TAILINGS MANAGEMENT:
AN OVERVIEW AND
TECHNOLOGY IMPLEMENTATION
OF HIGH-PRESSURE FILTRATION

ABSTRACT
THIS PAPER PRESENTS AND DISCUSSES THE BENEFITS OF USING A HIGH-PRESSURE
FILTRATION FILTER PRESS FOR TAILINGS MANAGEMENT, AFTER EXAMINING THE TYPICAL
ALTERNATIVE TECHNOLOGIES CURRENTLY BEING USED FOR SOLID/LIQUID SEPARATION
EQUIPMENT.

A brief case study on coal
processing as well as a feasibility study for a mine
operation is used to demonstrate the success
of this technology as an
attractive alternative solution to current technologies and tailings dams’
operation and Tailing Storage Facilities (TSF).
The paper proposes that
the installation and use of
specialized high-pressure
tailings management systems can result in significant process optimization
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with capital and operational cost savings. Similarly,
the paper recommends
the consideration of the
replacement of “old” technology and removal of tailings dams to be evaluated
due to its effects long term
even after mine closure.
The paper concludes with
the suggestion that this
approach will be beneficial for new and existing
process applications and
shows the flexibility of integration in new and existing
mining infrastructure re-

gardless of the sophistication and process environment implemented.
KEYWORDS:
Coal Tailings
Tailings
Filter Press
Silt Management
Dewatering
Separation
Risk Mitigation

INTRODUCTION
THE STORAGE OF MINE TAILINGS
BY MEANS OF TAILINGS DAMS POSE BOTH PHYSICAL AND GEOCHEMICAL RISKS THAT
MUST BE MANAGED THROUGHOUT THE LIFE OF THE FACILITY; FROM DESIGN AND
CONSTRUCTION, THROUGH TO THE CLOSURE OF THE MINE AND BEYOND.

Now with new rules and regulations coming into play
in the mining operation
and up keeping of tailings
dams, it has become more
of a necessity to find and
implement alternative solutions to better manage tai-

lings produced within the
resource sector. We must
take never forget the environmental concerns revolving around tailings storage
facilities and the challenges
in safely managing them.
The risk associated with tai-
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lings dams has been well
demonstrated by recent
failures resulting in significant harm to people and
the environment. These
incidents are not confined
to any continent or commodity. Tailings dam failures (Figure 1) have been recorded at sites owned and
operated by well-known
corporations, even when
well-maintained with the
highest safety and management standards set in place.

*Figure 1: Number of tailings dam failures by commodity
globally registered in the last 40 years
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This has led the industry to
consider alternative solutions for tailings, including
dewatering of tailings prior
to deposition (e.g. thickening and filtration) as well
as different dewatering technologies.
High-pressure filtration technology has been intro-

duced to what has been a
dominant belt filter market but with increasing
demand for drier filter
cake and increased overall
throughput, high-pressure
technology has taken precedence due to the ability
to overcome difficult materials such as ultrafines

and materials with the
abnormally high presence
of clay, generally found in
tailings. This paper aims to
reinforce high-pressure technology as an alternative,
reliable solution for tailings
management.

TYPICAL TAILINGS MANAGEMENT
TECHNOLOGIES CURRENTLY BEING USED
CENTRIFUGES (SOLID BOWL CENTRIFUGE)
Solid bowl centrifuges,
(Figure 2) similar to that
of a screen bowl centrifuge with the exception of a
solid bowl in place of the
perforated bowl. The process works like a laundry
washing machine, making
use of centrifugal forces at
speed, drawing the water
away from the solids. The
continuous process does
offer some relieve to its
lim-ited throughput, thus
the number of required
units should be considered in large scale dewatering streams. The feed into
the solid bowl centrifuge is
usually heavily flocculated

