NYKOS Avslutningskonferanse

Kort om sjagdeponi

14.05.2019 — Roar Sandgy



Mineralnaeing og deponering av avgangsmaterialer

Restmasser i mineralnaeringen: Mengder avhengig av type forekomst
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Mengde avhengig av mengde overdekning, graberg og avgang
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Handtering av avgangsmineraler

Alternativ bruk  Tilbakefylling Land deponi Sjedeponi
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Mineralnaeing og deponering av avgangsmaterialer

Handtering av avgangsmineraler

All deponering har en miljgeffekt — mal a redusere negative effekter

Alternativ bruk Tilbakefylling Land deponi Sjedeponi
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Land deponi

Land deponi — ikke fri for risiko for miljg og helse

Known mining accidents

@ Very serious tailings dam failures

Multiple loss of life (~20) and/or release of > 1 000 000 m* total discharge,

and/or travel of 20 km or more.

@ Serious tailings dam failures
Loss of life and/or release of > 100 000 m* semi-solid discharge.

1985-1996

USA

Hopewell Mine, 1994

Payne Creek Mine, 1994
Fort Meade Phosphate, 1994
IMC-Agrico Phosphate, 1994
Fort Meade Phosphate, 1994
Gibsonton, 1993

Brewer Gold Mine, 1990
Soda Lake, 1989

Silver King, 1989

Big Four, 1989

Thompson Creek, 1989
Southem Clay, 1989

Stancil, 1989

Herando County, 1988

Hunaary
Ajka Alumina Plant, 1991 @
Iy

Consolidated Coal No.1, 1988 N
Prestavel Mine - Stava, 1985 @
Hemando County, 1988
Rain Starter Dam, 1988
Riverview, 1988
Montcoal No.7, 1987 CANADA

Montana Tunnels, 1987

Marianna Mine, 1986 ton Dyke, 1991

Spring Creek Plant, 1986 Matachewan Mines, 1990
Bonsal, 1985 Mineral King, 1986

La Belle, 1985 Quintette, 1985

Olinghouse, 1985
Guyana
Peru ; Omai Mine, 1995
Amatista, 1996 BoLvia
Maze 1) ; El Porco, 1996
Minera Sera Grande, 1994
G Pico de Sao Lui, 1986
Veta de Agua, 1985 tabiro, 1986
El Cobre, 1985
Marga, 1985 Brazi
CHLe

MonTeeGro
Kojkovac, 1992

BuLcARiA
Squrigrad, 1996

Maritsa Istok 1, 1992

ZamBIA
TD7,1993

Saaiplaas, 1993
Saaiplaas, 1993

SoutH AFRICA

; Bekovsky, 1987

Merriespruit, 1994

Estimert: 3-5 alvorlige ulykker per ar: Uvanlig vaer, darlig handtering og lekkasjer.

@ Other tailings dam failures
Engineering/facility failures other than those
classified as very serious or serious, no loss of life.

o Other tailings-related accidents
Accidents other than those classified under the first
three categories of dam failures.

© Non-tailings (or unknown type) failure
Non-tailings incidents - groundwater, waste rock, etc.

CHiNa
Longjiaoshan, 1994
Jinduicheng, 1988
Xishimen, 1987
Huangmeishan, 1986
Niujiaolong, 1985

PHILIPPINES

Marcopper, 1996

Negros Occidental, 1995
Surigao del Norte Placer, 1995
Marcopper, 1993
Itogon-Suyoc, 1993

Tubu, 1992

Surigao Del Norte Placer, 1987
Mankayan, 1986

Russia

Middle Arm, 1995 New Zeatano
Ritec, 1995 ; Golden Cross, 1995
Olympic Dam, 1994
Rossarden, 1986

Story's Creek, 1986

AusTRALIA

G

Kristina Thygesen, GRID Arendal

2007 - 2017 Cavor

Yellow Giant Mine, 2016
Imperial Metals, 2014
Obed Mountain Coal Mine, 2013

Casa Berardi Mine, 2013

Gullbridge Mine , 2012 FINLAND RUSSIA
Hudson Bay Mine, 2012
Bloom Lake, 2011

USA

New Wales plant, 2016 ¢
Gold King Mine, 2015
Dan River Steam Station, 2014
Kingston fossil plant, 2008

© Giebe Mines, 2007

Ajka Alumina Plant, 2010 ?

