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Panel discussion: Design of tailings dams — Static conditions

Débat de spécialistes: Dimensionnement des barrages auto-montants de stériles miniers —
Conditions statiques

Luiz Guilherme de Mello — University of Sao Paulo, Vecttor Projetos, Brazil

ABSTRACT: Design of tailings dams for static conditions require an integrated approach to optimize usage of the material generated by
grinding and deposited as slurries as construction material of safe dams. Special attention is called to the design of the outer solpes,
including its consolidation during deposition, as well as to the water balance of the operation, the need to prevent surface erosion, and to

plan rehabilitation of the area.

RESUME: La concéption des barrages de rejects en conditions statiques demande une approache intégrée pour qu’on puisse optimizer
'usage des materiaux génerés par trituration et deposés comme des vases et comme des materiaux de construction pour les barrages de
sécurité. On regarde spécialment la concéption des pentes extérieurs, leur consolidation pendant la déposition, les bilans hidraulique de
’operation, la nécessité de prendre des mesures préventives contre 1’érosion de surface des talus et I’assainissement de la région.

1 INTRODUCTION

Highlights of the Report on the Design of Tailings Dams for
Static Conditions to be published by ISSMFE’s TC7 are
presented, pointing to the essential elements of an integrated
design. This includes hydrological, geotechnical, environmental
and operational topics of the dam itself and its associated works.
The importance of an environmental impact study in analyzing
alternative sites as well as the abandonment and reclamation of
the disposal area shall be recognized as a fundamental input m
the postulation of tailings disposal systems.

Tailings consist of the barren residues of mineral ores left
after the commercially sought minerals are removed by milling,
washing and other procedures. Different ores require distinct
extraction procedures, and their tailings include a wide range of
grainsize distribution and plasticity, from non plastic sands or
silts, as in the case of gold tailings, to plastic clays as in the
phosphate industry.

Virtually all extraction procedures involve wet processes, and
therefore their tailings are transported and deposited as slurries.
Hydraulic fill structures are conceived to use these tailings as the
major construction material.

Two fundamental differences exist between tailings dams and
water retaining structures, and need to be taken into account in
their design:

1. Tailings dams are built to retain solids and the method of
operation of the system should be integrated with its design in
order to maximize the rate of increase of the tailings density
during deposition, and, therefore, the impoundment volume;

2. Tailings dams are under construction throughout their
active lives, its design being subject to change as a result of the
ore and metallurgical processes, advances in geotechnology or
changes in operational technology.

It is also important to mention that there is a major difference
between a hydraulic fill dam using natural sandy borrow pits
from a tailings dam, in relation to their construction material:
mechanical grinding together with little abrasion during
deposition produces tailings with very homogeneous grainsize,
and in very angular particles, giving them the possibility of a
better interlocking and, therefore, shear strength.

2 METHODS OF TAILINGS DISPOSAL
Separation by cycloning, spigoting and paddocking can be used

to construct the outer walls of a tailings dam. Bulldozers are
usually used to shape the outer slope, and in some case to
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compact it as well.

Both methods of cycloning or spigoted deposition form a
tailings beach in the process. The profile of these beaches is
characteristic of a particular ore through its extraction process
and solids content of a slurry. Data gathered show that all
beaches of the same ore, discharged at similar solids contents
adopt the same non-dimensional profile, regardless of the
distance and difference in elevation between the pomt of
deposition and the edge of the pond, as shown m Fig. 1 for
platinum.

3 DESIGN OF THE OUTER SLOPES

The design of the outer downstream slopes of a tailings dam
involves topics of major responsibility and which are directly
related to the short and long term stability of the impoundment
itself. Design features built into the outer slopes, as
underdrainage or underlining systems, play important role in
these stabilities, which should be verified at several stages of its
development as well as at its full height. An important discussion
refers to the long term reliability of underdrainage systems (de
Mello, 1995).

The geomechanical characteristics of the deposited tailings
which are the construction material for the impoundment itself,
and the sensitivity of these characteristics with relation to the
changes in ore composition and processing methods, as well as
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to the methods of deposition and operation of the system, play
an important role in the stability of the slopes. The major
stability concern in an upstream dam is the fact that the outer
slope is raised over a portion of the fine tailings (slimes).

