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NOTE TO THE READER

This strategic plan is a guiding document for planning 
ecological restoration activities at the various mine sites 
operated by TSMC in the Schefferville area. This document 
is intended as a useful consultation tool for communities 
and governments.

This document is not TSMC’s closure plan. 

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.
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CONTEXT AND ISSUES

The year 2017 will mark the commissioning of several new deposits for TSMC. This 
acceleration of production comes with many challenges for the environment team, 
including the progressive restoration of its various sites. The progressive restoration 
program must be implemented to reduce the exposure of bare soil, reduce the production 
of dust, restore ecosystem functions and preserve the quality of water from waste 
dumps and pits.

This strategic plan defines the necessary foundations for the progressive restoration of 
the various mine sites currently operated or that will be operated by TSMC throughout 
the duration of its mining activities as well as at the closure of the project. This strategic 
plan 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.

This strategic plan also describes the actions already undertaken by TSMC (Section 6) 
in collaboration with the universities of Laval and McGill, T2 Environnement and Viridis 
Terra Innovations as well as with Earth Alive Clean Technologies Inc.
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It is essential not to underestimate the complexity 
involved in planning and managing a restoration 
project of this size. The mining complex is vast, it 
includes several installations and the restoration 
requires that various environmental issues 
be considered simultaneously. Furthermore, 
restoration work must be done in a progressive 
manner, which adds a further level of complexity 
to the planning of work. Nothing can be left to 
chance. The following principles must therefore 
be respected in priority:

• The priorities and restoration targets must be 
defined from the start, in collaboration with 
the various TSMC teams that will be involved 
in the planning and execution of restoration 
work (environment teams, engineering, 
community relations, management, etc.).

• The team of engineers in charge of designing 
and operating waste dumps and pits must 
be consulted at the start of the restoration 
project in order to integrate the approaches and 

constraints associated with the progressive 
restoration of mine waste. Using this approach 
will minimize production costs over the long 
term, facilitate restoration work and reduce 
the total cost of restoration between now 
and the closure of the mining complex. The 
expectations and requirements of the various 
levels of government for the restoration of 
sites must be known and respected.

• The expectations of local communities must 
be known and considered when choosing 
the sites to be restored and the methods  
to be used. Local communities must also be 
involved in the implementation of restoration 
work.

• Several restoration options must be studied. 
These must integrate, among other things, 
the potential and constraints of the sites, 
the governmental requirements and the 
costs associated with each option that is 
studied. 
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• The selected restoration option or options must 
meet TSMC’s goal and objectives for the restoration 
of its sites (see Section 2 for more details). 

• The implementation of the various restoration 
projects must be carried out in stages, with the 
establishment of medium-scale pilot projects 
serving to test the effectiveness of the different 
restoration methods advocated before undertaking 
the larger-scale work.

• A strong spirit of collaboration must be established 
at the outset between the various teams responsible 
for restoring the sites. For example, in order to 
develop adapted restoration methods, researchers 
involved must know and integrate into their 
research the realities associated with the restoration 
objectives as well as the logistical, technical and 
budgetary constraints of TSMC. Similarly, the 
team responsible for carrying out the restoration 
must know the scope and purpose of the research 
carried out by the different teams of researchers.

The technologies and restoration 
approaches that will be advocated by 
TSMC will have to meet the restoration 
objectives presented in Section 2. The 
selection of restoration approaches and their 
medium- and large-scale implementation 
will be carried out by the various teams 
presented in Section 3, in collaboration 
with strategic partners. The sites that will 
be restored, the planned scope of work 
and the preliminary restoration schedule 
are presented in Section 4. The constraints, 
most promising restoration approaches 
and recommended tools are presented 
in Section 5 in a non-exhaustive and 
preliminary manner. The actions already 
undertaken to restore TSMC mine sites 
or those that will be undertaken as of 
2017-2018 are for their part presented in 
Section 6. And finally, Section 7 presents 
the major steps that will be followed to 
implement the restoration program.



RESTORATION  
OBJECTIVES
A restoration program cannot be put 
in place without clearly defining the 
objectives. These must be defined at the 
outset and must be known and adopted by 
the management team as well as all TSMC 
personnel, consultants and researchers 
involved in the site’s restoration in addition 
to local communities. These objectives 
must be considered when selecting and 
implementing the restoration approaches. 
They must be continually revisited throughout 
the implementation of the restoration 
program and modified as required if they 
no longer meet the expectations of TSMC 
or other relevant stakeholders. 

4        
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The following restoration objectives must 
be considered for the development and 
implementation of the 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 
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.

