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PROJECT PROFILE

EVALUATION OF RISK ASSOCIATED WITH ZELAZNY MOST TAILINGS POND
Construction of a tailings pond at the
Zelazny Most site in Poland began in
1974 with closing of the post-glacial
terrain dip in the Kalinówka river valley with western and eastern earthen
starter dams. Subsequently, northern
and southern dams were added to complete a 8.8-mile perimeter continuous
embankment at an elevation of 475 feet
above sea level. Copper tailings were
then spigotted inside the perimeter, depositing sand-sized particles near the
starter dam (in the beach area) and finer
-grained silt and clay-size materials
progressively further from the perimeter. When the tailings approached the
crest of the starter dam, the height of
the impoundment was raised by constructing confinement dikes over part of
the starter dam crest and the beach.
Several subsequent raisings of the crest
have increased the height to about 575
feet above sea level, or approximately
200 feet above the original ground surface in one location. KGHM Cuprum
asked D'Appolonia to develop state-ofthe art methods for assessing the risk
(likelihood and consequences of potential failure modes) associated with the
Zelazny Most tailings pond in its present condition and with possible future
raisings of the crest elevation to 590,
625 and 640 feet above sea level. The

Aerial view of Zelazny Most copper tailings impoundment in Poland.

ultimate objective is to develop a rational strategy to determine whether
such increases in elevation, possibly in
conjunction with mitigating measures,
pose acceptable levels of risk.

Phase 2: assessment of the likelihood
of occurrence and consequences of potentially significant failure modes.
Phase 3: final risk evaluation, probabilistic analyses, and recommendations.

The project included three phases:
Phase 1: identification of failure modes
that are potentially significant from a
risk perspective.

As part of a safety assessment of the
Zelazny Most tailings pond, D’Appolonia conducted a Failure Mode, Effects
and Criticality Analysis (FMECA). The
analysis was based on a workshop that
was held at the impoundment site. Participants in the workshop included several experts from D’Appolonia, KGHM
Cuprum, and KGHM consultants. The
information evaluated was the most upto-date available at the time the workshop was held.
The objective of the FMECA analysis
was to produce a risk ranking of potential failure modes, where the risk is determined from assessments of the frequency of occurrence and the potential
severity of the consequences. The latter
are measured in terms of human health
and safety as well as environmental
impacts, relying upon available information and expert opinion. Thus, the

Zelazny Most copper tailings impoundment embankment viewed from ground level.
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Event tree for the most likely type of failure of tailings impoundment. This represents only a portion of the overall project event tree.

The probability of the failure paths in the event tree leading to release of tailings is the product of event probabilities along the path.

initial objective was to identify the potential failure modes and remedial actions that should be considered in subsequent detailed and quantitative risk
analyses using probabilistic methods.
From the FMECA, a failure mode described as “Weak Foundations Leading
to Slope Instability” emerged as the
failure mode with the highest risk. The
reason that the weak foundations failure
mode is associated with the highest risk
is the combination of possible extreme
consequences to humans and the envi-

ronment and the likelihood of occurrence considering the potential for a
triggering event. The likelihood assessment was based on observed foundation
movements indicating that ongoing deformations associated with deep sliding
surfaces with relatively low factors of
safety are occurring. Accelerated deformation and failure of this type could
potentially be triggered by a large, but
credible, seismic event originating from
nearby mining activities.
To aid in evaluating the probability that
foundation deformation
and associated dam instability could lead to
catastrophic dam collapse and subsequent
release of the tailings,
failure sequence diagrams and event tree
analyses
as
shown
above were prepared
utilizing guidance developed by the U.S. Army
Corps of Engineers.

Interior view of Zelazny Most copper tailings impoundment.

A probabilistic analysis
of the magnitude of the
risk was also performed.

As part of this analysis, the following
factors were considered: (1) mininginduced seismicity based upon projected future mining activities, (2) pore
pressure development in the foundation
due to embankment construction, (3)
characteristics of foundation slickensides, (4) stability analysis of the dam
under a seismic event incorporating the
identified foundation issues, (5) strength degradation of the tailings and
foundations materials due to past movements, (6) behavior of soils based on
finite element analyses, and (7) the observation that no failure has yet occurred.
The quantitative risk analysis identified
the probability of tailings release and
loss of life for the failure modes associated with the known foundation weakness and compared these results to accepted tolerable levels referenced in
European and North American guidance. The analyses also considered the
planned expansion of the tailings dam,
potential mitigation measures such as
evacuation planning, and recommendations for continued dam monitoring and
analyses.

