ENVIRONMENTAL REHABILITATION
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Meeting on Inventories of Closed Mine Waste Facilities
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Considering
e National Environmental Act (1987)

e Mining Licensing (Decree-Law 90/90)
e Amsterdam Treaty (1997)

e Community Support Frameworks (CSF)

In 2001, the Portuguese Government confers to EXMIN / EDM
(Decree-law 198A/2001) the public service concession for the
environmental rehabilitation of abandoned mines
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Decree-law 198-A/2001:

e Old and deteriorated mines that constitute a potential
public health or environmental risk, requiring the State
intervention, namely:

e Mines whose concession reverted to the State or
whose owner is bankrupted

e Mines that started activity before the current licensing
legislation and closed until 16-03-1990

e Radioactive mines (public interest in rehabilitation)
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The Concept of Abandoned Mines

Acid mine water

Waste facilities

Landscape

Abandoned
Mine

Air pollution
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Phoenicians and Romans
1. Gossan type oxidation zones and gold-bearing placers
2. Gold and polymetallic sulphide vein deposits

Mineral Resources: Cu-Au-Ag and Fe-Cu-Sn

Middle Age
1434 - D. Duarte |

Mining Act — 1%t concessions

Industrial Revolution
and 20t century

Neves Corvo Mine
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Inventory of Abandoned Mines

: Number of Major
Mineral :
mines Group
Tin and Tungsten 40
Basic Metals 28 Metallic
Gold 12 minerals
Iron and Manganese 16
Polymetallic 10 Polymetallic
sulphides sulphides
Radioactive 61 Radioactive
Coal 3
Asbestos 1 -
Others 4

Total 175
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e Inventory and local surveys
e Hierarchization Process Phase 1
e Definition of characteristic types

e Planning

Master Plans / Action Plans

Projects and Environmental Studies Effluentitreatment systems Phase 2

Rehabilitation Works Monitoring Phase 3

Maintenance and long term monitoring Phase 4
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FICHA DE MINA ABANDONADA
Grupe:

.
¢ LO cation o —
Ano da concessdo Periodo de laboracéo) 197‘3 /111987

Arca:

Localizagéo:
Viseu
Mangualde

e Concession date and
operating period

Tipo do lavia:

Enguadramento demografico e geomorfolégico

 Excavation type (surface |Reta e ———

Cunha Baixa
Cubos

mining and/or
underground mining)

Enquadramenta hidrografico

e Geomorphology

e Nearby populations

Mangualde
Mangualde

U
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LOCALIZACAO GERAL

ADRFA MINEIRA

QUINTA DO BISPO
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e Geologic and
Hydrographic survey T T ===

Radiometria de|

e Environmental impacts

TAMINACOES QUIMICAS

(soil, water, air)
e Safety issues

e Photos

CARACTERIZACAO DE EFLUENTES:

Equipamento: Multiline P3 lH;"LF S|

Local 1
Local 2
Local 3
Local 4
Local 5
Local 6
Local 7
Local 8
Local9
Local 10 i d Observagies:
Local 11
Local 12
Local 13
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e Hydrogeologic study

e Dam monitoring

e Fencing of open pits

|
| .wChanca
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Hierarchization Process

The Analytic Hierarchy Process (AHP) relies on three
fundamental principles:

1 Decomposing
d Weighing

4 Evaluating

|
D I ET G CIE

| | |
mEm = o




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL
BUDAPEST . MAY 2009

='m

Empresa de Desenvolvimento Mineiro, SA

Analytical Hierarchy Process (AHP)

Global Value for each inventoried mine

Number Mine Global Value Number Mine Global Value
1 Urgeirica 0,0548 31 Mata da Rainha 0,0123
2 Aljustrel 0,0505 32 Castelejo 0,0119
3 S&o Domingos 0,0465 33 Alto da Varzea 0,0105
4 Covas 0,0441 34 Carrasca 0,0104
5 Cunha Baixa 0,0412 35 Agrupamento C 0,0102
6 Bica 0,0394 36 Pinhal do Souto 0,0101
7 Quinta do Bispo 0,0382 37 Reboleiro 0,0098
8 Lousal 0,0347 38 Freixiosa 0,0091
9 S. da Caveira 0,0322 39 Forte Velho 0,0087
10 S.2 das Fontes 0,0322 40 Maria Donis 0,0087
11 Argozelo 0,0289 41 Ribeira 0,0086
12 Montesinho 0,0274 42 Freixeda 0,0084
13 Vale da Abrutiga 0,0234 43 Picoto 0,0084
14 Mondego Sul 0,0234 44 Cruz da Faia 0,0084
15 Ferreiros 0,0217 45 Addria 0,0083
16 Vale D'Arca 0,0184 46 Espinho 0,0075
17 Santo Anténio 0,0182 47 Barréco | 0,0071
18 Fonte Santa 0,0167 48 S. Domingos Moreira de Rei 0,0071
19 Antiga Fabrica Barracéo 0,015 49 Pousadela 0,007
20 Murcos 0,0148 50 Barréco D Frango 0,007
21 Vale das Gatas 0,0147 51 Mestras 0,0068
22 Borralha 0,0144 52 Rio de Frades 0,0067
23 H. Gouveia de Baixo 0,0142 X] Agrupamento A 0,0067
24 Ribeira do Bbco 0,0142 54 Orada 0,0064
25 Terramonte 0,0137 55 Canto do Lagar 0,0063
26 Vales 0,0137 56 Pera do Mocgo 0,0061
27 Tuela 0,0136 57 Agrupamento B 0,006
AL Chanca 0,0136 58 Azenhas 0,0053
29 Rosmaneira 0,0134 59 Ceife 0,0051
30 Jales 0,0131 60 Chas 0,0045
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Analytical Hierarchy Process (AHP)