• The selected restoration methods must be 
compatible with and complementary to 
wildlife protection programs already in place 
(Bank Swallow) or programs that may be put 
in place in the future.

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

• A pilot project must be developed as 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 project.

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

• Restored sites must meet the needs and 
expectations of local communities.
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ADMINISTRATIVE, SCIENTIFIC AND  
TECHNICAL RESPONSIBILITIES

3 .1 TSMC

A restoration program of this magnitude cannot be implemented without the close 
involvement of key resources within TSMC. TSMC is taking the initiative of allocating 
all of the human and material resources necessary for the advancement of this flagship 
project. The TSMC environment team provides the management effort required for 
the administration, financing and budgetary follow-up of the restoration project. In 
parallel, TSMC technicians provide monitoring and conduct field audits necessary 
to assess the quality of restoration work and the progress of the project according 
to pre-established timelines. TSMC engineers responsible for the design of pits and 
waste dumps have been involved right from the beginning of the project to ensure 
that restoration methods are in line with geotechnical constraints. And finally, the 
environment team ensures that the results of the restoration program are communicated 
to other TSMC units, various levels of government, the Tata Group, local communities 
as well as the general population.

TSMC will also supply the equipment it has at its disposal (heavy equipment, transport 
equipment, pumps and other associated equipment) to prepare the sites and assist 
in planting and irrigation efforts.

This section presents 

the various teams 

responsible for 

implementing the 

restoration project 

for the various sites 

operated by TSMC .



7

TSMC’s community relations team has the key 
role of consulting with local communities on local 
issues associated with the restoration of the sites. 
In doing so, it gathers local knowledge related to 
natural ecosystem restoration processes, develops 
partnerships with local resources and companies 
interested in working in the field of ecological 
restoration and ensures a transfer of knowledge at 
the local level.

3 .2 T2 ENVIRONNEMENT AND  
 VIRIDIS TERRA INNOVATIONS

T2 Environnement was selected by TSMC to coordinate 
the implementation of the restoration project.  
T2 Environnement experts have worked on the various 
mine sites for more than 10 years now. They have 
carried out a multitude of biophysical inventories 
and have mapped the flora and ecosystems of 
the region. Experts from T2 Environnement also 
coordinated the production of several impact studies 
for the various projects and have produced this 
strategic plan. Viridis Terra Innovations, for its part, 

specializes in the development of low-input mine 
phytoremediation technologies tailored to sites 
and to the needs of its clients. It has participated 
in producing the strategic plan.

Working in close collaboration with TSMC,  
T2 Environnement and Viridis Terra Innovations are 
responsible for developing and implementing state-
of-the-art, low-input technologies to restore sites 
operated by TSMC in order to bring back ecological 
functions and ensure their traditional use by local 
communities. A short description of promising 
ecological restoration methods for TSMC sites is 
presented in Section 5.

T2 Environnement and Viridis Terra Innovations are 
responsible for preparing the sites to be restored, 
obtaining the inputs required for restoration at a 
competitive cost, coordinating work with the other 
teams present on the site, carrying out phytorestoration 
work and implementing monitoring and follow-up 
on the success of vegetation recovery.

3 .3 LAVAL AND MCGILL UNIVERSITIES

Under the responsibility of professors Damase P. 
Khasa (Laval University) and Charles Greer (McGill 
University), a research team was formed to isolate, 
identify and test the symbiotic microorganisms 
that will have the most beneficial impacts on the 
growth and survival of shrubs that are typical of 
the northern ecosystems found in the Schefferville 
area. The research project developed by this team of 
researchers is described in Section 6. The research 
team’s discoveries will then be tested on a medium 
scale during pilot projects put in place by TSMC,  
T2 Environnement and Viridis Terra Innovations.

3 .4 EARTH ALIVE CLEAN    
 TECHNOLOGIES

Earth Alive Clean Technologies develops and distributes 
environmentally friendly microbial products. Its soil 
activator will be tested at the DS03 site, along with 
the isolates developed by Laval University.
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SCOPE OF RESTORATION WORK  
AND SITES TO BE RESTORED  

The restoration work contained in the strategic 
plan covers the following elements:

• Restoration of waste dumps  

• Restoration of overburden piles  

• Restoration of pits that have reached  
the end of operations  

• Control of the quality of water from waste 
dumps and old pits  

• Stabilization, restoration and drainage  
control of active roadsides, ditches and 
old access roads

Mine tailings (old Timmins 2 pit) are not included 
in this restoration strategy. At the end of the life 
of the DSO projects, a specific closure plan will be 
developed that will include tailings management. The 
methods developed for the ecological restoration 
of the waste dumps and other pits will no doubt be 
adapted and used for the restoration of the Timmins 
2 pit once it has been filled with tailings.

