
Presentation to Virginia High School Students 
March 2019

Tailings Liquefaction – What 
Owners/Operators Need to Know
Kurt J. Schimpke, PE
Iván A. Contreras, PE, PhD, DGE

Barr Engineering Co.
Minneapolis, MN



outline

• what is liquefaction?
• why is it important?
• but we’re in a low-seismicity region?
• how is liquefaction assessed?
• how can we reduce risk?



what is liquefaction?

“liquefaction is one of the most important, interesting, complex, and 
controversial topics” in geotechnical engineering.
-Steven L. Kraemer 

2011 Christchurch earthquake (photo from: http://www.pxl.co.nz/2011/03/christchurch-earthquake-22nd-feb-2011/)



what is liquefaction?

• material temporarily assumes consistency of thick liquid
• can affect sizable portion of tailings mass
• can be triggered by seismic or static events

1994 Merriespruit Tailings Dam Failure (photo from: tailings.info)



what is liquefaction?

sudden drop in shear strength from the yield (peak) undrained 
strength to the substantially lower steady-state undrained shear 
strength under undrained conditions. 
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what is liquefaction?
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why is liquefaction important?

Upstream Construction Method

Centerline Construction Method

Downstream Construction Method



why is liquefaction important?

tailings are generally…
• young (on geologic timescale)
• saturated
• low plasticity (brittle)
• high void ratio (loose)
…making them susceptible to liquefaction.



but we’re in a low seismicity region?

Static
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but we’re in a low-seismicity region?

After Martin and McRoberts (1999)

static triggers

dynamic triggers



how is liquefaction assessed?

is material susceptible to 
liquefaction?

will liquefaction be 
triggered?

what is the factor of safety 
if liquefaction is triggered?

After Olson and Stark (2003)



how is liquefaction assessed?

is material susceptible to 
liquefaction?

will liquefaction be 
triggered?

what is the factor of safety 
if liquefaction is triggered?

Image Credit: Gabbet and Mudd (2006)
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how can we reduce risk?

analysis and design
• properly characterize tailings
• analyze drained, undrained, and liquefied conditions
• incorporate conservatism when analyzing undrained conditions
• assume tailings will fully liquefy



how can we reduce risk?

construction and operations
• dewater tailings
• utilize relatively flat downstream slope
• limit rate of rise
• densify impoundment dam
• reduce amount of impounded water
• maintain appropriate beach lengths
• keep phreatic surface low within dam



how can we reduce risk?

instrumentation monitoring and surveillance
• monitor and limit excess pore-water pressures
• regularly inspect dams for signs of distress
• recognize that instrumentation monitoring and site surveillance 

may not warn of brittle failure



thank you
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