Cost-benefit analysis

) Cost- : Cost-
Number Mine Global Value Cost Benefit Number Mine Global Value Cost Benefit
€ (x10%) € (x10°%)
1 Ferreiros 0,0217 60.000 361,7 35 onte 0 0,0274 850.000 32,2
2 H. Gouv. de Baixo 0,0142 50.000 284 36 Bica 0,0394 1.229.300 32,1
3 Mata da Rainha 0,0123 60.000 205 37 aria DO 0,0087 280.000 31,1
4 A. Fab. Barracdo 0,015 80.000 187,5 38 Alto da Varzea 0,0105 350.000 30
5 Carrasca 0,0104 60.000 173,3 39 Argozelo 0,0289 1.000.000 28,9
6 Freixiosa 0,0091 60.000 151,7 40 onte Santa 0,0167 600.000 27,8
7 Cruz da Faia 0,0084 60.000 140 41 Agrupamento A 0,0067 250.000 26,8
8 Pousadela 0,007 50.000 140 42 Orada 0,0064 250.000 25,6
9 Murgés 0,0148 120.000 123,3 43 Barréco 0,0071 290.000 24,5
10 Pinhal do Souto 0,0101 85.000 118,8 44 ondego 0,0234 1.000.000 23,4
11 Vale das Gatas 0,0147 125.000 117,6 45 da Abrutiga 0,0234 1.000.000 23,4
v Mestras 0,0068 60.000 113,3 46 Reboleiro 0,0098 500.000 19,6
13 Pera do Mogo 0,0061 60.000 101,7 47 Picoto 0,0084 450.000 18,7
14 Vales 0,0137 150.000 91,3 48 Baixa 0,0412 2.224.000 18,5
15 Jales 0,0131 150.000 87,3 49 2 das Fonte 0,0322 2.200.000 14,6
16 Chés 0,0045 60.000 75 50 da Caveira O 0,029 2.000.000 14,5
17 S.D. Moreira de Rei 0,0071 100.000 71 51 ousa 0,0347 2.556.900 13,6
18 Freixeda 0,0084 120.000 70 52 erramonte 0,0137 1.040.000 13,2
19 Agrupamento C 0,0102 150.000 68 53 Baixa-Q.Bispo-Espinho 0,0869 6.874.000 12,6
20 Chanca 0,0136 200.000 68 54 Q. do Bispo 0,0382 4.450.000 8,6
21 Agrupamento B 0,006 100.000 60 55 A e 0,0253 3.110.300 8,1
22 Borralha 0,0144 250.000 57,6 56 do Do gos P 0,0039 509.300 7,7
23 Rio de Frades 0,0067 120.000 55,8 574 ao Do gos P 0,0152 2.000.000 7,6
24 Azenhas 0,0053 100.000 53 58 ao Do gos P 0,0089 1.173.500 7,6
25 Barréco D .Frango 0,007 140.000 50 59 anto Anténio 0,0182 2.400.000 7,6
26 S. da Caveira Barragem 0,0032 64.600 49,5 60 ale D'Arca 0,0184 2.944.000 6,3
27 Canto do Lagar 0,0063 130.000 48,5 61 A el F4 0,0227 3.693.000 6,1
28 Tuela 0,0136 300.000 45,3 62 Rosmaneira 0,0134 2.200.000 6,1
29 Adoria 0,0083 200.000 41,5 63 geirica B. Velha 0,0336 5.720.200 5,9
30 Ceife 0,0051 125.000 40,8 64 geirica B. Nova 0,0212 3.616.200 5,9
31 Ribeira do Boco 0,0142 370.000 38,4 65 orte Velho 0,0087 1.800.000 4,8
32 Espinho 0,0075 200.000 37,5 66 astelejo 0,0119 3.000.000 4
33 Covas 0,0441 1.179.000 37,4 67 do Do gos O 0,0186 8.000.000 2,3
ez Ribeira 0,0086 250.000 34,4 68 A el Comp 0,0025 1.800.000 1,4
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Inventoried Planned
Groups : .
mines Intervention
Radioactive mines 61 56
Metallic minerals and
) : 114 40
polymetallic sulphides
Total 175 96
Investment (Euros)
Groups Total
2007 2008 2009 2010 2011 2012 2013
Ra‘fr']‘i’nags“"e 1650000 | 5546500 | 10499500 | 10954 000 | 12 300300 | 11284000 | 7766000 | 60000 000
Metallic
r;‘(')rl‘;;a;a?l?g 2422007 | 8682008 | 8842009 | 9452010 | 10672011 | 11282012 | 6 662013 | 58000 000
sulphides

