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South Africa, with its world leadership in the mining sector, and well-developed industrial sector,
understandably has many tailings dams of various types. South Africas tailings dams are
among the largest in the world in terms of delivered tailings tonnages, plan size and height.
Obviously tailings disposal from the mining and industrial sectors in South Africa can have a
major impact on the environment and the safety of human life if the dam design and tailings

deposition process are not properly controlled.

In South Africa there is a growing awareness of the importance of the environment and of the
safety of the tailings dams. Catastrophes like the Merriespruit Gold Tailings dam failure in
February 1994, where 17 people died and widespread devastation and environmental damage

was caused, has sparked the renewal of research into tailings dam stability and safety.

The rate of rise of tailings dams has an influence on the safety and stability of a tailings dam. If
rate at which a tailings dam is built is too high, the dam may become unstable and be at risk of
failure. There are many factors that control the rate of rise of tailings dams that are not very well
understood. This research deals with sedimentation and desiccation of gold mine tailings.

Sedimentation and desiccation are factors that influence the rate of rise.

This research looked at how the gold mine tailings behave when sedimentation and desiccation
occur. This was achieved through laboratory experiments, which consisted of column settling
tests and drying box tests, and field tests. A model that predicts the behaviour of sedimentation

and desiccation of tailings was also analysed.



It was found that tailings sedimentation occurs very quickly. It was also found that suctions play

an important role during the desiccation of the tailings.

Key words: Gold mine tailings, sedimentation, desiccation, cracks, linear shrinkage, suction,

drying box, sedimentation and desiccation model
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1.2

CHAPTER 1
INTRODUCTION

BACKGROUND

The Merriespruit gold tailings dam failure occurred in February 1994 when 600 000 m?® of
liquid tailings rushed through the Merriespruit village causing the death of 17 people,
widespread devastation and environmental damage. This catastrophic failure sparked a
campaign of renewed investigation into the safety of impoundment structures in South

Africa.

With the stability of tailings dams being the focus of this renewed investigation, a great
amount of research has been conducted on factors that influence the stability of these
dams. One of these factors is the rate of rise of tailings dams. There are still many
unknowns surrounding the phenomenon of rate of rise. One of the factors that influence
the rate of rise is the sedimentation and desiccation of the tailings slurry. This
dissertation aims to try and understand the behaviour of tailings during sedimentation
and desiccation, as well as to research a method to predict various parameters

surrounding sedimentation and desiccation.
OBJECTIVES

The aim of this study was to investigate the sedimentation and desiccating behaviour of
gold mine tailings. A sedimentation and desiccation model from Swarbrick (1992) was
also analysed. This model predicts various parameters surrounding sedimentation and
desiccation. This study determined whether the semi-empirical model was suited to

South African gold mine tailings.

Swarbrick (1992) built a semi-empirical model that predicts various tailings properties
during sedimentation and desiccation. Their research was performed on iron ore, coal

and bauxite tailings from Australia.

The objective of this research was to determine the sedimentation and desiccation
behaviour of gold mine tailings and whether the semi-empirical model was suited to

South African gold mine tailings.
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1.3 SCOPE
The scope of the research can be summarised as follows:

The material that was tested was gold mine tailings, a product from Vaal River

Operations which is situated in the west of the Witwatersrand.

Only one gold tailings dam was chosen for field testing, i.e. Mispah Tailings Dam.

Tube samples and field measurements were taken from Mispah Tailings Dam.

Only the daywall of Mispah Tailings Dam was used for field tests and
measurements. The daywall is the part that gives the tailings dam strength and

keeps it stable.

Laboratory tests were conducted on the tailings from Mispah. These laboratory tests

consisted of column settling tests and drying box tests.

The study concentrated on the sedimentation and desiccating behaviour of gold

mine tailings.
1.4 METHODOLOGY

To investigate the sedimentation and desiccating behaviour of gold mine tailings the

following methodology was followed:

A literature review was conducted to find all relevant information pertaining to

sedimentation and desiccation of tailings as well as any related information.

Laboratory tests were setup to quantify the concepts of sedimentation and
desiccation. The laboratory tests consisted of column settling tests and drying box

tests.

These laboratory tests were conducted and various parameters were measured

during the duration of tests. The results obtained were analysed.

The sedimentation and desiccation model was setup using some of the parameters
that were obtained during the laboratory testing. The model was used to predict

certain parameters for Mispah Tailings Dam.
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Field tests were conducted to measure various parameters on Mispah Tailings Dam.
These field tests were used to compare to the model prediction and to the results of

the laboratory tests.