The commissioning and closure sequence of the 
various TSMC sites is presented in the following 
table. Progressive restoration work must be carried 
out accordingly. This sequence may be modified by 
TSMC, depending on the realities observed in the 
field and in the mining plan.
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DSO3 SECTOR

TIMMINS 3 N FY* 2020 FY 2021 FY 2022

TIMMINS 4 FY 2015 FY 2018 FY 2019

TIMMINS 7 FY 2016 FY 2018 FY 2019

FLEMING 7 N FY 2016 FY 2022 FY 2023

DSO 4 SECTOR — NEWFOUNDLAND / LABRADOR

KIVIVIC 1 FY 2016 FY 2028 FY 2029

KIVIVIC 2 FY 2016 FY 2025 FY 2026

KIVIVIC 3 FY 2018 FY 2022 FY 2023

KIVIVIC 4 FY 2018 FY 2028 FY 2029

KIVIVIC 5 FY 2018 FY 2028 FY 2029

DSO 4 SECTOR — QUEBEC

GOOWOOD FY 2018 FY 2027 FY 2028

SUNNY 1 FY 2030 FY 2030 FY 2030

SECTOR HOWSE

HOWSE FY 2017 FY 2032 FY 2033

ASSOCIATED WASTE  
DUMPS AND PITS START OF OPERATIONS

DEADLINE FOR 
DELIVERING THE DETAILED 

RESTORATION PLAN
CLOSURE DATE

* FY : TSMC fiscal year (April 1 to March 31)

TSMC OPERATIONS SCHEDULE AND DEADLINE FOR DELIVERING  
A DETAILED RESTORATION PLAN FOR EACH SITE

Table 1 
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ISSUES AND RESTORATION METHODS

5 .1  ISSUES 

Several key issues must be considered prior 
to selecting the most promising methods to 
restore the waste dumps and pits operated by 
TSMC. By considering the following issues, TSMC 
will be in a position to develop its restoration 
approaches:

Remoteness
Schefferville is located 530 kilometres from  
Sept-Iles as the crow flies. There is no road access 
to the TSMC mine site. Only a railway, primarily 
reserved for mining convoys, provides access to 
the Gulf of St-Lawrence and the adjacent road 
network. Inputs (in particular organic matter) are 
not readily available unless hefty transportation 
costs are paid. It is therefore essential that 
restoration methods considered to be low input 
(those that require minimal amounts of organic 
matter, fertilizer or irrigation) are used.

Costs incurred
The selected methods must be economically 
affordable since they will be implemented over 
large areas. While economically sustainable, the 
selected methods must meet the needs of local 
communities regarding the restoration of sites.

Site ecology
Several different ecological zones and 
microclimates are present in the Schefferville area. 
Subarctic forest, or taiga, is generally present 
below an elevation of 650 m. As with all Arctic 
ecosystems, the wind plays an important role in 
the distribution and composition of terrestrial 
ecosystems. Slope orientation also influences 
the distribution of ecosystems. For example, it 
is not uncommon to observe forest ecosystems 
above 650 m on southwest slopes with little 
wind exposure. 
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ISSUES AND RESTORATION METHODS

In comparison, ecosystems located above 650 m  
are dominated by alpine tundra. No trees are 
present, apart from spruce shrubs (Krummholz) 
strongly deformed by the wind. Even shrubs and 
herbaceous plants have difficulty growing on 
tundra sites that are the most exposed to wind. 
In such conditions, their presence is limited to 
small depressions.

The thickness and drainage of surface deposits 
also play a central role in the distribution of 
ecosystems. Thin soils or rocky outcrops are 
very dry and poorly fertile, while thick soils 
of medium texture retain more water and are 
more fertile. Finally, wetlands with rich soil are 
found in depressions or along streams or lakes.

The choice of restoration methods must factor 
in the climate, the thickness of deposits and 
drainage. The ecological conditions that prevail 

in nearby natural ecosystems must be replicated 
as accurately as possible on the degraded sites 
and the plant species must be chosen carefully 
for the restoration project to be a success. 

The short growing season of plants must also 
be considered in the implementation of the 
restoration methods that will be selected. This 
reduced time window makes it necessary to 
establish detailed and efficient logistics for 
the implementation of restoration techniques 
during the favourable season.