Total 4072007 | 14228508 | 19341509 | 20406 010 | 22972011 | 22 566 012 | 14 428 013 | 118 000 00O
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Rel Rehabilitati Works
Metallic Minerals Radioactive Mines
eJales ° ESpinhO
e VValinhos
eArgozelo

e Vale da Abrutiga

shianiesys e Industrial Area and Tailings Dam in

Urgeirica

Polymetallic Sulphides in the
Iberian Pyrite Belt

eSao Domingos

eAljustrel




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL
BUDAPEST . MAY 2009

='m

Empresa de Desenvolvimento Mineiro, SA




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL '

BUDAPEST . MAY 2009 =% m
Qs QN

Empresa de Desenvolvimento Mineiro, SA




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL '

BUDAPEST . MAY 2009 =% m
ALY

Empresa de Desenvolvimento Mineiro, SA




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL '

BUDAPEST . MAY 2009 a ' m
A=A,

Empresa de Desenvolvimento Mineiro, SA




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL
BUDAPEST . MAY 2009

edn

Empresa de Desenvolvimento Mineiro, SA




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL '

BUDAPEST . MAY 2009 a ' m
A=A,

Empresa de Desenvolvimento Mineiro, SA




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL '

BUDAPEST . MAY 2009 a . m
A=A,

Empresa de Desenvolvimento Mineiro, SA




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL '

BUDAPEST . MAY 2009 =% m
ALY

Empresa de Desenvolvimento Mineiro, SA




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL

BUDAPEST

MAY 2009

o m

Empresa de Desenvolvimento Mineiro, SA




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL '

BUDAPEST . MAY 2009 a . m
A=A,

Empresa de Desenvolvimento Mineiro, SA




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL '

BUDAPEST . MAY 2009 a ' m
A=A,

Empresa de Desenvolvimento Mineiro, SA

BT (NN
NAQL LTILIZAVELS




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL '

BUDAPEST . MAY 2009 a ' m
A=A,

Empresa de Desenvolvimento Mineiro, SA




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL '

BUDAPEST . MAY 2009 =% m
Qs QN

Empresa de Desenvolvimento Mineiro, SA




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL
BUDAPEST . MAY 2009

='m

Empresa de Desenvolvimento Mineiro, SA




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL '

BUDAPEST . MAY 2009 =% m
Qs QN

Empresa de Desenvolvimento Mineiro, SA




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL
BUDAPEST . MAY 2009

='m

Empresa de Desenvolvimento Mineiro, SA




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL '

BUDAPEST . MAY 2009 =% m
Qs QN

Empresa de Desenvolvimento Mineiro, SA




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL
BUDAPEST . MAY 2009

edn

Empresa de Desenvolvimento Mineiro, SA




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL
BUDAPEST . MAY 2009

='m

Empresa de Desenvolvimento Mineiro, SA




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL '

BUDAPEST . MAY 2009 =% m
ALY

Empresa de Desenvolvimento Mineiro, SA




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL '

edn

Empresa de Desenvolvimento Mineiro, SA

BUDAPEST . MAY 2009




ENVIRONMENTAL REHABILITATION OF ABANDONED MINES IN PORTUGAL

BUDAPEST . MAY 2009

ORP TSS

Flow

Controllers

Normalized Signals 4 /20mA

Computer

Data Logger
Local Database

Acquisition,
storage and data
handling

GSM Modem

Network
EDM Server

Database

edi

Qe N

Empresa de Desenvolwmenio Mineiro, SA

Maintenance
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Important Remarks

New Installation K Abandoned Mine

@ @&
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Conclusions and Recommendations

e Abandoned mine different from abandoned waste facility
e Holistic and multidisciplinary solutions

e Consider the contamination plume in the proposal on mine

waste facility pre-selection

e |egislation framework for environmental rehabilitation of

abandoned mines

e Maintenance and long term monitoring