UK L Sotkamo, 2012 6 Karamken, 2009

CHiNA

Tonglvshan Mine, 2017

Louyang Xiangjiang Wanji Aluminum, 2016
Mianyang City, 2011

Zijin Mining, Xinyi Yinyan Tin Mine, 2010

Zijin Mining, Zijinshan Gold and Copper Mine, 2010

Zijin Mining, Zijinshan Gold and Copper Mine, 2010

Huayuan County, 2009

Zangezur Copper ‘Taoshi, 2008
Mexico ) HuncaRY Molybdenum Combine, 2013
6 Buenavista del Cobre mine, 2014 P e ARMENA
lishor Rotem,
Bz Hpakant, 2015?
Samarco, 2015 IshAEL Mvawar Antamok, Baguio, 2016
Urided M AR Herculano Iron Mine, 2014 Padcal No 3, 2012
o Mineragéo Rio Pomba Cataguases, 2007 Johson Gold Mining 2012
Unidad Minera Caudalosa Chica, 2010
Peu b Tranaue Adosado Planta Alhus, 2010 PHLPPINES
Las Palmas, 2010
Tranque Planta Chacon, 2010
Veta del Agua Tranque No. 5, 2010
Tranque Adosado Planta Alhué, 2010
CHLE
1997-2006
UsA SWEDEN
Bangs Lake, 2005 CANADA Aitik Mine, 2000
Riverview, 2004 Russia
nez, 2000 Pinchi Lake, 2004 RowmaNiA = 2008
, 6 rizanst
Borsa, 2000 4
Mulberry, 1997 T e CHiNA
Pinto Valley, 1997 Walvési, 2004 @ FESRAEE00 g, 2006
o Forte Santa, 206§ @ Sasaine, 2003 Nandan Tin Mine, 2000
Cerro Negro, 2003 PortuGAL Maceoonia
El Cobre, 2002 Huelva, 1998
El Cobre, 2002 TEYKWG 2001 Los Frailes, 1998 San Marcelino Zambales, 2002
Algarrobo, 1997 GHANA SPAN San Marcelino Zambales, 2002
Algarrobo, 1997 4, Konkola Copper Mines, 2006 Toledo City, 1999
Maitén, 1997 ZAvBIA Surigao del Norte Placer, 1999
La Cocinera, 1997 Mineragéo Rio Pomba Cataguases, 2006 Zamboanga del Norte, 1998
Mineragao Rio Pomba Cataguases, 2003 Zamboanga del Norte, 1997
tido das A laras, 2001
Sebastido das Aguas Claras, 200 PO
BraziL
Lopez, 2017
jence in Put

Norske miljgproblemer: sulfid-avgang (Fe, Cu, Mo) fra tgrre tipper pa land



Land vs sj@ deponering

Potensielle ulemper med land- og sjgdeponering

Arealbeslag Ja

Begraver ikke-mobile organismer Ja Ja

Rehabilitering, reetablering Langsomt Raskere (3-10 ar)
Negativ visuell landskapsvirkning Ja Nei

Effekter pa land, vann og elver Ja Nei

Katastrofalt dambrudd Ja Nei

Stpvproblematikk i luft (sandflukt) Ja Nei

Effekter i sjo (partikkelspredning) Mindre sannsynlig Ja

Utlaking av metaller/forsuring Mulig ved nedbgrs-infiltrasjon Mindre sannsynlig

Effekt fra kjemikalier / giftige stoffer i vann Mulig - materialavhengig Mulig - materialavhengig
Langtidseffekter Ja Endrede bunnforhold
Gjenbruk av masse Ja Vanskeligere

Visuell overvakning Enklere Vanskeligere/mer kostbar

For nye sjgdeponi skal alltid et alternativt landeponi utredes (egen KU)
Valg mellom beste alternativ gjgres i arbeid med reguleringsplan og/eller utslippstillatelse.

Cornwall 2013, og Thyve og Iversen 2012



Sjodeponi

Ikke stor utbredelse — Norge har en topografi som gj@r sjipdeponering mulig/ngdvendig

Marine discharges of mine tailings

Norway

Terskelfjorder

T

CHLE

Mine tailings 4

onnes petiveal Riverine discharges of mine tailings

INDONESIA

C

Papua
New Guinea

500000

*No data available

Source: UNEP Global Programme of Action, 2013, International Assessment of Marine and Riverine Disposal;
Group of Experts on the Scientific Aspects of Marine Environmental Protection, Scoping Paper on the Impacts of wastes and other matter in the marine environment from mining operations.
(crip)

Kristina Thygesen, GRID Arendal



Mineralnaering og deponering av avgangsmaterialer

Ilkke bare i Norge hvor mineralnaeringen pavirke sj@ i Europa...

b

Marine aggregate extraction: ca 56 mill m3/y

UK and Continental Aggregate
Dredging Areas

Il UK Dredging Areas
Il Continental Dredging Areas

Major Impacts / Concerns

Impacts on local shell and fin fisheries

Immediate loss and damage of benthic fauna which may
be a valuable food source for fish

Changes in the sediment habitat and its stability
Cumulative impacts on benthic habitats
Sediment plumes

Changes in coastal processes

Effects on resources of historic or archaeological
significance

Carlin & Murray (2006), Baker et al. (2016)



Sjgdeponi i Norge
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- Stjernsund - Sibelco

- Bergsfjorden — Skaland Graphite

- Tysfjord — Quartz Corp , Norcem Kj@psvik
- Ranfjorden — Rana Gruber

- Fraenfjorden — Hustadmarmor (OMYA)
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Planlagte sjgdeponii 2 fjorder
- Repparfjord - Nussir

- Fgrdefjorden — Nordic Mining

Granat yerge
;Fraenfjorden _

7 Kjemikalier:
- Flokkuleringsmidler °
- Flotasjonskjemikalier

Historiske sjgdeponii 18 omrader

Eks

- Jgssingfjorden og Dyngadjupet — Titania
- Bpkfjorden - Sydvaranger

£
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Sjgdeponi i Norge

Waste type

Sulphide wastd
7
7’

What are mine tailings?