Toxicity and possible sources  
of contaminants
TSMC regularly conducts physicochemical 
analyses of the quality of mine waste and water 
on all of its sites. Waste rock and overburden from 
the various mine sites operated by TSMC are not 
acid-causing and therefore not susceptible to 
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acid mine drainage. No toxic substances are used in 
large quantities for the operation of pits and waste 
dumps. Only explosives residue (nitrates and diesel 
from the byproducts of emulsion) are likely to be 
present in small concentrations in the waste dump 
material and in the pits. These, however, are not 
likely to compromise the regrowth of plants that will 
be used for the phytorestoration. Since TSMC mine 
waste does not contain a significant source of acid 
and heavy metal contamination, restoration work 
will focus primarily on the ecological restoration 
and revegetation of sites.

The strong content of certain elements naturally 
present in waste rock could, however, have a negative 
impact on phytorestoration work, particularly for 
iron, magnesium and aluminum. It is also important 
to select restoration methods that will effectively 
control emissions from sediments and dust, two 
major environmental issues in mining projects.

And finally, point sources of contamination from 
hydrocarbons could be present in old mine sites 
operated by IOCC until 1980. This complementary 
concern must be considered when performing 
restoration work if the problem arises and represents 
a risk that could increase restoration costs.

Agreements with the various  
First Nations
TSMC has developed strong partnerships with 
the various First Nations that are present on 
the implementation territory. The agreements 
with First Nations regarding restoration will be 
respected, notably the requirements related to 
the closure plans. The First Nations must also 
be involved in the implementation of restoration 
activities.

5 .2 METHODS

The following 3 tables present certain promising 
methods that are compatible with the above-mentioned 
issues. The restoration strategy is evolutionary and 
must be adapted to the realities in the field. The use 
of these methods must therefore be validated by 
field tests that are to take place from 2017 to 2019 
(see Sections 6 and 7 for more details). 

The tables are separated into logical sections, namely 
the preparation of the site to be restored (Table 2),  
the potential ecological restoration techniques 
(Table 3) and finally, the material and equipment to 
consider (Table 4). The following section (Section 6)  
details how some of these methods have been tested 
at TSMC’s sites or will be in the coming years.



ROUGH AND LOOSE An excavator using a 
digging bucket digs 
small holes on mine 
waste, dumping  
the material that is 
generated from the 
holes to create mounds 
between the holes.

• Greatly reduces  
erosion problems

• Creates microsites  
and microhabitats  
that are excellent  
for biodiversity

• Fixes the problem of 
mine waste compaction

• Brings some fine  
particles back to the 
surface (develops  
a better structure  
favourable to plants)

• Creates protection 
against winter and  
wind desiccation

• Excellent for  
renaturalizing sites  
(mimics the natural  
processes of ecosystems)

• No amendment used
• Low cost

• Requires machinery
• Environment remains 

harsh for plants

Needs to be considered  
for all TSMC sites 
(waste dumps,  
overburden piles  
and pits)

FURROWS Alternative to the 
rough and loose  
technique. Straight 
furrows are burrowed 
using an excavator with 
a special triangle head.

• Easy to implement
• May be completed 

more quickly than  
the rough and loose 
technique

• No amendment used
• Lower cost than  

the rough and loose 
technique

• Requires the intensive 
use of heavy machinery 

• Not as effective in 
creating plant habitats 
as the rough and loose 
technique 

• Does not mimic natural 
processes

• Environment remains 
harsh for plants 

Only as an alternative 
to the rough and loose 
technique

OVERBURDEN 

(only in places 
where overburden is 
available in sufficient 
quantities and can 
be separated from 
waste rock)

Overburden is the  
inert mineral soil  
found between the 
living topsoil and the 
bedrock. During mining, 
overburden is kept in a 
separate pile and may 
be reused after closure 
for restoration  
purposes. In the  
process, a layer of 
overburden is added 
over mine waste.

• Easier to establish 
healthy ecosystems 
on overburden than 
on waste rock and 
fine tailings (closer 
conditions to real soil)

• From experience, 
overburden use  
increases productivity 
and success of  
ecological restoration 
activities at least  
3- to 4-fold

• Lower costs than 
importing soil and 
organic amendments

• Not always available 
on sites to restore

• There is a cost to 
transporting it from 
overburden piles  
to the waste dumps 
and pits. However, 
through progressive  
restoration, it is  
possible to coordinate 
these activities with 
mining operations. 
Overburden that is 
removed from a new 
site is transported 
directly to an old site 
that is ready to be 
restored.  

Needs to be conside-
red for all TSMC sites 
where overburden is 
available (waste  
dumps and pits)

13

TECHNIQUE SHORT DESCRIPTION ADVANTAGES DISADVANTAGES USEFULNESS ON 
TSMC SITES

SITE PREPARATIONTable 2 
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WOOD BIOMASS Wood biomass is  
chipped as ramial 
wood chips (RWC)  
and applied on mine 
waste. If higher pH 
is necessary on mine 
waste, some wood 
biomass may also  
be burned and  
transformed into ash. 

