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Northern Mining Regions
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Sustainablility - Community, Industry, Academe and

Government working together since 1973
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VETAC Original Goals:

Ecosystem Redevelopment

e To create an ecosystem
(i.e. not the original mixed hardwood forest)*

e Creation of wildlife habitat.

e To reduce soil erosion, soil dust movement and stabilize the soil substrate
e For aesthetics, recreation and community improvement.

e Economic improvement of City

e Job creation (>4000 employed since 1978)

* Today more emphasis on restoring the complete forest




A Brief History of Sudbury

The Sudbury Igneous Structure
impact 1.8 Billion years ago.




The Sudbury Heritage — late 1800’s

Discovery of Nickel Development of Mining




Sudbury Heritage — 1900 to 1930

Fumigation of Landscapes
With"S —

Roasting of Nickel Ore

Development of Early Smelters




The Sudbury Heritage — 1940 to 1970s

Development of three centralized smelters with minimal emission controls
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Smelter Impacts - 1940’s to 1970’s

Windblown dusts
on tailings impoundments

Eroded, acidified and metal
contaminated landscapes &=
throughout region




Smelter Impacts on Landscapes:

Sparse cover of metal tolerant grasses and shrubs

Deschampsia
caespitosa

Agrostis
gigantica

Agrostis
scabera

Betula spp

Also:
Salix spp

Lichen spp
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Sudbury Smelting Impact Zone

An Industrial

Impact Zone
of 81,000 ha.

Metal laden
acidified solls
and lakes




Regional Impact Zones:

Nickel Distribution In Surface Solls

S.R.S.P. 2001
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Regional Impact Zones:

Nickel Dlstrlbutlon 1 SO|I Proflles
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Source of Metal Enrichment:
Weathering of Fuagitive Aerosol Particles

— ] (am

Similar Iron Silicate Composition




Source of Metal Enrichment:
Fugitive Aerosol Particles from Smelters

Slow dissolution by soil organic acids
and ‘acid rain’




The Sudbury Industrial Solution:

SO, emissions focus in 1970’s -

2017: Vale

Historical SO2 Emission Output & Limits

Reductions projects and initiatives:

2500 - 1. Coniston smelter closed and super stack built
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Vale Sudbury SO, Emission Reductions

SO, emissions have been
consistently reduced
over the years.

» Mill upgrades

» Bulk Flash Furnace
and Copper Smelting

»FBR SO, Project
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data

		Sudbury District SO2 Emissions

		Year		Total		Smelter		CCNR

		1980		811139		744940		66199

		1981		721291		658247		63674

		1982		327722		295009		32713

		1983		458953		417684		41269

		1984		683054		629806		53248

		1985		695063		627323		67740

		1986		634814		577752		57062

		1987		658548		627323		48535

		1988		658515		609693		48822

		1989		637242		558904		48338

		1990		617357		569891		47466

		1991		572019		555942		16077

		1992		415892		410461		5431

		1993		357751		352733		5018

		1994		161933		158026		3912

		1995		236033		229847		6186

		1996		236041		230413		5628

		1997		200033		194791		5242

		1998		234794		228416		6378

		1999		220987		215482		5505

		2000		222906		215882		7024

		2001		232164		224778		7386

		2002		242735		235907		6828

		2003		168999		164114		4885

		2004		208529		203271		5258

		2005		193600		189786		3814

		2006		183110		177631		5479

		2007		150311		140758		9553

		2008		147693		137965		9728

		2009		45371		41992		3379

		2010		109261		106201		3060

		2015		30000		21000		9000
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Impacts On Sudbury
Logging
How have all the S
environmental factors |
and interactions
contributed to the
barren and highly
disturbed birch
barren lands -

Fire

Smelting




Synopsis of Ecological Effects

»  Open conditions —

PROSPECTING Enhanced

frost action
\ A}Iant death
slash erosion l leaching
\‘ Loss of

seed
source
_ Loss of

Loss of soil Ca & Mg

LOGGING

Loss of colloids,
(organic

Loss of P & N material)

\ Reduction in moisture

_» & nutrient retention

S0,

':gilld Metal toxicity
oH<4 Cul& Ni
Al toxicity g

—




Landscape Recovery Research

1975 — Move Initial research from laboratory pots to field sites
following SO, emission reductions




Landscape Recovery Research

1976 — Initial larger agricultural-style research plots on industrial
lands following reduction in SO, emissions
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Experiments showed:

Addition of dolostone could reduce metal toxicity (pH alteration,
metabolic Ca role, Ca:Mg imbalance)

P more limiting than N

Trees would not initially survive on barrens without grass cover —
required microsite ‘improvement’
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VETAC Sudbury Protocol Strategy:

