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The aim of Rapid Response Assessments

This UN environment report series is designed to:

1. shine light on an issue
2. gather and visualise information and catalyse research

3. develop recommendations for actions

RAPID RESPONSE ASS
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This Rapid Response Assessment

This report was motivated by community uN® @mio) |

environment

concerns and acknowledges the massive
human and environmental costs of

continued tailings dam disasters.

This report informs a wider audience of M'INETAILINGS-ST ORAGE
SAFETY IS ’NO ACCIDENT

the consequences of failure and
1importantly, the OPPORTUNITIES to
reduce risk and improve safety of tailings
storage.
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Tailings Dams - size

The Fort Knox gold mine in
Alaska.

The tailings are contained
behind an gravel and rock
embankment.

This tailings storage facility
1s eventually expected to
cover 395 hectares.

Store approximately 270
million tonnes of tailings
(dry weight eq.).

Photo credit: Northern Alaska Environmental Centre



Not all storage facilities follow their plan

2007 - 2017 Catah

Yellow Giant Mine, 2016

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 (Y
Fort Meade Phosphate, 1994 ¢y
IMC-Agrico Phosphate, 1994 @y
Fort Meade Phosphate, 1994 @
Gibsonton, 1993 @
Brewer Gold Mine, 1990 @
Soda Lake, 1989
Silver King, 1989
Big Four, 1989
Thompson Creek, 1989
Souther Clay, 1989
Stancil, 1989
Hernando County, 1988
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Consolidated Coal No.1, 1988 @
)
2
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Ajka Alumina Plant, 1991@

Itay

Prestavel Mine - Stava, 1985 @
Hermando County, 1988

Rain Starter Dam, 1988

Riverview, 1988

Montcoal No.7, 1987

Montana Tunnels, 1987
Marianna Mine, 1986 @y
Spring Creek Plant, 1986 ®
Bonsal, 1985 @y
9

CANADA
Iron Dyke, 1991
Matachewan Mines, 1990
Mineral King, 1986

La Belle, 1985 ] Quintette, 1985

Olinghouse, 1985 j‘)

GUYANA
Peru ; Omai Mine, 1995
Amatista, 1996 Bowvia

e e ;EI Porco, 1996

) Minera Sera Grande, 1994

s Pico de Sdo Luis, 1986
i
Veta de Agua, 1985 Ebm -

El Cobre, 1985

Marga, 1985 ¢

CHILE

BraziL

o 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.

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

CHiNa
J Longjiaoshan, 1994
Jinduicheng, 1988
) Xishimen, 1987
MONTENEGRO ® Huangmeishan, 1986

Kojkovac, 1992 P Niujiaolong, 1985

BuLgARIA
Sgurigrad,1996
Maritsa Istok 1, 1992
Russia

PHILIPPINES
Marcopper, 1996
Negros Occidental, 1995
Surigao del Norte Placer, 1995

—
T) Bekovsky, 1987
Marcopper, 1993

Itogon-Suyoc, 1993

Tubu, 1992

Surigao Del Norte Placer, 1987
; Mankayan, 1986

ZavBIA
folan
7,1

© D7,1993

Middle Arm, 1995 New ZEALAND

Riltec, 1995 T)Go\dmg 1995
Olympic Dam, 1994
Rossarden, 1986

Story’s Creek, 1986 )

AUSTRALIA

Merriespruit, 1994
f Saaiplaas, 1993
f Saaiplaas, 1993

SouTH AFRICA

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

Mexico

O] Buenavista del Cobre mine, 2014

Unidad Minera Caudalosa Chica, 2010 :

Unidad Minera Caudalosa Chica, 2010 ¢y
|

Peru

Imperial Metals, 2014

Obed Mountain Coal Mine, 2013
Casa Berardi Mine, 2013
Gullbridge Mine , 2012 FINLAND RussiA
Hudson Bay Mine, 2012

