseeding Protocol
P&H – works realized from
19th to 29th of June 2018

Page 3 of 3

Procedure:
· The first “meridional” row contains 4 willow cuttings of 25 cm planted into jiffy pots (2 replicates), followed by

25-cm willow cuttings in the planting bags (2 replicates).
· The second row contains 1-year spruce seedlings planted in jiffy pots (2 pots), followed by 2 planting bags with

spruce seedlings. Some planting bags designated for one-year spruce seedlings contain tiny spruce seedlings
(3-4 cm long) produced by Pépinière Boucher.

· The third row contains alders: two jiffy pots and two planting bags.
· Because of the weakness of plant material provided by Pepinière Boucher mainly due to transport and

acclimation problems, small age, and lack of a depth dormancy, the fourth row, designated initially for birches,
contains several species or plants of different origin. Thus, each jiffy pot with birches grown at Pépinière
Boucher, also contains birch seedlings excavated near TSMC mined site (Flemming 7 sector). The planting bags
of this row contain birch seedlings provided by the Pepinière Boucher, alder seedling and also a birch seedling
excavated near TSMC mined sites.

· In the fifth row, where the Bog blueberry was tested, Jiffy pots contain bog blubbery produced by Pepinière
Boucher (2-3 cm tiny seedlings) and blueberry seedlings excavated near TSMC mined sites (Flemming 7 sector);
each of the two planting bags contains a blueberry seedling produced by Pepinière Boucher, an alder seedling,
and a blueberry seedling excavated near TSMC mined sites.

4. Hydroseeding
Approximately 120 micro-cuttings (per treatment unit of 5 m per 4 m were dispersed homogeneously on the soil
surface of half the block. Then, the micro-cuttings were slightly pressed into the soil by stepping on them. Finally,
the hydroseeding mixture was applied above the micro-cuttings and on the soil surface.

The hydroseeding formulation of the SYLVENTM technology contains a mixture of water with different materials
such as: wood fibre, hydrogel, wood fibre, glue, microorganisms (Pleurotus ostreatus soup) and a mixture of seeds
of several local plant species: glandular birch, black spruce, green alder, and bog blueberry (See the Hydroseeding
Protocol or HYP, for more details).
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1. Objective of the Protocol
The objective of this protocol is to establish guidelines to monitor the hydroseeding and plantations done for the
2017-2018 ecological restoration trial (survival rate, seedling initial height for the plantation).

2. Necessary Material
2.1. Hydroseeding

· Pads
· Field sheets
· 240 survey flags
· 30 cm ruler
· Camera to take pictures
· 50 cm X 50 cm quadrat

2.2. Seedlings and Cuttings
Only field sheets, a measuring tape, and a camera will be needed to monitor the plantations of seedlings and
cuttings.

3. Plantation Monitoring
3.1. Hydroseeding

· Determine a buffer zone of 1 m wide all around each treatment unit.
· Walk only in the buffer zone where no data is collected.
· Place random marks in the ground to form four 0.5 m X0.5 m sub-sampling areas (quadrats) (1

permanent and 3 temporary sub-sampling areas) along the buffer zone. Germination rate and species
density and frequency will be measured in the 3 temporary sub-sampling areas while growth and
species mortality will be assessed in the permanent sub sampling area.

· With eyes 1 foot (30 cm) from the ground surface, count the number of seeds that germinated in each
quadrat for each species.

· Place the areas in representative locations of the plot
· Estimate the minimal, the maximal and the mean height of the seedlings in the quadrat for each

species.
· Leave the flags of the permanent quadrat in place to be able to recount at the same spot each year.

Content of the hydroseeding monitoring field sheets (See Appendix A for complete field form).

Date Team Bloc N:
Hydroseeding Unit identification:
Nr of replicate:

Nb of growing seedlings per specie and minimum, maximum and mean height

Willow cuttings Spruce Pine Willow Birch Blueberry Comments
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Example of sub-sampling in the hydroseeding 4 mX 5 m plot

3.2. Seedlings and Cuttings
Fill the field sheets for each seedling and cutting block by block, sub-block by sub-block and treatment unit (plot)
by treatment unit.

Content of the seedling/cutting monitoring field sheets (See Appendix).