19/8-2009

Barren zone

1: Limestone, fertilizer,
grass-legume seed mixture
2. Tree and shrub planting

Semi-barren zone
1: Tree and shrub planting only




The ‘Original” Sudbury Regreening Recipe

Amount of lime added: 10t/ ha
Amount of fertilizer added: 400 kg / ha
Seed mixture: 40 kg / ha

Grasses (75%):
1. Red Top (Agrostis gigantea)
2. Red Fescue (Festuca rubra)
3. Timothy (Phleum pratense)
4. Canada Blue Grass (Poa compressa)
5. Kentucky Bluegrass (Poa pratensis)

i_egumes (25%)
1. Bird's foot Trefoil (Lotus corniculatus)
2. Alsike Clover (Trifolium hybridum)

Trees Planted (major species): [+10 other]

. Jack Pine (Pinus banksiana)
Red Pine (Pinus resinoasa)
White Pine (Pinus strobus)
White Spruce (Picea glauca)
Black Spruce (Picea mariana)
White Cedar (Thuja occidentalis)

ogkwnhE




The Process — Limestone application

Dolostone (dolomlte) Rate:
; ' 10 tonnes/ha

Raise pH to > 4.85




The Process - Fertilizer Application

= 400 kg /ha
= N:P:K (6:20:20)




The Process - Seed Application

= 40 kg/ ha
= grass-legume mix




The Process - Tree and Shrub Planting

r

Regreening crew

Community volunteers
(schools, service clubs,
citizens etc)




The Sudbury Healing Process

Barren site 1 year post liming, grassing




Development of a Humus Form

TS

Soil pH
target >5.0
young sites (<5y) 5.4-6.3
middle (10-15y) 5.2-5.8
old (>20y) 5.0-5.8

ST sl n

fac g




The Result — A Healthy Landscape

L No significant
= % = increase of
e Cu, Ni, Cd, Co,
S As, Pbin plants




Land Reclamation Program Deficiency

3

25-30 years on — structure of woodland
Composition — non-native grasses, non-woodland herbs dominate

Woodland — understory herb and shrub species missing







Lnnng Landsca pe

A Biodiversity Action Plan for Greater Sudbury

December 23, 2009



Programme Strategy from 2010

EEQ

5 Year Plan

Regreening Program
2011-2015

December 21, 2010

YETAC

New Grass Mix;:

40% Fall Rye (Secale cereal)

30% Canada Wildrye (Elymus canadensis)

20% Slender Wheatgrass (Elymus trachycaulus)
+ 10% little bluestem (Schizachyrium scoparium)
10% Alsike Clover (Trifolium hybridum)

Note: other local native grasses not commercially
available




Harvesting and Planting Local Seed

GREATER SUDBURY

5 Year Plan

Regreening Program
2011-2015

December 21, 2010




Tree and Shrub Planting Enhancements

Caraganal Siberian Pea Shrub 2.6% Mountain-holly 2.3%

Round leaf Dogwood 2_9%_\ Bush Honeysuckle 2 1%
Red Elderberry 3.1%
™ Amelanchier spp. 17.5%
Bearberry 3.3%
Striped Maple 3 6%

Green Alder 17.3%
Alternate Leaf Dogwood 3.9%

Black Chokebermy 4 8%

Mountzin Maple 5.7%

Red Osier Dogwood §.5%
Wild Raisin 10.7%

45 species and total of 282,120 since 2010




Increasing Biodiversity:

Forest floor transplants enhance recovering sites

Collecting forest floor blocks




Increasing Biodiversity:
Forest floor transplants to recovering sites

Layout at ‘regreening’ site Layout at ‘regreening’ site

e v, ¥
s o

Regreening plots after 3 years are showing evidence of site colonization with
introduced species and slow expansion across landscape




Increasing Biodiversity:

Barren exposed rocky habitats are abundant in Sudbury
P




Increasing Biodiversity:
Lichen Mat Transplants on Exposed Sites




Healthy Watersheds Lead to Healthy Lakes

R
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Shrubs and Understory Trees Planted 1979 to 2017

— 360,539

Green Alder 18.9%

Others 24 4%

Bearberry 2.7% — Amelanchier spp. 14.7%
Striped Maple 3.0% "

Alternate-Leaf Dogwood 3.2%
Wild Raisin 9.2%

Red Elderberry 3.7%

Round-Leaf Dogwood 3.7%

MountainMaple 4.9%  glack Chokeberry 5.7%  Red Osier Dogwood 5.9%



Coniferous Species Planted 1979 to 2017

— 9,250,490

Black Spruce
2.1%

Others 2.0%

White Cedar 2.1%

Jack Pine 29.1%
Others Include:

balsam fir 0.2%,
tamarack 1.3%,
Norway spruce 0.2%,
larch 0.2%, hemlock
0.1%, and Austrian
pine <0.0%.