Bloom Lake, 2011 Eebe Mines, 2007

Ajka Alumina Plant, 2010 ? & hngezi Copper

ARMENIA
Mishor Rotem, 2017
BraziL

HuNGARY ‘ I Molybdenum Combine, 2013

Herculano Iron Mine, 2014

Minerag&o Rio Pomba Cataguases, 2007

Tranque Adosado Planta Alhué, 2010
Las Palmas, 2010

]) Tranque Planta Chacon, 2010

Veta del Agua Tranque No. 5, 2010

) Tranque Adosado Planta Alhué, 2010

1997-2006

USA

Bangs Lake, ZIE‘
Riverview, 2004
Inez, 2000
Mulberry, 1997
Pinto Valley, 1997

Cerro Negro, 2003
El Cobre, 2002

El Cobre, 2002
Algarrobo, 1997
Algarrobo, 1997
Maitén, 1997

La Cocinera, 1997

CHILE

SWEDEN

CANADA Aitik Mine, 2000

Russia
Pinchi Lake, 2004 Romania
Red Mountain, 1999 Borsa, 2000
\J L lountain, FRANCE : 3

Malvési, 2004 @ Baia Mare, 2000

CHILE Fonte Santa, 2006 tSasa Mine, 2003

PORTUGAL MAacEDONIA

Huelva, 1998
Tarkwa, 2001 ¢ ; Los Frailes, 1998
GHANA SPAN

b ) Konkola Copper Mines, 2006

ZAMBIA
Mineragéo Rio Pomba Cataguases, 2006

Mineragéo Rio Pomba Cataguases, 2003
Sebastido das Aguas Claras, 2001

BraziL

Source: Center for Science in Public Participation; Wise Uranium Project.

Partizansk, 2004

CHINA
Tonglvshan Mine, 2017
Louyang Xiangjiang Wanji Aluminum, 2016
Mianyang City, 2011
Zijin Mining, Xinyi Yinyan Tin Mine, 2010

UK l Sotkamo, 2012 ‘ Karamken, 2009 fZijin Mining, Zijinshan Gold and Copper Mine, 2010

Zijin Mining, Zijinshan Gold and Copper Mine, 2010
Huayuan County, 2009
Taoshi, 2008

Hpakant, 2015 *
Samarco, 2015 ISRAEL MYANMAR

|
Antamok, Baguio, 2016

Padcal No 3, 2012
Johson Gold Mining 2012

PHILIPPINES

CHINA
Miliang, 2006
Nandan Tin Mine, 2000

San Marcelino Zambales, 2002

Toledo City, 1999
Surigao del Norte Placer, 1999
Zamboanga del Norte, 1998

% San Marcelino Zambales, 2002

? Zamboanga del Norte, 1997

PHILIPPINES

Lopez, 2017




Accidents between 1985 and 2017

i
Initiatives to improve mine waste management

Tailngs Managemsnt

Brasking Naw Ground, Mining, Minerals, and Sustainebis Development

Mining and Devalopment, Globel Mining, Larps Mines and Local

Case studes on Talings Maragement Talings dams, Risk of

Dangerous Cox:

oRkMS and S0uons I the mining industry

Communties

)

Oy
Wanual for Talings ¢ ter Managament Faciities

Guide to the Managament of Talings Faciities - 2nd Editio:
A Guide to Audit and Assessment of Talings Faciity Management

Maragament of Takings and Waste Minng Acthites

Mg closuse Hand!

Talngs Managamant - 151 eciio

Guide to $he Management of Tadings Faciities

Tailngs Management (updets of 2007 publication|

( ancial Rasponsbiy
In Brit ymbia’s mining Incustry

An audk of complianc and enforcemsnt of the mining secior
Mapping Mining to $he Sustainable Development poals - an atlss

Report on Mount Poliey Talings Siorage Facity Breach

ment of Marine
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3rd Editon
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Mine waste at the mine site

Mining and mine waste Concentrate

T 1750 tonnes per day
- ‘.‘ Stockpiles Crushed ore for mining quality control, Mi"
A N A\ . ‘ g 4

N

homogenization and mill-head grade

Overburden materials like soil and rocks are removed
to access the ore body. These are generally considered
benign and are often used for revegetation or landscaping. Slurry tailings
In coal mining the overburden is referred to as spoils. 200000

e 1 d:
Tailings pond B

Slurry
discharge

i Phreatic line
Overflow spillway

Liner
Waste rock is classed as ores that — _V_ S Seepage
are below the economic cut-off grade. aroundwatoriow e e I I -

Waste rock
180 000
tonnes per day

Waste rock storage facility

\ =3 = e Toe seepage
Sub-economic rock

Groundwater flow

e
Source: Ground the trekking, 2014, Mine Tailings, www.grounditruthtrekking.org
G RiD)




How much
waste and is it
only waste?