Date Team Bloc N: Treatment Unit identification:

Treatment
(pot/bag/cutting)

Status of
treatment:
destroyed, good
shape

Species Dead/alive Status:
good, weak

Growth
signs

Height Comments
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1. Plantation at the Base of the Slope

In order to test plant adaptation to TSMC climate-edaphic conditions, an additional experimental plot was
established at the base the waste dump. The plot is protected against the wind by the wall formed by the dump;
also, the wall may promote snow accumulation during the winter. The approximate dimensions of the plot are
15 m X 5 m.

The soil of the plot was treated with dolomitic (20 kg) and Synagri (approx. 15 kg) fertilizers. Most types of planting
material were tested.

Willow cuttings: 1 m and 25 cm were outplanted in different ways. Thirty-five willow cutting of 1 m long cuttings
were planted vertically; 28 cuttings were planted perpendicularly into the slope. Twenty cuttings of 1 m and 10
cuttings of 25 cm were mixed with 20 kg peat moss (fagot method). Prior to outplanting, all these cuttings were
treated with rooting hormones as well. Approximately 20 25 cm willow cuttings were planted vertically in a row.
Spruce: 17 planting bags with spruce seedlings were planted in a row into the soil treated with fertilizers listed
above.
Alder: 25 planting bags with alders were planted in another row.

2. Control
As an additional control, an experimental unit of 6 per 6 metres has been established in the control conditions
outside the TSMC site in the natural environment. The control plot is localized approximatively10 km south from
the main entrance to the TSMC site. The site is surrounded by steep rocks. The soil is covered by native vegetation:
lichens and dwarf shrubs.

It was planned to outplant the seedlings in the soil on the control plot. However, because of lack of labour, it has
not been done. Therefore, the seedlings have been deposited within the targeted area.
Thus, approximately 50 planting bags with spruce and alder seedlings and willow cuttings were surrounded by jiffy
pots with weak bog blueberries (from Pépinière Boucher) and glandular birch seedlings.

3. Plant material conservation trial on the TSMC site
The quantity of plants produced and transported to the TSMC site for the spring 2018 trial corresponded to the
amount discussed and approved during the meeting with all project parties. However due to the logistical
challenges, the size of experimental design has been reduced from 5 to 3 blocks. The maximal number of seedlings
and cuttings were outplanted in the 3 experimental blocks implemented. In order to preserve left over material, it
has been decided to organize a small refugium for these plants and to use them in further planting campaigns.
Therefore, on the territory of TSMC site, 100 metres apart from the major experimental site, in the flat area covered
by native vegetation, 6 per 6 m unit has been delimited. Within this unit the vegetation has been removed, peat
moss has been added (approx. 20 kg), planting bags with spruce and alder seedlings have been placed there.
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1. Objective of the Protocol
The objective of this protocol is to test if a right amount of water during a prolonged period without rain will be
beneficial for the seedling plantations and the hydroseeded parcels.

2. Necessary Material
· Irrigation system installed by T2 Environnement and Viridis Terra Innovations as per designed layout for the 3

restoration experimental blocks. The system includes:
- 7 HP gas pump;
- 25 feet water intake from the pump up to the water source;
- 2-inch pipe network from the pump up to each experimental block section that require irrigation;
- A total of 6 valves (two per experimental block or one for the seedling plantation, the other for the

hydroseeding) to control the water outtake.
- 24 wobblers (8 per experimental block) to water the seedling plots and the hydroseeded plots.

· Water source:
- Originally, a water truck was supposed to be used to water the seedling plantations and hydroseeded

plots. This truck was not available when we were onsite. A temporary solution was found to irrigate the
experimental blocks.

- 5 1,000 L containers were installed close to the gas pump. This is not enough to properly water the
plantations and hydroseeded parcels, but it is better than nothing. A minimum of 10 1,000 L containers
should be installed to irrigate 10 mm to the seedling plantations and hydroseeded parcels, or a water
truck should be used.

3. Knowing When to Irrigate

Rain gauges (pluviometers) were installed within each experimental block. 4 plastic cylinders were partially buried
in wastes deposit. They should be emptied before and after irrigating the block. Number of millimetres (before
and after) in each rain gauges has to be noted. The rain gauges should be emptied at least once a week.

The blocks should be irrigated if less than 15 mm of rainfalls occurs in one week or if no significant rainfall
(minimum of 10 mm) events occur during 3 consecutive days.

Also, consider increasing the irrigation frequency if the air temperature is above 22 C for a prolonged period (more
than 5 days).

