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The aim of Rapid Response Assessments

The UN Environment reports are designed to:

1. shine light on an issue

2. gather and visualise information and catalyse research

3. develop recommendations for actions

E—WASTE RISKS

ELEPHANTS IN THE DUST
THE AFRICAN ELEPHANT CRISIS

P

BLUE CARBON

THE ROLE OF HEALTHY OCEANS IN BINDING CARBON

-~

More RRA’s can be accessed here: http://www.grida.no/publications

UN® (G r:12D)

environment



The Rapid Response Assessment

The report was motivated by community
concerns, and acknowledges the human and
environmental costs of continued tailings dam
disasters.

The report informs a wider audience of the

consequences of failure and importantly, the
OPPORTUNITIES to reduce risk and improve
safety of tailings storage.




This Rapid Response Assessment

Known mining accidents the last decade

This report provides an 2007 - 2017
overview of the KEY ISSUES
surrounding tailings dam
failures.

It uses case studies to
1llustrate:

- causes of failure and

- direct and long-term
consequences for the people
and the environment
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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 ‘1«9
IMC-Agrico Phosphate, 1994
Fort Meade Phosphate, 1994 ?
Gibsonton, 1993 ¢
Brewer Gold Mine, 1990 i
Soda Lake, 1989 f
Silver King, 1989 ¢
Big Four, 1989 g
Thompson Cregk, 1989 ?
Southemn Clay, 1989 ‘?
Stancil, 1989 %%
Hernando County, 1988 ﬁ

Huncary

Ajka Alumina Plant, 1991 ‘

ItaLy

Consolidated Coal No.1, 1988
slbalios Prestavel Mine - Stava, 1985 ;3

Hernando County, 1988 @
Rain Starter Dam, 1988
Riverview, 1988 \];)
Montcoal No.7, 1887
Montana Tunnels, 1987 ﬂ

Marianna Mine, 1986 ¢ @ Iron Dyke, 1991
Matachewan Mines, 1990
Spring Creek Plant, 1986 ﬁg !
Bonsal, 1985 ¢ ‘

© Mineral King, 1986
; Quintette, 1985

La Belle, 1985 Qf;
Olinghouse, 1985 @

GuYANA
Peru ; Omai Mine, 1995

MOoNTENEGRO
o

@ Kojkovac, 1992

CANADA BuLGArIA

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

3

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
(y Xishimen, 1987
Huangmeishan, 1986
Niujiaolong, 1985

PHILIPPINES
Sgurigrad, 1996

Maritsa Istok 1, 1992
Russia

%? Bekovsky, 1987

Marcopper, 1998

Negros Occidental, 1995
Surigao del Norte Placer, 1995
Marcopper, 1993

3 ltogon-Suyoc, 1993

Tubu, 1992
@ Surigao Del Norte Placer, 1987
: Mankayan, 1986

ZAVBIA

Amatista, 1996 Bouvia
Marsa, 199ai i El Porco, 1996 ‘135 TD7,1993

& Minera Sera Grande, 1994
Cerro Negro, 1985

Veta de Agua, 1985
El Cobre, 1985 ¢y

Marga, 1985 ¢

CHiLe

BraziL

) Pico de Séo Luis, 1986 [
irito, ) Saaiplaas, 1993
{lwbmo 1986 «‘? pl Rossarden, 1986

Middle Arm, 1995
Riltec, 1995
Olympic Dam, 1994

.