• Excellent organic 
amendment to  
restore forest and 
shrub ecosystems 

• Can be produced  
on-site using  
surrounding natural 
ecosystems as donor 
sites (for example, cut 
an alder stand and 
chip it, then the alders 
will sprout and grow 
again). It is also  
possible to put in 
place fast growing 
plantations

• Lowest cost  
amendment in general 
(not much transport 
needed)

• Can also be  
transformed into 
wood fibre as mulch 
for hydroseeding 
purposes

• Good potential for 
collecting alders 
locally (several stands 
are a short distance 
from the sites to be 
restored).

• Still considered  
a low-input option

• High carbon/nitrogen 
ratio, which causes a 
nitrogen shortage  
during the first year 
due to enhanced  
microbial activity  
that needs to be  
compensated

Needs to be  
considered for all  
TSMC sites  
(waste dumps, pits  
and overburden piles)

HERBACEOUS 
BIOMASS

On basins of fine  
tailings, grass can be 
seeded in the spring 
and mixed with the 
tailings in the fall  
to improve tailing 
conditions. Straw and 
hay can also be bought 
from farmers and 
applied on both waste 
rock and fine tailings.

• Nutrients are  
available more  
rapidly compared  
to wood biomass

• Excellent organic 
amendment for  
the ecological  
restoration of  
mine waste

• Remains a low-input 
option

• Poor growth rate of 
herbaceous species  
in Schefferville

• Not easily  
economically viable  
to import straw and 
hay from the south 
(an option to be  
explored all the same)

Wood biomass should 
be a better option than 
herbaceous biomass, 
but local harvesting 
potential and the 
feasibility of importing 
the biomass should be 
evaluated all the same.

NO SITE 
PREPARATION

It is possible to plant 
seedlings with special 
substrates directly on 
mine waste without 
site preparation.

• No machinery  
needed

• Very lost cost

• Low success rate on 
compacted waste

• Only works with  
seedling plantation 
with special subs-
trates  
(see Table 2 for  
more information)

• Very slow ecosystem 
development

Needs to be  
considered for all  
TSMC sites  
(waste dumps, pits  
and overburden piles)

TECHNIQUE SHORT DESCRIPTION ADVANTAGES DISADVANTAGES USEFULNESS ON 
TSMC SITES

SITE PREPARATIONTable 2 (next) 
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SEEDLING 
PLANTATION

Trees and shrubs  
are planted in  
biodegradable bags 
containing special 
substrates for  
enhanced establishment.

• Easy to implement
• Low inputs needed
• No machinery needed
• Low cost

• Does not control  
erosion on the  
short term

• Low cover density

Needs to be  
considered for all  
TSMC sites  
(waste dumps, pits  
and overburden piles)

WOODY PLANT 
HYDROSEEDING

Hydroseeding of  
indigenous tree  
and shrub seeds or 
microcuttings using  
a special formulation 
for enhanced  
establishment.

• High cover density 
effectively controls 
erosion

• Low inputs needed
• Quick development of 

the shrubby ecosys-
tems of forest tundra 
and alpine tundra

• Low cost

• Requires a pre-treat-
ment of surfaces on 
waste rock and fine 
tailings (not normally 
needed on overburden) 
but still considered low 
input

Needs to be  
considered for all  
TSMC sites  
(waste dumps, pits  
and overburden piles)

HERBACEOUS 
HYDROSEEDING

Hydroseeding of  
indigenous herbaceous 
plant seeds or  
rhizomes. Some  
herbaceous species 
may be planted using 
seedlings collected 
from donor sites.

• Ideal for the  
restoration  
of ecosystems  
dominated by  
herbaceous plants

• High cover density 
allows for effective 
erosion control

• Not suitable for waste 
rock and other rocky 
deposits

• Requires large  
quantities of  
amendments  
(soil or organic)  
to be sustainable

Only for restoring and 
reconstructing wetlands

HYDRAULIC 
PHYTOCONTROL 
OF LEACHATE

This is an ecological 
engineering technique 
in which phreatophyte 
plants (with a deep 
root system) such as 
alders and willows  
within an optimal  
treatment design 
system filter leachate 
to avoid their transport 
into natural riparian 
ecosystems.