Exemple:

· Rain gauges indicate 12 mm; all rain fell in the previous two days = no irrigation required.
· Rain gauges indicate 25 mm; no rain fell over the last 4 days = irrigation required.
· Rain gauges indicate 10 mm; last rain event was two days ago = irrigation required.
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4. How to Irrigate

If possible, chose a day not too windy. To prevent excessive evaporation, the experimental blocks should be
irrigated early in the morning (before 8 AM) or late in the afternoon (after 5 PM).

Put the water intake into the water source (water truck or 1000 L container). Verify if the gas reservoir is full. Put
ignition button to “on”. Turn on the “choke” button. Start the pump at the idle position (minimum or turtle). Turn
the “choke” button. Increase the pump regime to maximum (rabbit). To stop the pump, reduce the engine regime
to minimum (turtle). Turn off the ignition button.

If 1000 L containers are used, stop the pump each time the container is empty and start it again in a full container.
Use a minimum of 5 full containers (equivalent of 5 mm of rain). This should be done 3 times a week if no significant
rain event occurred (see section 3).

If the water truck is used, pump 10,000 L for each irrigation event (equivalent of 10 mm of rain). This should be
done 2 times a week if no significant rain event occurred (see section 3).

5. Record and Adjust

Record data (number of mm) for each rain gauge after every watering event. Notice if the water was distributed
evenly (all rain gauges have a similar amount of water) or unevenly (one rain gauge has more mm that the 3
others). Consider modifying the wobblers positions within each block if the watering is uneven. Dominant wind
direction is an important parameter to consider when adjusting the wobblers position.
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Seedling Plantation Survey Protocol
Date Team Bloc N:

Treatment Unit identification:
Sampling
number

Sub-
sampling
number

Treatment
(pot/bag/cutting)

Status of
treatment:
destroyed, good
shape

Species Dead/alive Status:
good, weak

Height
(cm)

Comments

Hydroseeding survey protocol



Date Team Bloc N:
Hydroseeding Unit identification:
Nr of replicate:

Sampling
number

Sub-sampl.
number

Nb of growing seedlings per species/min height / max height /mean height

Willow
cuttings

Spruce Alder Willow Birch Blueberry Comments



APPENDIX B
Restoration Trial that was established in
Spring 2018 following logistic challenges



BLOCK LAYOUT





IRRIGATION LAYOUT



SITE PREPARATION LAYOUT



NUTRITION LAYOUT



PLANTATION AND HYDROSEEDING LAYOUT







SPRING 2018 TRIAL SAMPLING NUMBER





FALL 2017 SMALL TRIAL





APPENDIX C
Restoration Trial that was originally

planned for Spring 2018





EXPERIMENTAL DESIGN ONE BLOCK DIMENSION

Example 1 :

Example 2 :



GANTT CHART

START DATE END DATE DESCRIPTION

6-10-18 6-12-18 Slope reshaping with Bulldozer 2

6-12-18 6-13-18 Marking site preparation delimitation 1

6-13-18 6-16-18 Rough & Loose application with excavator where necessary 3

6-14-18 6-15-18 Transport of Topsoil (54m3) and overburden (162m3) close to T4 1

6-15-18 6-16-18 Mix and add Topsoil/Overburden to respective treaments 1

6-16-18 6-17-18 Mark the whole experimental design with stake flags, flagging, and reflective poles 1

6-16-18 6-17-18 Apply granular fertilizer Synagri 8-31-8 (1.38kg/plot(6m*6m)) to all hydroseeding treatments 1

6-16-18 6-17-18 Apply slow release granular fertilizer Eco+ 14-14-14 (0.72 kg/plot(6m*6m) to respective treatments 1

6-17-18 6-18-18 Apply dolomitic limestone (10.8 kg/plot(6m*6m)) to respective treatments 1

6-13-18 6-15-18 Prepare willow cuttings with the right size (half 25-30cm, half 70-100cm) 2

6-14-18 6-22-18 Put the prepared willow cuttings in water for 7-10 days 8

6-15-18 6-21-18 Prepare the seedlings with biodegradable bags (be careful not to damage the root system while
preparing them) including small willow cuttings 6

6-15-18 6-21-18 Transfer some alder and small willow cuttings in empty  jiffy plugs (only the quantity needed and be careful
not to damage root system) 6

6-12-18 6-30-18 Follow willow seed production (between Schefferville and DSO3) 18