Deciduous Species Planted 1979 to 2017 — 472, 680

Yellow Birch Others 2.6%
11.0%

Others Include:
Ash 6.1% Russian olive 1.1%,
bur oak 0.8%,
ironwood 0.3%,
American beech
0.1%, bitternut
hickory 0.1%, white
oak 0.1% and
basswood 0.19%.

Red Oak 45.3%




Percent of Species Planted 1979 to 2017 — 10,083,710

Shurbs &

Understory Trees
3.6%

Deciduous 4.7%

Coniferous 91.7%




Sudbury Regreening Program Summary

» Tree Seedlings Planted * Program Cost $31,837,747
9,723,172

e Shrub/Understory Tree e Temporary Employment
Seedlings 360,539 Opportunities 4,746

e Area Limed 3,471 ha e Awards — 14

* Area Fertilized 3,246 ha * Number of Schoolyards

» Area Seeded 3,173 ha Regreened 43

e Forest Floor Transp|ants 1.83 e \olunteer Tree Planters 11,662
ha » Trees Planted by Volunteers

375,046

e Trees for Residential
e Plantings 429,023




Sudbury Success Story To Date:

« 40+ years of ecosystem development on —
the acid — metal enriched Sudbury
landscape.

» Conifer tree growth is similar to
comparison sites outside Sudbury.

* Metal levels in vegetation are above
background values but below guideline
concentrations for concern.

* A‘new’ ecosystem is developing




Key To Success of Sudbury Regreening Story

Rocky Hillsides in Sudbury

There are about 60 volunteers
scattered on the slopes

It is astounding what a dedicated
and active group of volunteers can
do

* Industry co-operation

e Municipal leadership

» Activist professors

» Lack of finger-pointing

o Early visibility of success

e Years of Academic, Inco and
Falconbridge knowledge before
VETAC started in 1972

64



Evolution of the Sudbury
Regreening Protocol

The Sudbury Protocol Goes Russian




Regreening Nickel, Mongekorsk, Zapolyarnyi
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International Nickel Conference Murmansk
2001
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2001 Smelterscapes

Sudbury 2001 Monchegorsk 2001




Current Smelter Landscapes

Sudbury 2001 Monchegorsk 2001




Regional Impact Zones - Nickel in Surface Soils

mo/kg NI
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&A

Страница &P
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Страница &P
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&A

Страница &P

Distance, km

mg/kg
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																						0.03-2 мкм		2-8 мкм		>8 мкм

																				Sr		2		94		4

																				Sc		8		64		28

																				La		36		52		12

																				Ce		45		43		12

																				Sm		36		56		8

																				Eu		24		68		8

																				Th		9		78		13

																				As		80		20		0

																				Sb		96		4		0

																				Cr		41		59		0



Relationships between concentration of trace elements in humus horizons and distance to the Cu-Ni smelter
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&A

Страница &P

мг/кг

Расстояние, км
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Страница &P
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Страница &P
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Relationships between concentration of trace elements in humus horizons and distance to the apatite-nepheline factory

Relationships between concentration of trace elements in humus horizons and distance to the apatite-nepheline factory




Landscape Recovery Research

06.1997 ..
08.2001r

Sudbury 1975 Monchegorsk 2000




Pencehnganlkel Smelter Zone —




Pechenganikel Smelter Zone

LT ¢ BT .T_' SOz, NI, CU

Podzolic soils Highly eroded
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Pechenganikel Smelter Zone (2010)
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Pechenganikel Smelter Zone (2010)

tostabilization

Soil covering




Nikel plots established 2000




Nikel Smelter Zone - Kola Peninsula 2011

Planted 2003

Planted 2004

Planted 2008




Nikel Smelter Zone - Kola Peninsula 2011

From 2004 remediated 1343 ha 2011
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Regreening Norilsk

ASIUSA

‘5 y

Iy
>
&

Levinskiye, "R e
Peski
JleBUHCKHE
fecky f -
¥
Dedinkas
OyakHke

Valyok
Bané’x‘%
ol
Kayerkan B
Kaﬁ'epx;zm ﬁ§°’|i§,k_r.\,
. - F B
4 -
Fod

~ 100 km

Hopunbek?
- "

s




Meeting at Moscow State University




Location of meeting between industry,
government, NGO’s and citizens groups to

ZapO I Oyarny TO U r|St H OtEI highlight emission improvements and

reclamation efforts to date




Zapoloyarny Hotel Meeting
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l1l Norilsk Environment Conference - 2012

Norilsk Nickel Offices Museum and Conference Site




Norilsk — September 2012
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Regreening Norilsk Streetscapes
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Karabash Smelter District




Karabash Smelter Area
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Serpentinite Ridge, Karabash




Karabash, mine site




Karabash Smelter District Solls
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ownstream from Karabash




Mednogorsk Smelter Area




Mednogorsk Smelter Area
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Mednogorsk area
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Origin of reclamation species
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