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Abstract

Every day 100’s of thousands of tonne of mine tailings are conventionally discharged
to tailing storage facilities.

The soil-water characteristic curve (herein referred to as the tailings-water
characteristic curve) is an important parameter for understanding the dewatering
behaviour of mine tailings, which has important consequences for the geotechnical and
geo-environmental performance of tailings stacks deposited at relatively high initial
densities and / or dry climate conditions. In this thesis, the tailings water characteristic
curve (TWCC) of two different kinds of tailings has been investigated: tailings from a
gold mine and mature fine tailings from an oil sands operation. The sensitivity of the
TWCC to the initial state of tailings at the start of the TWCC test is investigated. This
initial state comprises initial water content, settling time, initial loading or compaction,
use of a polymer in sample preparation, and thickness of the sample.

Experimental tests on two different kinds of mine tailings showed:

Varying the thickness of the sample between 10 and 30 mm did not affect the SWCC.
Thickness influenced only the equilibrium time.

. The use of an anionic polymer significantly decreased the air-entry value of the oil sands
tailings.

Increasing the initial water content of gold tailings results generally lower water content
and lower saturation at a given matric suction, and a consistent but relatively small
influence on the shrinkage limit.

. In the gold tailings, while the influence of constant 1-D loading up to 150 kPa. did not

substantially change the shape of the SWCC.



5. Consolidation curves at a constant level of suction, did show a significant decrease of
void ratio at lower levels of loading, compared to the consolidation curve with no matric

suction applied.
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Chapter 1:

Introduction



1-1.  Tailings and Environmental impact

Tailings are a by-product of all mining operations. Tailings include unrecoverable and
uneconomic metals, minerals, chemicals, organisms and water. The maximum particle
size of tailings is usually less than 100 microns due to mineral processing requirements,
and sometimes can have a sizable clay fraction. Tailings are conventionally discharged as
slurry and deposited in tailings storage facilities. In recent decades, due to increasing
demand, it has become economical to mine large lower-grade deposits. This has greatly
increased the amount of tailings and other kind of mine wastes. For larger projects,
tailings embankments reach several hundred meters in height and the impoundments
cover several square kilometers. The purpose of a tailings impoundment is to contain
tailings in a cost-effective manner that provides for long-term stability of the
impoundment and long-term protection of the environment. Water control in tailings is
one of the most critical components of tailings impoundment designs and operation.
Tailings dams failure are largely related to water levels and pore-water pressure buildup
in the impoundment and/or the embankment. Seepage of tailings pore-water off-site and

resulting environmental impacts are related to water control as well (EPA 1994).

1-2.  Review of tailings dams failures

Davies (2001), stated that there are around 3500 active tailings impoundment in the
world. Average major failures are 2 to 5 per year, about 0.1%, and minor failures are 35
per year, i.e. 1%. According to a review of case histories by Davies (2002), he reported
that probability of tailings dams failure is between 1 in 700 and 1 in 10,000. Following

are some examples of tailings dams failure and their consequences:



. On July 19, 1985, in Prealpi Mineraia fluorite mine at Stava, Trento, Italy, the
tailings dam failure released 200,000 m’ slurry at speed up to 90 km/h, it killed
265 people, destroyed 62 buildings and covered 435 hectares (Chandler and
Tosatti 1995).

In Los Frailes lead-zinc mine at Aznalcollar near Seville, Spain, the tailings
dam failure, on April 25, 1998, released 5.5 million m’ of acidic water and 1.3
million m® heavy metal bearing tailings into nearﬁy Rio Agrio, a tributary to Rio
Guadiamar. This slurry covered 4,600 hectares of farmland and it threatened the
Donana National Park which is a UN heritage Area (Hudson-Edwards et al.,

2003), (Figure 1-1).