6-14-18 6-30-18 Collect 15 000 catkins when ready (catkins have started to open, may be ready in late June, early July),
spray manually the catkins above the hydroseeding formulation 16

6-16-18 6-17-18 Mark locations where seedlings will be planted with paint 1

6-17-18 6-20-18 Outplant seedlings to respective locations in seedling plantation treatments (Be careful not to damage
root system while planting) 3

6-21-18 6-24-18 Outplant the cuttings to respective locations in seedling plantation treatments after dipping the top third in
primer solution and bottom third in hormone solution 3

6-20-18 6-23-18 Install irrigation system 3

6-21-18 6-25-18 Apply hydroseeding SYLVENTM formulation 4

6-25-18 6-26-18 Collect GPS coordinates of experimental design 1

6-25-18 6-26-18 Clean up the site 1

6-25-18 6-26-18 Debriefing on 2018 fieldwork with TSMC environmental team 1

Ecological Restoration Trial - Spring 2018 DURATION
(days)



June 10, 2018 June 15, 2018 June 20, 2018 June 25, 2018 June 30, 2018

Slope reshaping with Bulldozer

Marking site preparation delimitation

Rough & Loose application with excavator where necessary

Transport of Topsoil (54m3) and overburden (162m3) close to T4

Mix and add Topsoil/Overburden to respective treaments

Mark the whole experimental design with stake flags, flagging, and reflective poles

Apply granular fertilizer Synagri 8-31-8 (1.38kg/plot(6m*6m)) to all hydroseeding…

Apply slow release granular fertilizer Eco+ 14-14-14 (0.72 kg/plot(6m*6m) to respective…

Apply dolomitic limestone (10.8 kg/plot(6m*6m)) to respective treatments

Prepare willow cuttings with the right size (half 25-30cm, half 70-100cm)

Put the prepared willow cuttings in water for 7-10 days

Prepare the seedlings with biodegradable bags (be careful not to damage the root system…

Transfer some alder and small willow cuttings in empty  jiffy plugs (only the quantity…

Follow willow seed production (between Schefferville and DSO3)

Collect 15 000 catkins when ready (catkins have started to open, may be ready in late…

Mark locations where seedlings will be planted with paint

Outplant seedlings to respective locations in seedling plantation treatments (Be careful…

Outplant the cuttings to respective locations in seedling plantation treatments after…

Install irrigation system

Apply hydroseeding SYLVENTM formulation

Collect GPS coordinates of experimental design

Clean up the site

Debriefing on 2018 fieldwork with TSMC environmental team



IRRIGATION LAYOUT



SITE PREPARATION LAYOUT



NUTRITIONAL INPUT LAYOUT



SEEDLING LOCATION LAYOUT



SEED DENSITY LOCATION LAYOUT



SEEDLING LOCATION LAYOUT



SEED DENSITY LOCATION LAYOUT



APPENDIX D
Seed harvesting



Glandular birch

Glandular birch stand Glandular birch leaf

Immature catkins are green Mature catkins are greenish brown

El Grafo / CC-BY-SA-3.0
(via Wikimedia Commons)

http://www.repertoirequebecnature.com/v
asculaires/Betula_glandulosa.html/Species.P
rogram/Species.php?species_id=Betu.glandu

El Grafo / CC-BY-SA-3.0
(via Wikimedia Commons)



Green Alder

Green alder form

Green alder leaf is simple-dented Speckled alder leaf is double-dented

Green alder immature cones are green Green alder mature cones are brown

https://gobotany.newengland
wild.org/species/alnus/viridis/)

https://gobotany.newengland
wild.org/species/alnus/viridis/)

https://gobotany.newengland
wild.org/species/alnus/incana/

https://gobotany.newengland
wild.org/species/alnus/viridis/)



Green alder catkins are erected Speckled alder catkins are pendent

http://www.repertoirequebecnature.co
m/vasculaires/Alnus_rugosa.html

http://agroboreal.com/proje
ct/aulne-tardif-aulne-crispe



Black Spruce

»
Black spruce form

Immature cones are red to purple Mature cones are purplish-brown

https://gobotany.newengland
wild.org/species/picea/mariana

/

https://commons.wikimedia.org/wiki/Fil
e:Picea_mariana_cones.jpg?uselang=fr

https://davisla.wordpress.com/2
014/01/10/picea-mariana/

https://davisla.wordpress.com/2014/01/
10/picea-mariana/
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