Merriesprut, 1994 New Zeatanp

e
Saaiplaas, 1993 Q Golden Cross, 1995

Story's Creek, 1986 ¢

AUSTRALIA
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2007 - 2017 Coon

Yellow Giant Mine, 2016 Crina

Imperial Metals, 2014 Tonglvshan Mine, 2017

Obed Mountain Coal Mine, 2013 Louyang Xiangjiang Wanji Aluminum, 2016
Casa Berardi Mine, 2013 ) Mianyang City, 2011

USA = - N .
New Wales plart, 2016 Gullbridge Mine , 2012 FINLAND Russia & Z||m MrnTng, XTVI Yinyan Tin Mine, 2010 .
Gold King Mine, 2015 Hudson Bay Mine, 2012 UK * Sotkamo, 2012 ; Karamken, 2000 T) Zijin Mining, Zijinshan Gold and Copper Mine, 2010

Dan River Steam Station, 2014 Bloom Lake, 2011 %ebe Mines, 2007 @ Zijin Mining, Zijinshan Gold and Copper Mine, 2010

Huayuan County, 2009

Kingston fossil plant, 2008 . .
Ajka Alumina Plant, 2010 * g e Taoshi, 2008
Mexico

[ Molybdenum Combine, 2013
® Buenavista del Cobre mine, 2014 pu I ARMENIA

Mishor Rotem, 2017¢y
BRAzIL j) Hpakant, 2015 *

Samarco, 2015 IsRAEL MyaNMAR J Antamok, Baguio, 2016
| Herculano Iron Mine, 2014 ; Padcal No 3, 2012

Unidad Minera Caudalosa Chica, 201 =5
{e? Johson Gold Mining 2012

0
Unidad Minera Caudalosa Chica, 2010 ¢y
Peru ﬂjlg Tranque Adosado Planta Alhug, 2010 PHILPRINES
; Las Palmas, 2010

Mineragdo Rio Pomba Cataguases, 2007

@ Tranque Planta Chacon, 2010
@ Vetadel Agua Tranque No. 5, 2010
;:? Tranque Adosado Planta Alhug, 2010

CHiLe
1997-2006
%L SWEDEN
Bangs Lake, 2005 ¢ CANADA Aitik Mine, 2000
Riverview, 2004 Russia
i g © Pinchi Lake, 2004 Rowmania
s - & Borsa. 2000 ‘ Partizansk, 2004
Mulberry, 1997 ‘g GedMountaln, 1998 oy . CHINA
Pinto Valey, 1997 Malvési, 2004 ¢ Ealgiarcaeito Miliang, 2006
il Fonte Santa, 2006 ' t Sasa Ming, 2003 Nandan Tin Mine, 2000
Cerro Negro, 2003 { PorrucaL Maceoonia
El Cobre, 2002 @ @ Huelva, 1998
El Cobre, 2002 ¢ Tarkwa, 2001 @ Los Frailes, 1998 + San Marcelino Zambales, 2002
Algarrobo, 1997 ¢ GHANA SrAN O San Marcelino Zambales, 2002
Algarrobo, 1997 g ' Konkola Copper Mines, 2006 Toledo City, 1999
Maitén, 1997 ¢ ZAMBIA Surigao del Norte Placer, 1999
La Cocinera, 1997 i Mineragéo Rio Pomba Cataguases, 2006 &? Zamboanga del Norte, 1998

Minerag&o Rio Pomba Cataguases, 2003 Zamboanga del Norte, 1997

T

Sebastido das Aguas Claras, 2001
PHILIPPINES

BraziL

Lopez, 2017

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



Causes of tailing dams failures 1915-2016

52 Unknown

Many of the older dam failures that were not
sufficiently documented may fall into this
category.

27 Earthquake - seismic instability
Dams are designed to withstand
earthquakes, but if the earthquake is
larger than that which was anticipated,
the structure can be destroyed by the
shaking.

7 Erosion - external erosion

Simple erosion of a dam face, typically due
to precipitation run-off that is not repaired *

17 Seepage - seepage and internal erosion
Erosion of dam material due to water passing through
areas of the dam that are designed to remain dry.

(¢ rR'1'D)

30 Slope instability - static failure

A constant load that causes deformation, to the point
at which a dam partially or completely fails. Often
caused by partial saturation of areas of the dam that
are designed to remain dry.

15 Foundation - structural and foundation
conditions, foundations with insufficient
investigations

Failure related to building the dam on a surface
that does not provide sufficient support for the
weight of the dam. An example is a layer of clay
under a dam.