• Low cost compared to 
traditional treatment 
systems

• Once it is in place, little 
maintenance is needed

• Lots of space is needed 
to establish the system

• Inappropriate for 
leachate with very 
high concentrations of 
certain contaminants 
that may become toxic 
to plants

May be used to  
naturally filter and  
treat leachate at the  
peripheries of mine 
waste

TECHNIQUE SHORT
DESCRIPTION ADVANTAGES DISADVANTAGES USEFULNESS ON 

TSMC SITES

ECOLOGICAL RESTORATION TECHNOLOGIESTable 3 
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HYDROGEL Hydrogel is a  
biodegradable polymer 
which absorbs up to 
1000 times more water 
than its initial volume. 
It is often used to  
improve water uptake 
by plants during  
periods of drought or 
on sites with excessive 
drainage.

• Maintains water in  
the ecosystem that  
can be used by plants 
when it does not rain  
for many days

• Improves survival rate 
on sites with excessive 
drainage

• Only one application 
needed

• Not all types of  
hydrogel have the  
capacity to make  
water available to 
plants during droughts

• Availability of low-cost 
hydrogel is limited

Promising solution  
for waste dumps, pits, 
and overburden piles 
where the water table 
is very deep

TEMPORARY 
IRRIGATION

A temporary irrigation 
system is installed 
temporarily on the site 
during the first growing 
season to enhance 
plant establishment 
and survival and to 
protect them from 
drought.

• May help reduce  
the use of inputs  
for successful  
establishment of  
plant communities  
on mine waste

• Equipment can be 
reused every year  
for the restoration  
of new areas 

• Equipment must be 
rented or purchased

• Access to water sources 
close to mine waste 
may be problematic

Promising solution  
for waste dumps, pits, 
and overburden plies 
where water table is 
very deep and where 
water sources  
(lakes, watercourses, 
ponds) are available

SOIL ACTIVATORTM 

PRODUCT
Soil ActivatorTM is a 
bioactivator developed 
by Earth Alive Clean 
Technologies.  
The product is made  
of beneficial PGPR.

• These bacteria are 
known to often  
improve the growth 
and nutrition of plants

• Developed for the 
agricultural sector. 
There is therefore a 
high probability that 
the product may not 
be adapted to mine 
waste conditions and 
Schefferville climatic 
conditions

• Pseudomonas is 
a bacteria that is 
highly effective in 
bio-weathering of 
rocks, which may 
increase toxicity to 
plants by heavy metals 
(needs to be tested)

Needs to be tested 
with both seedling 
plantation and  
hydroseeding

BIOSTIMULANTS — 
SAPROPHYTE

Saprophytic fungi  
are used to increase 
the decomposition 
of organic inputs so 
nutrients will become 
available more quickly 
to plants and to  
accelerate the  
formation of soil.

• They can improve plant 
productivity by more 
than 15% 

• Help stabilize organic 
inputs on-site by acting 
as a natural adhesive, 
thereby reducing erosion

• Help reduce the quantity 
of organic inputs  
needed for successful 
restoration activities

• Considered the  
most effective  
microorganisms in  
bioremediation, parti- 
cularly when it comes  
to decontaminating  
sites that have been 
contaminated by  
hydrocarbons 

• It takes several weeks 
before being effective 
for stabilization.  
As a result, the use  
of vegetative gum is  
required to resolve  
the problem on the 
short term when  
hydroseeding

Only use when wood  
or herbaceous biomass 
is applied

MATERIAL AND 
EQUIPMENT

SHORT  
DESCRIPTION ADVANTAGES DISADVANTAGES USEFULNESS ON 

TSMC SITES

MATERIALS AND EQUIPMENT TO CONSIDER TO USE LOW INPUTSTable 4
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MATERIAL AND 
EQUIPMENT

SHORT  
DESCRIPTION ADVANTAGES DISADVANTAGES USEFULNESS ON 

TSMC SITES

MATERIALS AND EQUIPMENT TO CONSIDER TO USE LOW INPUTS

BIOSTIMULANTS — 
ROOT SYMBIONT

Symbionts are  
symbiotic  
microorganisms  
associated with plant 
roots that are known 
for greatly increasing 
plant survival,  
establishment, growth, 
and nutrition on  
degraded lands such 
as mined sites. Laval 
University is currently 
working on developing 
biostimulants adapted 
to TSMC sites which 
thrive in forest tundra 
and alpine tundra  
ecosystems.

• They may improve 
seedling survival by up 
to 75%, health by up to 
130% and growth by up 
to 115% on mine waste

• Helps reduce the  
quantity of amendment 
needed for successful 
restoration activities

• Low-cost technology  
for the restoration  
of large areas

• Low-input technology
• Long-term effect

• Often site-specific and 
species-specific. As a 
result, when several 
plant species are used 
and work is done on 
sites with very different 
soil conditions there is 
often a need to develop 
several biostimulants.