Figure 1-1: Tailing dam failure in Los Frailes mine, Spain, 1998, (UNEP 2007)



3. Baia Mare tailings dam failure on January 30, 2000, north-west Romania,
released 100,000 m® of cyanide ~ rich tailings into the Some, Tisza and then into
the Danube. Around 50 to 100 tonnes of cyanide and heavy metals resulted in fish

kills and contaminated water ( UNEP 2007), (Figure 1-2).

Figure 1-2: Effect of tailings dam failure in Romania, 2000, (UNEP 2007)

1-3.  Study Objectives
The stability of tailings impoundments is dependent, among several factors, on both
density and distribution of pore-water pressure in the tailings. Fostering dewatering of the
tailings and drawdown of the phreatic surface can, therefore, improve the stability of the

tailings impoundment.



The soil-water characteristic curve (SWCC) can be used as an important tool to
understand the dewatering behaviour of tailings, particularly high density tailings, or
slurry tailings deposited sub-aerially in a dry climate, where unsaturated conditions might
prevail during deposition or shortly thereafter. There appear to be no published studies on
the influence of various parameters that may affect the SWCC. Such parameters might
include the deposition water content or density, initial compaction or consolidation of the
tailings prior to actual desaturation, the use of a polymer or other flocculant (which are
used in differeni thickening operations), or even the thickness of the sample in the SWCC
apparatus. Similarly, the effect of desiccation of freshly deposited consolidation
characteristics of subsequently loaded tailings has not been much studied (Daliri et al.
2011).

One specific use of the SWCC is in the management of deposition layer thickness
and deposition cycle time for multipoint deposition of thickened tailings (Fisseha et al.
2010) or for rate of rise in general. When the rate of rise is sufficiently slow, there is
enough time for induced pore —water pressure to be dissipated, but for faster rates of rise,
excess pore water pressure builds up, which is a threat for tailings dam safety.
Evaporation and drainage can play a role in pore-water pressure dissipation, but
depending on the characteristics of the tailings, such as the soil-water characteristic
curve, the influence of desiccation and drainage may either be important, or be limited to
a small region of the tailings impoundment.

The maximum rate of rise of tailings dam or stack is dependent on geotechnical

characteristics of tailings, dam geometry and degree of tailings saturation (ICOLD 1995).



The focus of this research is on the influence of initial state on water-retention and
consolidation behaviour of mine tailings. For this purpose, experimental tests have been
conducted on two different types of mine tailings, which are:

1. Gold mine tailings from the Bulyanhulu mine, in central-western Tanzania, East
Africa. Owned and operated by Barrick Gold (Frostiak, 2003).

2. Mature fine tailings from an oil sand operation in the Athabasca oil sands in
Northern Alberta.

The SWCC of these tailings was measured using the axis-translation technique for

different initial states and loading conditions. The varied conditions were:

- Initial water content / density
- Effect of waiting for tailings to completely settle before starting axis-translation.
- Mixing method for sample preparation (for mature fine tailings).
- Influence of polymer.
- Degree of consolidation before axis-translation test.

Additionally, the influence of desiccation on subsequent one-dimensional
consolidation was also studied.

Further, tests were also performed on an artificial silt, to examine how initial

state affected the SWCC of a more ideal material, but with a particle size distribution

as tailings.



1-4. Thesis outline

Chapter One gives a general introduction and presents the scope and
objectives of the research.

- Chapter Two include a review of tailings characteristics, describes the
different methods of tailings deposition, conventional impoundment storage, and
includes a literature review on suction and the soil-water characteristic curve
(SWCC)

- Chapter Three gives some information about the Bulyanhulu mine and the
Muskeg River mine, such as geographical location, mineralogy, mineral
processing, tailings system and materials.

- Chapter Four describes the tailings used in the thesis and the material

characteristics and experimental protocols.

Chapter Five presents results were obtained from thesis and discusses the

results.

For the rest of thesis, when applied to tailings, TWCC will be substituted for SWCC.



Chapter 2:

Literature Review

































































































































































































































































































































































































































































































































































































































































































































