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Tailings disasters make dramatic headlines …

• Brumadihno, Brazil, January 2019
• Samarco, Brazil, November 2015
• Mt Polley, Canada, August 2014
• Kolontár, Hungary, October 2010
• Baie Mare, Romainia, 2000
• Aznacollar, Spain, 1999
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… but are the risks just associated with catastrophic failures?

Possible events include:
• Loss of integrity; no loss of material or discharge

• Potentially reduces production until dam repaired / alternative sites constructed ~3-6 months
• Over-topping during storm event

• Could erode dam wall leading to failure
• Release of chemicals into environment

• Material discharge; locally contained
• Investigation by Rostekhnadzhor could lead to cessation of operations and fines

• Material discharge which affects community
• Clean-up liabilities
• Fines

• Catastrophic failure
• Loss of life
• Imprisonment for managers
• Loss of business

All can have a significant impact on the project success and potentially on corporate reputation
• Cadia dam failure in March 2018 did not result in any external discharges but reduced share value by $1 billion 
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If there have not been any failures in Russia, does that mean all is well?

• We are aware of several major failures, though fortunately they “only” resulted in the tailings dam becoming unusable
• We are also aware of several tailings facilities which have been condemned

• Excessive water content – operating without a “beach”
• Rate of lift exceeds design norms

• International best practice has moved on:
• Russian guidelines consider Effective Stress Analysis (ESA) only.  

• International Guidelines also consider Undrained Stress Analysis (USA) be used in design, particularly for all upstream 
dams. This assesses the risk of liquefaction which could be triggered by seismic or static loading.

• International Factor of Safety is higher

Loading Condition Shear strength used for evaluation Minimum FoS
(International 
guidelines)

Minimum FoS
(Russian 
guidelines)

1 Long term drained Effective strength 1.5 1.25

2 Pseudo-static Consolidated undrained strength (Loading condition 1, 
repeated including horizontal acceleration)

1.0

3 Post-seismic / Liquefaction Post-seismic shear strength within the tailings mass 1.0-1.3
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Overview of tailings dam design & operation

• Principal options:
• Valley fill
• Ring fill
• Backfill
• Subaqueous

• Three main dam designs:
• Downstream
• Centreline
• Upstream



6

© SRK Consulting (Russia) Ltd 2020. All rights reserved.

Key requirements for upstream operations

• Maintain beach to allow coarse tailings to settle and keep phreatic surface from wall
• Ensures next lift has a firm foundation
• Cease deposition or move discharge points if heavy rain floods beach

• Ensure drains are working
• Do not increase height faster than the tailings can compact and drain

Courtesy of AngloAmerican



7

© SRK Consulting (Russia) Ltd 2020. All rights reserved.

Typical levels of control internationally

• Monitoring – piezometers, inclinometers, pressure gauges, remote sensing
• Inspections
• Annual Dam safety inspections by an external engineer of record
• Third party reviews at least every three years
• Internal governance reviews
• Independent tailings review boards - to conduct a third-party review of design, operation, surveillance and 

maintenance
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Risk assessments - if there was a failure, what could happen?

• Consider potential impact
• Several standards (ICOLD; ANCOLD)
• Ensure controls are appropriate for risk
• Consider redesigning or relocating TSF if necessary
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Why do failures happen?

• Key design issues behind disasters:
• Design overlooked weak foundation
• Water balance not verified / insufficient allowance for peak events
• Lack of emergency spillway
• Insufficient drainage installed
• Inappropriate design

• Key operational issues behind disasters:
• Beach allowed to be flooded or smaller than designed resulting in fine tailings being deposited near crest
• Rate of rise is excessive
• Drains not maintained / not identified as being inadequate
• Not reacting when phreatic surface is noted as being too high
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Why do failures still happen?

• Legacy issues
• TSF constructed many years ago when standards were less strict and techniques less detailed

• Familiarity
• Routine activity allows complacency to develop

• Production pressures
• Temporarily allow beaches to be flooded

• Lack of internal expertise / awareness
• TSF managed by processing specialists, not TSF specialists

• Budget & time constraints during design process
• Insufficient data collected / analysis done
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Systemic risk with TSF design in Russia

• Strength parameters used in some locations are not consistent with expected properties for similar materials and 
require verification. 
• SRK recommends resampling and retesting with ASTM and/or BS standards

• Stability analysis does not include all loading scenarios included in international guidelines. 
• Pseudo-static and post-seismic/liquefaction stability loading scenarios have not been analyzed

• Preference is for upstream dams
• Lower Factor of Safety permitted in Russia
• Many sites now much larger than was typical when the regulations were developed
• Lack of emergency spillway at most sites 

• Emergency spillways are used for emergency situations, not for discharging supernatant during regular operations.  
Should be capable of handling a 1-in-1000 year, 72 hour flood event

• The TSFs are not lined and therefore there is potential for seepage of tailings effluent water.
• The standard of monitoring has fallen behind current best practice – stand pipes vs vibrating-wire piezometers; no 

slope inclinometers; etc. - which reduces the depth of analysis possible.
• Monitoring is focused on collecting data for compliance; not for proactive investigation

• No independent reviews 
• Annual review typically done by designers
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Recommendations

Design stage
• Ensure design is independently reviewed by specialists familiar with international standards
• Verify material parameters to ASTM and/or BS standards
• Review risks and Factor of Safety using both ESA and USA methods
• Independent reviews

Operations
• Upgrade monitoring system and provide internal reports which focus on risk potential

• Record beach width, continuous monitoring with piezometers 
• Third party reviews at least every three years
• Internal governance reviews or Independent tailings review boards depending on risk
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Copyright and Disclaimer
Copyright (and any other applicable intellectual property rights) in this document and any accompanying data or models which are created by SRK Consulting (Russia) Limited ("SRK")
is reserved by SRK and is protected by international copyright and other laws. Copyright in any component parts of this document such as images is owned and reserved by the
copyright owner so noted within this document.

The use of this document is strictly subject to terms licensed by SRK to the named recipient or recipients of this document or persons to whom SRK has agreed that it may be
transferred to (the “Recipients”). Unless otherwise agreed by SRK, this does not grant rights to any third party. This document shall only be distributed to any third party in full as
provided by SRK and may not be reproduced or circulated in the public domain (in whole or in part) or in any edited, abridged or otherwise amended form unless expressly agreed by
SRK. Any other copyright owner’s work may not be separated from this document, used or reproduced for any other purpose other than with this document in full as licensed by SRK.
In the event that this document is disclosed or distributed to any third party, no such third party shall be entitled to place reliance upon any information, warranties or representations
which may be contained within this document and the Recipients of this document shall indemnify SRK against all and any claims, losses and costs which may be incurred by SRK
relating to such third parties.

SRK respects the general confidentiality of its potential clients’ confidential information whether formally agreed with them or not and SRK therefore expects the contents of this
document to be treated as confidential by the Recipients. The Recipients may not release the technical and pricing information contained in this document or any other documents
submitted by SRK to the Recipients, or otherwise make it or them available to any third party without the express written consent of SRK.
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