Ensure the  
compatibility between 
our restoration  
methods and the  
biostimulants  
developed by Laval 
University. 

Needs to be tested  
on different TSMC sites 
with both seedling 
plantation and  
hydroseeding

MINERAL 
SUPPLEMENT

Based on the study 
of the ecological and 
climato-edaphic  
conditions of TSMC 
sites, factors limiting 
plant growth will be 
identified. Mineral  
supplements will be 
added as needed  
to offset the limiting 
factors.

• Reduces toxicity to 
plants by heavy metals

• Increases the availability 
of limiting elements

• May be used to change 
the pH, which has an 
effect on nutritional  
and trace element  
availability to plants

• Improves plant nutrition 
and productivity on 
degraded sites when 
applied correctly

• Plants generally  
assimilate only  
around 50% to 60%  
of the supplement

• Short-term effect

If needed, various  
mineral supplements 
will be tested to find 
the optimal formula-
tion for the successful, 
low-cost ecological 
restoration of TSMC 
mine waste

SPECIAL 
SUBSTRATES 
FOR SEEDLING 
PLANTATION 

Based on the study  
of the ecological 
and climato-edaphic 
conditions of TSMC 
sites, vital substrate 
conditions for seedling 
establishment will be 
determined.

• Based on experience, 
the selection of the 
right type of bags 
and plugs with special 
substrates in which 
seedlings will grow  
is fundamental for  
the establishment, 
survival and growth of 
seedlings outplanted 
on mine waste

• May need to import 
materials from  
Sept-Iles to make  
the special substrates

Different types of  
bags and plugs with 
special substrates  
will be tested to find 
the optimal plantation 
technique for  
TSMC sites

Added to these restoration methods are the tools to manage restoration work . Several management software 

programs exist to plan restoration work and ensure long-term monitoring of restored sites . TSMC is evaluating 

the need to acquire one of these tools and the possibility of developing its own database . 

Table 4 (next)  
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RESTORATION STEPS THAT HAVE 
ALREADY BEEN UNDERTAKEN 

6 .1 PREVIOUS ECOLOGICAL 
STUDIES OF ECOSYSTEMS  
ON THE TSMC SITE 

Comprehensive ecological surveys and detailed 
mapping of terrestrial ecosystems (TEM) were 
performed for all TSMC sites, including DSO2 
(Ferriman and Star deposits), DSO3 (Timmins 
and Howse deposits) and DSO4 (Kivivik, 
Sunny and Goodwood) prior to operations. 
This information will be used as a basis for 
preparing the restoration plans. The TEM 
data will be complemented by a site visit to 
the already disturbed sites of Timmins 1 and 
Timmins 4 in 2017 and the Kivivik sites in 2018. 
TEM ecological data as well as data from future 

The previous section was dedicated to the issues  

and restoration methods that have a high potential of 

sustainably restoring the degraded ecosystems in the 

Schefferville area . This current section is the logical 

continuation as it presents restoration actions that 

have already taken place or that will be undertaken in 

the coming years to restore sites degraded by TSMC 

operations . These approaches can also be used to 

restore other sites degraded by mining activities  

in the Schefferville area .
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field visits will be carefully analyzed using GIS 
and modelling tools to extract all of the key 
elements for restoration purposes. 

In addition, physicochemical and mineral 
composition analyses as well as the leach tests 
that were previously done for mine waste that 
will be generated for several TSMC sites will be 
carefully analyzed to create a complete picture 
of the deficiencies and toxicity problems that 
may be encountered on the various sites to 
be restored.

6 .2  APPLIED RESEARCH PROJECT 
WITH LAVAL AND MCGILL 
UNIVERSITIES

Efforts by T2 Environnement and Viridis Terra 
Innovations resulted in securing a research grant of 
$100,000 per year for three years with the teams of 
Dr. Damase Khasa of Laval University and Dr. Charles 
Greer of McGill University. Associated research 
work, spanning from 2016 to 2019, will develop 
new green technologies related to the ecological 
restoration of TSMC mine sites in Schefferville.  
T2 Environnement and Viridis Terra Innovations, 
as well as TSMC, have invested several tens of 
thousands of dollars in research and development 
time, laboratory analyses and logistical support costs 
to complement the $300,000 over three years that 
will be paid by the Fonds de recherche du Québec — 
Nature et technologies (FRQNT). Dozens of potential 
symbiotic microorganism strains have been isolated 
in the laboratory since the beginning of the project 
using root and soil samples collected at the TSMC 
site. These microorganisms will be tested in the lab 
(in vitro) and in a greenhouse (in vivo) in the fall of 
2017 to test their ability to grow in mine waste and 
improve the survival rate and growth of five key 
plant species (Picea mariana, Betula glandulosa, 
Vaccinium uliginosum, Alnus crispa and Salix sp.), 
species which are particularly abundant in forest 
tundra and alpine tundra ecosystems and on mine 
waste from TSMC sites. The most promising strains 
will be tested directly on TSMC sites (in situ) as of 
2018 to determine their effectiveness as biofertilizers. 
T2 Environnement, Viridis Terra Innovations and 
TSMC will closely monitor the progress and results 
of this research project. Biofertilizers developed as 
part of this project will be integrated into pilot tests 
and mid-scale restoration activities at the Timmins 
1, Timmins 4 and Kivivik sites.