1.5 ORGANISATION OF THE DISSERTATION

The dissertation consists of the following chapters:

Chapter 1 serves as an introduction to the report.

Chapter 2 presents a literature review on gold tailings with focus being put on the
sedimentation and desiccation.

Chapter 3 summarises all the experimental work, which includes laboratory and field
tests as well as model determination.

Chapter 4 presents the results of the experimental work that was conducted in the
form of graphs and tables.

Chapter 5 discusses the results of the experimental program.

Chapter 6 contains the conclusions and recommendations of the study.

--000--
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CHAPTER 2
LITERATURE REVIEW

INTRODUCTION

Chapter 2, the Literature Review, serves as an introduction to tailings and the
mechanisms that controls its behavior. This chapter lays the foundation for the rest of
the chapters contained in this book. The objective of this chapter is, not only to present
a literature review of tailings, but also to create a basic understanding of tailings and its

behaviour.

The focus of the research is sedimentation and desiccation of tailings, specifically gold
mine tailings. To gain an understanding into sedimentation and desiccation, the basics
of tailings, its production and deposition as well as the characteristics and properties of

tailings have to be discussed.

Chapter 2 also looks at research conducted by Swarbrick and Fell (1992), as their work
pertains to sedimentation and desiccation. Swarbrick (1992) built a semi-empirical
model that predicts various tailings properties during sedimentation and desiccation.
The research that was conducted for this project was based on this sedimentation and

desiccation model.

The discussion in Chapter 2 begins with tailings, what it is, how it is produced, how it is
disposed, etc. and it makes its way to the focus of the research, sedimentation and

desiccation of tailings.

TAILINGS PRODUCTION AND DEPOSITION

Introduction
To gain a better understanding of tailings and its behavior, an introduction into what

tailings is, how it is produced and how it is disposed, is required.

Tailings are waste material. It is a by-product of the ore extraction process. The ore
bearing rock is finely ground to either liberate the desired mineral or allow it to be
chemically processed. Most extractive processes in mining are wet processes, and the

tailings discharged at the end of the process are therefore in slurry form.
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Since tailings are waste material, it cannot be further utilized for other purposes or
converted into another form and it has to be disposed of in some way or another.
Disposal facilities or impoundments are used for the disposal of the tailings slurry.

These impoundments are known as tailings dams (Henderson, 1998).

Tailings Production
In order to understand tailings and tailings dams more fully, some background is
necessary on how tailings are produced. This section gives a brief description of the

procedures in tailings production.

There are some fundamental steps in the processes of ore extraction, which are
common to many ores. These steps are illustrated in Figure 2-1 below and are

summarized as follows:

1) Crushing and grinding: Crushing is performed in stages with the aim of
reducing rock fragments from mine-run size to a size that can be accepted as
feed to grinding equipment. Grinding further reduces size of the rock fragments
produced by crushing (Vick, 1990).

2) Concentration: The purpose of concentration is to separate those particles with
high values (concentrate) from those with lower values (tailings). Methods for
concentration vary according to ore type, but three general classes are in use:

gravity separation, magnetic separation, and froth flotation.

3) Leaching or heating: Optional processes following or supplanting concentration

may include leaching or heating.

4) Dewatering: The final stage in the process is recovering excess water from the
tailings in preparation for pumping the tailings slurry to the disposal
impoundment. The term dewatering in a mill process context refers not to
complete drying of the tailings, but rather to the process of removing some of the
water in the tailings-water slurry following concentration. The most common

means of dewatering is by thickeners (Vick, 1990).
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Figure 2-1: Procedures in tailings production (Vick, 1990).

Tailings Transport

The tailings are collected after the dewatering process and are almost universally
transported in slurry form to the tailings impoundment. Transport of tailings slurry is
sometimes by gravity flow through open launders but more commonly through pipes,

either with or without pumping depending on relative elevations.

The tailings slurry is usually abrasive and has a high viscosity. The common measure of
slurry density is pulp density (defined as the weight of solids per unit weight of slurry),

which is most commonly in the range of 40 - 50% (Vick, 1990).

Tailings Dams

A tailings dam is a structure that stores tailings as well as the water used to transport the
tailings to the tailings dam. The outer structure of the tailings dam may be formed by
using the tailings itself, or from earth or rock fill as in the case of a water storage dam
(Williamson, 1994).