Heavy ms@l&daste

Cyanide way

Ftadioacﬁ;‘waﬁt}o

Phosphatt waste
Bitumen ]
(6= i F_:I

Description

Not all sulphide minerals are extracted when processing massive sulphide ores (which may contain copper,
lead, zinc, gold and other minerals). When this residue of sulphide minerals is exposed to the atmosphere
and groundwater in the tailings dam, it oxidizes to form acidic sulphate-rich drainage, commonly refemed
to as acid mine drainage (AMD).

Depending on the type of ming, the tailings can contain various heavy metals. For example, gold mine
tailings may contain elevated concentrations of metals such as arsenic (As), cadmium {Cd), chromium (Cr),
cobalt (Co), copper (Cu), lead (Pb), manganese (Mn), nickel (Ni), and zinc (Zn).

Cyanide waste is generated primarily in the extraction of gold and silver. This waste will ocour in the form
of heap-leach residues, tailings and spent process water,

Radioactive elements are found in tailings generated in the extraction of uranium, some copper deposits
and the processing of placer and mineral sands deposts. Uranium extraction is selective and therefore, up
to 87% of the radicactivity can remain in the tailings (Mudd 2000).

Phosphate waste is generated from mining potash and phosphate ores. The major waste products are
brine solution and tailings consisting of salts, clay, sulphides, oxides and evaporative salts.

Bitumen waste is generated from oil-sand mining. It can contain elevated concentrations of salts, metals
{arsenic, cadmium, chromium, copper, lead and zinc), polycyclic aromatic hydrocarbons, naphthenic acids
and solvents that are added dunng the separation process. Naphthenic acids are toxic to aguatic
organisms (Grant et al. 2013).

Table 1. Examples of potentially harmful substances that can be found in tailings

Source: UN Environment - GRID Arendal



Sjgdeponi i Norge

Kostholdsrad og sjgdeponi
Den eneste fjorden med aktivt deponi hvor
kostholdsrad er aktuelt er Ranfjorden

Her er kostholdsradet pa PAH (Polysykliske
aromatiske hydrokarboner), som ikke er
relatert til avgangsdeponering i sjg fra
bergindustrien.

Ranfjorden blir renere etter hvert som
deponimasser fra Rana Gruber dekker til
forurenset sjgbunn etter gammel
industriforurensning

Global gruvedrift
+
Norsk mineralnaering

Source: Miljostatus.no (2019)
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Sjgdeponi

Eksempel pa sjgdeponi




Sjgdeponi

Eksempler pa sjgdeponi

Sea tailings disposal, in principle

Mineral waste (tailing)

Sea water addition

Buoyancy pipe

Water quality

e —

Deaerating tank

Waste pipe

Concrete weights

/ monitoring
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Outlet depth
Filling depth

Deposited waste material

Plume from waste pipe. High solids content and sea water
mixing, enhance flocculation and fast sedimentation




Sjgdeponi

Eksempler pa sjgdeponi




Sjgdeponi

Miljgeffekten er et samspill mellom mineral — havbunn — fauna/flora - sj@

Type prosess

- Mengde avgang

- Avgangsmineralenes egenskaper (biotilgjengelig sporelement innhold)

- Partikkelstgrrelse og form

- Evnt. kjemikalier (type/konsentrasjon/nedbrytbar — flokkulering-, flotasjonsmidler)
- Utslippsarrangement (avlufting, bruk av kaldt sjgvann)

Type forekomst
- type avgangsmineraler
- Innhold og opptreden
av skadelige elementer

- = Andre nzeringer
- . = == - Havbruk, fiskeri
[ - v

. uType vannlev?nde organismer (migrasjon, gytefelt, egge/larver, truede arter)
Alle sjgdeponi unike:

- Miljgeffekt

- Rekolonisering

- vs land deponi

ma vurderes i hvert enkelt
tilfelle.



Sjgdeponi

Influensomrade og overvakning

Deponigrense:
- Omrade avsatt for deponi

Randsone

- Overgangssone, omrade utenfor _
deponigrensen som mottar £ [
partikler spredt med |
vannstrgmmer — _ =

Avgangsrorf

Deponigrense

Utenfor randsonen skal det ikke
veere merkbar effekt av deponiet
(under grense for negative
gkologiske konsekvenser)
- Akseptkriterier
- Betingelser i utslippstillatelsen
- Sedimentasjonstykkelse
- Partikkelkonsentrasjon

Multi-Parameter Probe

r
CTD- Model SD208

Alle norske sjgdeponi overvakes
regelmessig.



Sjodeponi

Mal for mineralnaeringen i Norge: Sameksistens med andre naeringer

- Fiskeri og havbruk
- Reiseliv

- Reindrift Et av hovedmalene med NYKOS

- Verneinteresser

LNFR omrade

Kombinerte formal i sj@
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