16 Structural - structural inadequacies,
inadequate or failed decants

Design errors or failure of a designed
component to function as designed. Failed
decants (which drain water from the impound-
ments) are @ common cause.

44 Overtopping

Water flowing over the top of a dam.
Tailings dams are made of erodible
material, and overtopping will cause
erosion.

1 Mine subsidence

If the dam or impoundment is built above an
underground mine, collapse of the underground
mine workings can lead to release of the

impounded tailings. Source: ICOLD 2001, Chambers 2017
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Tailings Dams — s1ze

The Fort Knox gold
mine in Alaska. The
tailings are contained in
a valley behind an earth
and rock embankment
that creates a dam

This tailings storage
facility is eventually
expected to cover 395
hectares and store
approximately 270
million tonnes of tailings.



Mining and mine waste

» Concentrate
T 1750 tonnes per day

- ‘ Stockpiles Crushed ore for mining quality control,
\‘ ‘ ‘ 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. 200 000
tonnes per day

Tailings pond
Slurry
discharge

’ Phreatic line
Overflow spillway 4

Waste rock is classed as ores that
are below the economic cut-off grade.

Waste rock
180 000
tonnes per day

Waste rock storage facility

\ W Seepage Toe seepage
Sub-economic rock - =

A e e E s s e ...

Groundwater flow

Source: Ground the trekking, 2014, Mine Tailings, www.groundiruthtrekking.org
(6'Ri'D)




Not just waste

An average day in a large-sized copper mine

270 000 tonnes per day

Waste rock

About 270 000 tonnes of rock Uiz e ol |

Non-economical per day are dug out of the mine
ore and sorted into economical and

non-economical fractions. o

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

Economical %’

ore

The processing of the economical fraction

Water use
The economical The processing of
fraction of the 90 000 tonnes of ore
ore is sent for requires around 114
processing. 000 m3 of water.
90 000 t/day 114 000 m3/day

e

A
7/
7/

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 !
|

.—l—.)

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

Approx. 200 000 t/day mine closes.

t = Metric tons or tonnes

Source: Numbers provided by Mudd, 2015



Samarco — Brazil 2015

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

19 people were killed - village
residents and Samarco
employees.

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

UN® (G.r:i
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Samarco — Brazil 2015

Germano mine storage facility failure Direct impacts
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Aznalcollar mine
storage facility failure

Aznalcollar, Spain 1998 ==

one metre towards the Rio Agrio.

The front of the slide was about 20 metres wide, : 0
and it was located in the area of the junction of the | F i = ; s
two impoundments. 1 | ) ]-.' ﬁ%

Estimated amount of metals released into the environment /|

0 3000 6000 9000 12000 The dam cracked and broke. : S N——"1a Palma del f /' Sanliicar
| | | | ) 1 « Condado \ JLa Mayor

14 500 tonnes of zinc and lead

3 600 tonnes of copper

. b
Bollullos Par
del Condado

Almonte
O |

‘ 900 tonnes of antimony

100 tonnes of cobalt
90 tonnes of thallium and bismuth
45 tonnes of cadmium and silver

27 tonnes of mercury

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

18 tonnes of selenium and other metals

G'R'I'D) Source: Grimalt et al 1999

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

It released approximately 5.5 million cubic metres
of acidic, metal-rich water and approximately 1.3

to 1.9 million cubic metres of toxic tailings into Parks designed after tailings sl
the Agrio, Guadiamar and Los Frailes Rivers o
MDGalion of Los Frailes tailings spill g:glgr%aerdge
o Arsaospl jrofed

UN® (Erio)

G R D'_ Source; EV Pais of May 14, 1098, WISE 2015, UNEP-WCMC.



Val di Stava dam collapse Prestavel mine

Stava /taly 1985

In July 1985, the embankment of the upper decanting
basin dropped, causing the collapse of the lower one as
well. This released a mass of about 180 000 m? of water
and mud pouring at a speed of about 90 km/h in the
valley below. Along the route, another 40 000-50 000 m?
of erosion caused the destruction of buildings and
hundreds of trees.