As with water-retaining dams, each tailings dam is an individual, dependent for its
detailed design on the site conditions, the type and rate of delivery of the tailings,
availability of other waste materials from the mining or industrial processes, climatic

conditions, and other factors. Despite individual details, tailings dams can be classified
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by the materials from which they are constructed (Penman, 1994). Types of tailings

dams:

Those built from borrowed earth fill or earth/rock wastes from a mining or industrial

process.
Pure tailings dams using only the tailings themselves for construction.
Those that use both the tailings and other fills.

In South Africas mining and industrial sectors it is common practice for the outer
retaining structure of the tailings dam to be formed by using a portion of the waste itself,
with the rest of the tailings being deposited behind this outer impoundment. A small

earth or rock starter wall is first placed to define the toe of the dam (Williamson, 1994).

Most tailings dams are built in two stages. Stage I, the initial starter dam, is constructed
before mining operation starts and provides the starting point for construction of the
ultimate tailings dam. The type of starter dam selected usually depends on the method
of construction to be used for the remainder of the tailings dam. Stage Il involves the
construction of the remainder of the tailings dam. This phase of construction constitutes
the major portion of tailings dam construction. Stage Il construction is a continuous
operation, which begins with the start-up of mining operations and continues until mining

operations cease, or the tailings dam is filled (Messrs et al, 1989).

Although the function of a tailings dam is to dispose of the waste solids, it also invariably
stores a portion of the water used to transport the tailings slurry to the dam. Excess
water is generally removed from the dam by means of a specially designed outlet or
decant structure and returned to the plant by pipeline for re-use. Whereas a water
storage dam is conventionally built to its final design height and water is then stored
behind the dam structure, a tailings dam is different, as it only has to store the wet
tailings solid fraction at the rate it is generated from the mining operation. The outer
retaining structure of the tailings dam is therefore raised progressively and may take ten

or twenty years or even longer to reach full height and storage capacity.

A water storage dam is most often constructed across a river valley so as to intercept
and store the water flowing in the river. A tailings dam, however, would not be

appropriate if built across a river valley as, firstly, its design and function would seldom
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enable it to retain the dammed river flow and, secondly, the tailings may have an
unacceptable contamination level and should therefore not be allowed to come into
contact with uncontaminated river or stormwater. Tailings dams are therefore most often
formed on flat ground, on a hill slope, or in the upper reaches of a valley where they fill
the valley and where stormwater flow would not be affected by the presence of the

tailings dam.

Categories of impoundment layouts can be defined that are generally compatible with
various topographic settings, i.e. flat ground, on a hill slope, or in the upper reaches of a

valley. General impoundment layout types (Vick, 1990) include:

(a) Ring dikes: They are suited to flat terrain, they require a relatively high quantity
of embankment fill in relation to the storage volume produced and they are laid out

with regular geometry.

(b) Cross-valley impoundments: These impoundments are confined by a dam
extending from one valley wall to another. They can be nearly universally applied to

almost any natural topographic depression.

(c) Sidehill impoundments: The impoundment is enclosed by embankments on
three sides; they are best suited for Sidehill slopes of less than 10% grade. On
steeper slopes, fill volumes may become excessive in relation to storage volume

achieved.

(d) Valley-bottom impoundments: They represent a compromise between cross-
valley and Sidehill layouts; they are well suited for cases where the drainage
catchment area would be too large for cross-valley layouts, but hillslope slopes are

too steep for practical application of the Sidehill option.

Figure 2-2 below depicts the various impoundment layout types listed above.
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Figure 2-2: Impoundment layout types: (a) Ring dike, (b) Cross-valley impoundment, (c)
Sidehill impoundment, and (d) Valley-bottom impoundment (Vick, 1990).

2.2.5 Construction and Operation of tailings dams

2.2.5.1 Deposition Procedures (Vick, 1990)
The deposition adopted to form the outer tailings impounding wall generally consists of

one of the following types:

Upstream Deposition
Downstream Deposition

Centerline Deposition

(a) Upstream Deposition

Upstream deposition is illustrated in Figure 2-3 below:
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Figure 2-3: Sequential raising, upstream embankment (Vick, 1990).

Figure 2-5(a): Initially a starter dike is constructed, and tailings are discharged

peripherally from its crest to form a beach.

Figure 2-5(b): The beach then becomes the foundation for a second perimeter

dike.

Figure 2-5(c) & (d): This process continues as the embankment increases in

height.

Central to the application of the upstream method is that the tailings form a

reasonably competent beach for support of the perimeter dikes.