6 .3  TRIALS OF PRODUCTS 
DEVELOPED BY EARTH ALIVE CLEAN 
TECHNOLOGIES

In 2017, TSMC is testing another product made by  
Earth Alive Clean Technologies called Soil ActivatorTM 

for the restoration of roadsides. T2 Environnement and 
Viridis Terra Innovations will include Soil ActivatorTM 

in tests at Timmins 1 in 2018.
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NEXT STEPS

The implementation of a restoration plan 

for all TSMC operations in the Schefferville 

area involves a variety of considerable 

technical and logistical challenges, notably 

relating to the harsh climate,  

the short growing season, the low  

amount of organic matter that is available 

and the factoring of the concerns  

of local communities . 

7 .1 2017-2019 PLANNING

As described in the previous sections, small- and 
medium-scale pilot tests (over an area of about 
10,000 m2) will first be carried out in order to 
develop sustainable restoration approaches. 
These tests will take place at the DS03 sector in 
2017 and 2018 (forest taiga) and later at the DS04 
sector (alpine tundra). Once the effectiveness of 
the pilot tests has been demonstrated, restoration 
approaches will be replicated over larger areas. 
These will be adapted to factor in the climate and 
soil specificities of each site in order to develop 
the restoration plan for all TSMC operations in the 
Schefferville area.
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Starting in the summer of 2017 and in close 
collaboration with TSMC, the First Nations and 
other stakeholders will be consulted during an 
exploratory meeting to integrate their knowledge 
and their concerns into the 2018 and 2019 pilot 
tests. A transfer of knowledge at the local level 
will be implemented at such a time as deemed 
appropriate by the parties and various partnership 
possibilities will be evaluated.

7 .2 RESTORATION PLAN EXTENDED 
TO OTHER TSMC SITES

The major steps to be taken to produce the 
restoration plan for all TSMC operations in  
the Schefferville area are presented here.

The scale of the restoration to be carried out 
(number of sites, types of sites and area per 
site to be restored) must first be identified in 
order to develop a realistic implementation 
schedule. For the restoration of the sites to be 
a success, it is essential to take into account 
the concerns of stakeholders not only at the 
start of the project but also throughout its 
implementation.

Each site to be restored is different. Its ecology, 
hydrology, hydrogeology, geochemistry and 
geotechnics must therefore be carefully studied 
in order to develop a restoration method that is 
adapted to the biophysical realities of the site.

It is also necessary to optimize the restoration 
objectives presented in Section 2 based on the 
results obtained during the pilot tests and the 
concerns of local communities for the entire 
duration of the restoration project.

The large-scale restoration of the sites will 
require rigorous management, the involvement 
of several participants and restoration spanning 
several years on sites with varied climatic and 
ecological conditions. The pilot tests currently in 
progress will help develop a functional restoration 
approach adapted to the realities of the site 
that can be used to solve other environmental 
problems present in the Schefferville area.
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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



2018 Restoration Trial Implementation: Progress Report

21

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.
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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)



2018 Restoration Trial Implementation: Follow up Report

24

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.

Prepared by: CA

Date: 08/05/2018
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Approved by: HTR
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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.

Prepared by: CA

Date: 23/05/2018

Verified by: HTR, MBN, DT

Date: 16/09/2018

Approved by: HTR

Date: 05/11/2018

Date of issue:

06/11/2018



T2 Environnement
Viridis Terra Innovations

Seedling Preparation and Plantation Technique
SPP Page 3 of 5

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.
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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.

Prepared by: HTR

Date: 07/07/2018

Verified by: CA

Date: 09/07/2018

Approved by: HTR

Date: 09/07/2018

Date of issue:

09/07/2018



T2 Environnement
Viridis Terra Innovations

Irrigation Protocol
IrP Page 2 of 2

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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