Mudflow caused the death of
268 people (including 59

In July 1985, the tailings dam EEE T oo o
2h ; houses, 6 sheds and hundreds

of the Prestavel fluorite mine ? ., L EET | KEEisres
. ‘ i Al 4 d buildings were demolished. A

collapsed, causing the deaths y TP o e e
i of approximately 435 000 m?

Of 268 people, : » iy s for a length of 4.2 km.

Altitude (m)

LOWER BASIN

Most critical
___ break area

\___'
Around 180 000 m? of semi- | ;:r *
ﬂuid tailings were released, :zz:t;"a::;;:prso:ﬂe Gravel core

100

b uI‘Yin g th e do Wn Stre a m ) The cause of the collapse was identified in the chronic instability of

landfills, and in particular the upper basin, which did not have the minimum
safety coefficients needed to avoid the collapse. In over 20 years, landfills

Village S Of Stava and Te S ero . were never subjected to a series of stability checks.

Among others, the causes of instability have been identified in:

- the humid nature of the soil, which did not enable sludge drainage;

- the incorrect construction of the upper reservoir embankment and in the
proximity to the lower one;

- the excessive height (34 m) and slope (up to 40°) of the embankment;

- the incorrect location and maintenance of the overflow pipes of decanting

waters.

Sources: Fondazione Stava1985 (http://www.stava1985.it); Chandler J, Pellegrini M and Tosatti G, 1995, Le cause del disastro, in Lucchi G (eds), "Stava:

GRRAIL D) Perché la genesi, le cause, la responsabilita della catastrofe di Stava negli atti dell'inchiesta ministeriale e nelle sentenze del procedimento penale", pp. 221-230, Curcu & Genovese, Trento.

Ay .
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Stava — Italy 1985

UN& (Gc.r:i'D

environment ARENDAL



Mount Polley mine storage facility failure

CANADA

Cariboo

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

Canada 2014

An unknown quantity of

overburden scoured into the

West Basin of Quesnel Lake.

100 km \ { Cooscillating seiches moved
~m : West Basin water both westward
( \ and eastward, contaminating the

[ immediate affected area p ’ ! j Main Basin.

Fraser River Basin

* major mining nation

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.

_— o

Polley'Lake

Quesnel
Lake

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

_— - =

. . Sources: Petticrew E. et al, 2015, The impact of a catastrophic mine tailings impoundment spill into one of North America’s largest fiord lakes: Quesnel
gy - G R'1'DJ | ake, British Columbia, Canada, Geophysical Research Letters, 42; Hume M., 2014, Pollutants from Mount Polley breach may have long-term effects:.study, The Globe and*Mail.
UN® (g.r.i'D
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Case study: Romania
SLOVAKIA

UKRAINE

Maramures County

HUNGARY

=

Omes h.,\_,_\_x

Romania, 2000 M -

ROMANIA

e Cumulative
 Baia Mare — gold
¢ Borsa = Zink Progress of the spill plume

30 January

SLOVAKIA - ; UKRAINE

Miskolc
a

e Transboundary e B 3R, D N o




The challenge

- Tailings dams are increasing in number and size

- Consequences of failure, the disproportionate impact on indigenous and poor
communities.

- These risks present a challenge for this generation, now. And if not addressed,
will be a debt we leave to future generations.

- Opportunities to reduce risk and improve safety.

- Industry and regulators have been aware of the challenge of safe tailings storage
for many years. New process, management strategies, industry guidelines and a
commitment to safety resulted in a reduction of catastrophic failures.

- We need to build on these successes.