Non-economical waste:
o+ Useful?

% Polluted or polluting?

Economical ore:
* Adding water — increases mobility

% Is removing the water a solution?

An average day in a large-sized copper mine

270 000 tonnes per day
About 270 000 tonnes of rock
per day are dug out of the mine
and sorted into economical and
non-economical fractions.

Non-economical

of on-site.

Economical
ore

The processing of the economical fraction

Water use
The economical
fraction of the
ore is sent for
processing.

The processing of
90 000 tonnes of ore
requires around 114
000 m3 of water.

90 000 t/day 114 000 m3/day

7

A
/
/

After processing, the tailings remain as a mixture of solid and liquid
|

| A portion of the water
may be reused in the
| processing of new ore.

Solid and liquid parts of tailings

88 250 t/day 114 000 m3/day

I
_—

Approx. 200 000 t/day

t = Metric tons or tonnes

Waste rock

The non-economical

fraction (about 180 000
tonnes are classified as
waste rock) is disposed

180 000 t/day

—/

Mixing 90 000 tonnes of ore with
114 000 tonnes of water gives
around 1 750 tonnes of
concentrate

—
1 750 t/day

The concentrate is now
ready for refining into
metal. This produces a
waste slag.

20 t/day
20 tonnes of liquid remains with
the concentrate. Some of this is
recycled after dewatering of
concentrate.

| Slurry tailings

Approx. 200 000 tonnes of
slurry tailings are pumped into
large tailings dams everyday,
year-round often for 20+
years and left in situ when the
mine closes.

Source: Numbers provided by Mudd, 2015



Waste type

Sulphide waste

Heavy metal waste \

Cyanide waste

Radioactive waste

Phosphate waste

Bitumen waste

GOD

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 referred
to as acid mine drainage (AMD).

Depending on the type of mine, 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 occur 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 deposits. Uranium extraction is selective and therefore, up
to 87% of the radioactivity 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 during the separation process. Naphthenic acids are toxic to aquatic
organisms (Grant et al. 2013).
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Samarco

5 November 2015, the Fundao
dam breached, releasing an
estimated 33 million m? of mine
waste slurry.

The slurry reached the Doce
River Valley and travelled for
620 km until it reached the
Atlantic coast 14 days later.

Germano mine storage facility failure

The Fundao dam, one of the tailings
dams at Germano mine, broke on the
afternoon of 5 November 2015. The
breach discharged 33 million m® of iron
ore tailings slurry.

Funddo dam

)

v
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. Affected waterways
Affected area

o Main towns

Inhabitants
300 000

150000 ———

25000 ——
5000 —

MiNas GEralS

o.. -
_ Mariana—@-BarraLlonga

Initially it was believed that the The mud devastated the sub-district of Bento
Santarém dam had also broken, but - Rogrigues, pulling vehicles downstream and destroying
later it was verified that the mud hundreds of houses, following the Gualaxo and Doce
from the Fundao dam had covered rivers affecting municipalities of Minas Gerais and
it, causing it to overflow as well. Espirito Santo before reaching the Atlantic Ocean.

Santarém dam Town of Bento Rodrigues Gualaxo do
Norte River

Governador
Valadares
< Tumiritinga

Conselheiro
Pena

" Belo Oriente

JJ Ak Resplendor

" Olpatinga

e Aimorés
Guandu
The tailing slurry travelled 620 km down-river, with 4

dams along the way. As no immediate response was
taken, the tailing ended up in the ocean.