In the case of coarse, non-plastic tailings with “sandy”
behavior, in a well operated impoundment the tailings should be
completely consolidated, possibly even overconsolidated by
sundrying, and dense, and the phreatic surface should be low. If
the tailings are fine plastic materials, and the rate of deposition is
high, significant pore pressures may be present in the tailings,
and shall be accounted in any engineering analysis of the outer
slope. The accurate estimate of the pore pressures during
deposition and quiescence consolidation may require the use of
large strain consolidation theory.

In carrying out the stability analysis of the outer slope the
likely pore pressure generation characteristics of the tailings
when sheared must be established. If the material is interpreted
to be overconsolidated and dense it will be dilatant; if design
conditions will be such that the tailings will be normally or
slightly overconsolidated, the material will probably be
contractant.

If the deposited tailings are expected to be contractant, and
therefore to generate positive pore pressures when sheared in an
undrained condition (or experience volume contraction during
drained shear), it is imperative that the stability analysis be based
on the consolidated undrained shear strength parameters of the
tailings (Ladd, 1991; Carrier, 1991;), including, when
appropriate, the pore pressures estimated by large strain
consolidation theory (TC7 Report). On the other hand, if the
deposited tailings are expected to be dilatant and to generate
negative pore pressures when sheared, the stability analysis
should be based on their consolidated drained shear strength
parameters.

Important contributions have been offered by Scott &
Cymerman (1984) and Carrier (1991) to predict whether a given
tailngs material will behave as drained (“sandy”) or undrained
(“clayey”) based on its gramsize data, different water contents
and void ratios, as plotted on a ternary diagram These diagrams
are an useful planning tool to access the viability of alternate
disposal systems (Morgenstern, 1985).

4 WATER BALANCE OF A TAILINGS DAM

Considering that most mining operations prefer or have to use
its water in an integrated closed system, developing a water
balance for each sub-catchment area of a dam is necessary to
assess whether and how much makeup water will be necessary,
or wastewater to spill.

Other than monthly or weekly meteorological data, a good
assessment of the water released by the consolidation of the
tailings is necessary, and tools like the large strain consolidation
theory allow better predictions.

Graphical relationships (stage curves) between the area of
impoundment, volume of tailings impounded, maximum height
of impoundment, rate of rise of outer slope and time are useful
tools in planning the layout of the system. Fig. 2 presents an
example of a set of stage curves.

Fig. 2
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5 EROSION CONTROL OF OUTER SLOPES

Considering that tailings in many cases are cohesionless and fine-
grained, they may be highly erodible both by rainwater and wind.
This erosion becomes specially relevant when it transports
pollutants and/or affects nearby population. Losses of 500
tons/acre of exposed area per year have been reported, requiring
significant upkeep and posing erosion as an environmental
problem.

Grassing the outer slopes with local specimens is routine in
most countries; Blight et al (1996) present data of an interesting
research of the rate of erosion and of alternative treatments of
the exposed slopes. It has been shown that, for the particular
area studied, grassing reduces wind erosion, but has a smaller
effect on water erosion; it also showed that the dispersion of
tailings by erosion does not generate the escape of pollutants
from the decommissioned sulphidic tailings impoundments.
Surficial limonitization and oxidation of tailings form a
protection layer that greatly reduces the pollutant transport. TC
7 Report presents in graphic form the effects of slope angle and
length on the rate of erosion on slopes.

6 DESIGN AS AN ONGOING PROCESS

Tailings disposal complexes often have to be designed before the
first tailings have been produced, or else when only samples
from a pilot plant are available. Representativeness of these
samples, as well as optimizations of the extraction process,
homogeneity of the ore and changes in operational procedures
add uncertainty.

Hence it has to be understood that a final design does not
exist, and that it has to be continuously examined and confirmed
in periodic reviews. These reviews should confirm that:

1. The proposed method of deposition and operation are
feasible and being followed;

2. The beach angles achieved are those foreseen;

3. Only a small pool is being maintained and that it is
correctly located around the penstock inlet;

4. The water balance is correct as predicted;

5. The actual stage curves are in agreement with predictions;

6. The properties of the deposited tailings, the position of the
phreatic surface and the piezometric levels are as planned;

7. The outer slopes of the dam are being constructed to the
correct angles.

The effect of any deviation from the predicted conditions
must be assessed in due time and the design, if necessary,
modified accordingly.
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