Regulating for risk - implementing positive change

Failure rate

\

Reactive Dependent Independent Interdependent

Priorit Business risk, cost Meet regulatory standards, Independent assurance, Safety and community first,
NIy reduction business risk medium-term focus long-term focus

Focused on minimum Focused on satisfying indepen-  Focused on satisfying and

Management  Hands-off standards dent external experts including stakeholders

Reduce and respond to Prevent incidents, planed and Eliminate incidents, collective

Incidents Feactlolncigonts incidents assured response stakeholder incident preparation

Very good, highly visible, interactive
and responsive systems

Very poor, obscure or

Transparency | ceat systoms

Poor systems exist Good, visible systems

Requires self-motivated

Safety individuals

Is a goal Is a personal value Is a core value

Financial

: | , :
assurance Often inadequate Conforms to local standards Independently assured Equitable and comprehensive

Reactive Proactive regulation
] '
“We really care about “We consider seriously
safety - we always respond what we don't know”

— to serious incidents”
|G R:1:D) Source: adapted from DUPONT Bradley curve 1995




Recommendations — the way forward




Actions - knowledge

Benefits

k Establish an accessible public-interest,
global database of mine sites, tailings
storage facilities and research.

» Fund research into mine tailings storage
failures and management of active,
inactive and abandoned mine sites.

» Compile and review existing regula-
tions and best practice guidance.

» Encourage innovation in the reuse
and recycling of mine tailings.

» Encourage the development of
technological solutions to eliminate
the main causes of failures.

» Establishes a basis for
improved regulation and
consistent best practice.

» Assists in educating people to
make informed decisions.

» Reduces the volume of tailings
stored and potentially creates
additional business opportunities.

» The path to zero failures (IEEIRP
2015).




Actions — failure prevention

» Expand mining regulations to include

independent monitoring and the

enforcement of financial and criminal .

sanctions for non-compliance. Benefits » Clarifies responsibility for tailings dam
k Regularly publish disaster management plans. performance.

Increase gender diversity and broaden skill sets on # Provides transparency on disaster planning.
company boards. » Improves governance and corporate
» Establish independent waste review boards to conduct social responsibility.
and publish independent technical reviews prior to, » Reduces risk of dam failure by providing
during construction or modification, and throughout independent expert oversight.
the lifespan of tailings storage facilities.
P Avoid dam construction methods known to
be high risk. :
» Ensure any project assessment or expansion » Protects the environment from
publishes all externalized costs, with an indepen- less controlled waste disposal.
dent life-of-mine sustainability cost-benefit analysis.
P Require detailed and ongoing evaluations of
potential failure modes, residual risks and perpetual
management costs of tailings storage facilities.
Enforce mandatory financial securities for life of the mine.
Ban or commit to avoid riverine disposal and avoid
submarine disposal unless justified by independent
review.

» Reduces risk of failure by eliminating less
stable methods of dam construction.

gy -
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Crisis
response

Establish a global
financial assurance

ACti O n s — system for mine-sites.

Fund a global

criSis res ponse insurance pool.

Benefits

Ensures best practice
in tailings management,
monitoring and
rehabilitation

Addresses unmet
liabilities from major
tailings dam failures.







Collective actions — zero failures

- Rethink our approach to tailings dams

- Long-term social assets and liabilities

- Integrative, interdependent approach

- Industry technical and management improvements

- Regulate for success

Recognising the reality of a cyclical global industry, co-operative, international
action 1s the key to ensuring that all tailings dams are fit for purpose and the risks
to local and downstream communities, sensitive environments and economics are
reduced and managed until we reach our target of zero failures.



	Slide Number 1
	The aim of Rapid Response Assessments 
	The Rapid Response Assessment
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Tailings Dams – size 
	Slide Number 8
	Not just waste
	�Samarco – Brazil 2015 
	Samarco – Brazil 2015
	Aznalcóllar, Spain 1998
	Stava Italy 1985
	Stava – Italy 1985�
	Cariboo��Canada 2014
	�Maramures County��Romania, 2000
	The challenge
	Slide Number 18
	Recommendations – the way forward
	Actions - knowledge
	Actions – failure prevention
	Actions – �crisis response
	Slide Number 23
	Collective actions – zero failures