Espiriro SaNTO




Direct impacts

PEOPLE FAUNA HERITAGE INFRASTRUCTURE
a m a rc O 19 people died, Entire fish populations- at least Numerous colonial monuments The slurry filled 663 km

600 families were displaced 11 tons- were killed immediately dating back to the 1700s were hydrologic networks.

and at least 400 000 people when the slurry buried them or destroyed.
had their water supply clogged their gills.
disrupted.

LIGHT
VEGETATION SILTING The turbidity of the water prevents
The force of the mudflow The river-bed became light from passing through it, the
destroyed 1 469 hectares shallow and even dried temperature and preventing
of riparian forest. out in some areas. photosynthesis from occurring.

BOTTOM OF THE RIVER MARGINS

Upstream, where 80% of the The mud is
tailing is deposited, mud composed

. cements the floor of the river | of inprganlic matter,

Long-term impacts = eliminating all aquatic life. which will prevent
pfants from growing

PEOPLE pH AND TEMPERATURE TURBIDITY e e

The destruction of riparian, The sediment altered the Downstream and close to the river mouth, when the

fresh-water and marine ecosystems acidity and the temperature river level rises after the rainy season, turbidity

eliminated irreplaceable natural of the water, killing aquatic increases and metal levels in the water column returns

resources and ecological processes life. to the same level as in November 2015.

that support traditional livelihoods,

disrupting fisheries, agriculture, tourism

and fresh-water resources. The interruption of the mining activity will severely affect the local economies of 37 villages and cities-, fishing and
agriculture are banned across affected areas for an indefinite period and misguided future use and restoration designs may increase human exposure
to heavy metals.




Not just Brazil

Mount Polley mi
Canada 2014

Open-pit and underground
copper and gold mine

Operation since 1997

25 million cubic meters of
tailings

Turned a relative small creek
into an over 100 m wide mud

flat



Mount Polley
Canada 2014

The largest environmental disaster in
Canadian mining history

The collapse resulted in a massive
sediment-laden plume scouring
Hazeltine Creek and entering the west
basin of the Quesnal lake

Quesnel Lake 1s one of the world’s deepest
glacial lakes and are important to
commercial, recreational and aboriginal
fishery.

Mount Polley mine storage facility failure

D Immediate affected area;

Fraser River Basin

Debris from the dam breach created an
unstable blockage of Polley Lake. The
company that owned the mine, Imperial
Metals, installed a pipe to enable lake
drainage to the creek.

CANADA

On 4 August 2014, the tailings dam
breach sent 25 million m® of wastewater
and tailings into Polley Lake.

An unknown quantity of
overburden scoured into the
West Basin of Quesnel Lake.
Cooscillating seiches moved
West Basin water both westward
and eastward, contaminating the
Main Basin.

_—m——

The balance of the tailings and water
flowed down Hazeltine Creek, which
was originally 1.2 metres wide, and got
up to 150 metres wide.

Polley'Lake

Quesnel
Lake

Tailings
storage
facility

Hazeltine Creek

_—_—m—m—_— e =

1km
Lopez, 2017

— Sources: Petticrew E. et al, 2015, The impact of a catastrophic mine tailings impoundment spill into one of North America’s largest fiord lakes: Queésnel
G RiD Lake, British Columbia, Canada, Geophysical Research Letters, 42; Hume M., 2014, Pollutants from Mount Polley breach may have long-term effects: study, The Globe and"Mai.




Maramures County

Romania, 2000

Progress of the spill plume SLOVAKIA
30 January

Cyanide spill occurs at Baia Mare, Romania
1 February

Spill plume reaches Romanian-Hungarian border
5 February

Cyanide registers in tests at Tiszalok

9 February
Spill plume reaches Szolnok

11 February
It crosses the Hungarian-Yugoslavian border
13 February
It reaches Belgrade (Perlez), Yugoslavia

15 February
It meets the Romanian border again, at Ram

17 February
Cyanide registres in tests at Iron Gate, Romania

25-28 February
The plume reaches the Danube Delta

rces: UNEP/OCHA, 2000, The Cyanide Spll at B
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Locations of tailings spills
Affected by Borsa spill
Affected by Baia Mare spill
Affected by both spills

Protected areas intersected
by polluted rivers*
Other protected areas

*Some protected areas are multi-part sites




Aznalcéllar mine
storage facility failure

Aznalcollar, Spain 1998 [——

one metre towards the Rio Agrio.