The major advantages of the upstream method are cost and simplicity. Only minimal
volumes of mechanically placed fill are necessary for construction of the perimeter
dikes, and large embankment heights can be attained at very low cost. Factors that

constrain the application of the upstream method include phreatic surface control,

water storage capacity, and seismic liqguefaction susceptibility.
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The rate at which upstream embankments can be safely raised is limited. Raising
rates are determined by the rate of mill tailings production and topographic
configuration of the impoundment site. Rapid rates of height increase can produce
excess pore pressures within the deposit, particularly in slimes zones because of the
lower coefficient of consolidation of this material. Failures attributable to excess pore

pressures have occurred because the rates of height increase are too rapid.

(b) Downstream Deposition

Downstream deposition is illustrated in Figure 2-4 below:

ONDED WATER IMPERVIOUS ZONE STARTER DIKE
/P v INTERNAL DRAIN

[C)]

e ﬁ{\

(b)

(d)
Figure 2-4: Sequential raising, downstream embankment (Vick, 1990).

Initially tailings are discharged behind a starter dike. Subsequent raises are
constructed by placing embankment fill on the downstream slope of the previous
raise. This method is amenable to the incorporation of structural measures within
the embankment (for example, impervious cores and drains) for positive control of
the phreatic surface.

Downstream raising methods are well suited to conditions where significant storage
of water along with tailings is necessary. Because the phreatic surface can be

maintained at low levels within the embankment and because the entire body of the
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(c)

fill can be compacted, downstream raising methods are liquefaction resistant and
can be used in areas of high seismicity. Unlike upstream embankments, raising
rates are essentially unrestricted because the downstream raises are structurally

independent of the spigotted tailings deposit.

Downstream raising methods require careful advance planning. Because the toe of
the dam progresses outward as its height increases, sufficient space must be left
during layout of the starter dike to prevent encroachment of the dam toe on property

lines, roads, utilities etc.

The major disadvantage of the downstream raising method is the comparatively
large volume of embankment fill required and the corresponding high cost. The
volume of fill required for each successive downstream raise often increases

exponentially as the embankment increases in height.

Centerline Deposition

Centerline deposition is a compromise between upstream and downstream
deposition in many respects. As a result, it shares to a degree the respective
advantages of the two methods, while mitigating their disadvantages. Centerline

deposition is depicted in Figure 2-5.
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Figure 2-5: Sequential raising, centerline embankment (Vick, 1990).

Initially, a starter dike is constructed, and tailings are peripherally spigotted from the
dike crest to form the beach. Subsequent raises are constructed by placing fill onto
the beach and onto the downstream slope of the previous raise. The centerlines of
the raises are coincident as the embankment progresses upward, giving rise to the

method s name.

Because internal drainage zones can be provided within the embankment, control of
the phreatic surface is not so sensitive to the location of ponded water as it is for

upstream deposition.

Unlike downstream embankments, the centerline method cannot be used for
permanent storage of large depths of water. The water can be allowed to rise
temporarily during floods, however, without adversely affecting stability of the
structure provided that proper internal impervious and/or drainage zones are

incorporated.
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The overall raising rate is not generally restricted by considerations related to pore
pressure dissipation. Because the main body of the embankment fill can be
compacted and saturation levels controlled by internal drainage, the centerline

method has generally good seismic resistance.

The volume of fill required for a given embankment height is intermediate between

that for upstream and downstream methods, resulting in intermediate costs.

2.2.5.2 Deposition Techniques
Three primary techniques are used in South Africa for the placing of wet tailings from the
tailings slurry delivery pipeline onto the tailings dam, to form the outer impoundment and

fill the central storage area, and they are:

The paddock system The paddock deposition system has traditionally been used
in South Africas gold-mining industry and is specifically suited to gold, tin and
gypsum tailings and power-station ash; and is generally applied to flat topography.
The spigot or spraybar system Spigot systems are typically used on platinum,
vanadium, andalusite, diamond and sugar bagass tailings dam construction.

The hydrocyclone system Cyclone separation is conventionally best suited to
tailings having a wide patrticle grading, to sites with awkward topography where high
rate of rise may apply and to situations where manual labour or mechanism may not

be suitable or available.

The deposition technique that is most widely used for gold mine tailings is the Paddock
Deposition System. Since the focus of the research is gold mine tailings, the Paddock

Deposition system is discussed in more detail in the section below.

The Paddock Deposition System
In the paddock deposition system the outer impoundment is formed by filling some of
the tailings slurry into a grid of perimeter paddocks, with the remainder discharged

into the central floor area, as illustrated in Figure 2-6 below.
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Figure 2-6: Paddock deposition system (McPhail & Wagner, 1987).
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