The front of the slide was about 20 metres wide,
and it was located in the area of the junction of the
two impoundments.

The dam cracked and broke.

Bollullos Par
del Condado

Estimated amount of metals released into the environment

0 3000 6000 9000 12000
| | | | |

14 500 tonnes of zinc and lead

3 600 tonnes of copper

Almonte
L)

‘ 900 tonnes of antimony

100 tonnes of cobalt

Between five and seven million m? of
contaminated slurry spilled through
the gap.

90 tonnes of thallium and bismuth

45 tonnes of cadmium and silver

This caused the bed of the Rio Agrio to
rise locally by three metres.

27 tonnes of mercury

18 tonnes of selenium and other metals

G RID Source: Grimalt et al 1999

Parks designed after tailings spill

Parks present at time of tailings spill

: ; - ; Sanldcar de
: ‘ ./- Location of Los Frailes tailings spill Barrameda
i1 Areaof spill #cﬁe?g 2
L]

G R 1'D) Source: El Pais of May 14, 1998, WISE 2015, UNEP-WCMC.



Impacts of tailings dam failures on biodiversity and associated ecosystem services

Immediate environmental
impacts

Decreased water quality
and oxygen content

High levels of toxicity
Decreased populations of
aquatic species

Loss of vegetation and
nursery habitats

Long-lasting effects

Loss of regenerative capacity

Bio-accumulation of heavy
metals

Persistence of heavy metals in
floodplain sediment

Changes in ecosystem
structure and function

Altered species composition

Change in vegetative structure

Loss of ecosystem connectivity

Increase in bank/bed erosion

Social implications

More floods

Reduced fish catches

Reduced carbon capture

Loss of tourism revenue

Decreased clean-water supply

Source: UNEP-WCMC




Marine discharges of mine tailings (2013)

NoRrwaY

Mine waste

Riverine and offshore disposal

FRANCE™ ®

Papua
NEW GUINEA

Difficult to build tailings dams

Initially cost effective

Mine tailings
Tonnes per year

Riverine discharges of mine tailings (2013)
90000 000 ——

Forbidden in many countries

40 000 000 —

Still used and a new disposal area was
permitted last week

10000 000 —— ‘ ‘r

INDONESIA ) [
| | i
2000000 — ) — @)
/‘ Papua
500 000 \ New Guinea

*No data available
Source: : UNEP Global Programme of Action, 2013, International Assessment of Marine and Riverine Disposal;
erts on the Scientific Aspects of Marine Environmental Protection, Scoping Paper on the Impacts of wastes and other matter in the




2 Recommendations from the report




Initial Stakeholder workshop

2 days in December 2018

The objective of this workshop was to hear viewpoints and
concerns from a wide range of stakeholders in an open
discussion, and come up with a plan for the activities that need
to take place to achieve the ultimate goal of zero failures.



First day of the workshop:

Expanding the definition of failure

The group decided to expand the definition of failure to
include, beyond “a release of tailings”:

failure to prevent and manage environmental risks,
failure to communicate risk to local communaities,
to plan for accidents,
to plan for adequate mine closure,
failure to consider future generations and

failure to look for innovative solutions to the current
problems associated with mine waste.



The stakeholder workshop

Second day

Focus was on exploring the future direction of the work on mine
waste management and collectively consider establishment of a

Global Mining Initiative.




What would success look like

Have the long-term goal of net zero mine waste, and a new and transformational mining
activity.

Achieve the short-term goal of zero tailings storage failures.

Involve all mining companies and regulators in all mining jurisdictions.

Include all mining beneficiaries, such as banks and financial institutions (shareholders).
Target the underperformers in the industry to bring them up to an acceptable standard.
Be transformative, campaign for new technology and innovation across all sectors.

Require compulsory competent external review of waste management facilities

Champion ethics over short-term profits.

Instigate a new type of cost benefit analysis that incorporates all externalities.

Address legacy waste inclusive of re-use opportunities for these materials.
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