which adds further strain
onto the operation costs. It
is conclusive then that the
quantity of units required,
installed power per unit
and huge amounts of flocculant used drives the economic evaluation, and this
should not be overlooked.
The filtered cake produced
by the solid bowl centrifuge is inversely proportionate to its set moisture,
and further capped at a
low throughput per unit. It
is still ‘spadable’ when not
chasing throughput.
The underlying reasoning
for the overall performance of the solid bowl centri-

fuge is due to the benefit
of not having a filter media
to aid in the formation of
the filter cake but rather
relying on centrifugal force
to start the filtration process and then compression and compaction by
mechanical force to achieve set moisture within the
filter cake. This does though mean that generally
50% of the <40micron size
is lost within the filtrate.
The ‘continuous’ nature
of this process also has no
side effects to the performance.

COMPARISON WITH MATEC FILTER PRESS

Figure 2: Solid Bowl Centrifuge
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•

Centrifuges - 4 times as much flocculant as Matec filter presses

•

8 times more time needed for maintenance
then a filter press

•

Double cost for the spare parts

•

Filter press moisture ~20-25%, centrifuge decanter is around ~35-40%.

BELT FILTERS

BELT FILTERS, ARE OFTEN SELECTED DUE TO THE RELATIVELY LOW CAPITAL COST AND SOME-TIME SMALL FOOTPRINT, BUT THIS IS NOT TO SAY THAT THE OPERATIONAL COST IS ALSO LOW.

They rely on high doses
of flocculant as the slurry is dewatered between
two moving belts in tension, running under and
over several rollers in an
‘S’ like pattern. An economic eval-uation should
not ignore the significant
operating costs. The wear
of the belts could be rapid,

causing significant downtime in what should be a
continuous operation. There-fore, not only should the
cost of the belts be taken
into consideration but also
the time and manpower
taken to replace them. It is
important to acknowledge that the belts are wear
components and have a

life span which could be as
short as a few weeks based
on the granulometry and
type of the material.
At best, the filtered cake
produced by the belt filter is ‘spadable’ and may
not be suita-ble for dry
stacking without further
processing.

eliminates the build-up
of ultrafine particles that
have become lodged within the pores of the filter
media. This results in a refreshing of the filter media
and optimization of the
dewatering process.

Although it does not
re-solve the underlying
issue, that is the requirement for unchanged feed
material parameters that
could render the change
in process inadequate.

Figure 3: Belt filter presses

Although the belt filter is
a continuous operation, it
can further be described
as a ‘continuous’ changed
process. This means that
there is a change in flow
direction at high velocity
across the filter media that

COMPARISON WITH MATEC FILTER PRESS
• A belt press uses 4 times as much flocculant as
Matec system.
• Belt presses require frequent maintenance.
• The components of a belt press are more
expensive.
• The belt press has an average output
with 35-40% residual moisture.
• High cost and wasting time
• A belt press needs an operator to be dedicated
to the machine.
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VACUUM FILTERS (HYPERBARIC FILTER)
Hyperbaric filters, (Figure 5) are a development
of vacuum disc and vacuum drum filters. In this
case, the filter is housed in
a pressure vessel so that
a higher pressure drop
over the filter medium
and eventually, filter cake,
is possible. Theoretically, the continuous nature
of hyperbaric filters could
be considered an advantage, but their complexity equates to high capital
costs and expensive maintenance. The relatively low
pressure achievable with
the hyperbaric filter and
its limited process flexibility in comparison to the
modern filter press means
that it has a narrow band
of economic applications.
The hyperbaric filters are,
in most cases prone to
problematic dewatering in
presence of ultrafine material typically found in tailings. At best, the filter cake
produced by the hyperbaric filter is ‘spadable’ and
may not be suitable for dry
stacking without further
processing.
The underlying reasoning
for the overall performance of the hyperbaric filters
is due to what can simply
be put as a ‘continuous’
unchanged process. This
means that like the belt
filter, previously described and the continuous
process that the hyperbaric filters offer, there is
no change in flow rate or
6

pressure across the filter
media, this simply allows
ultra-fine material to become lodged or trapped
within the pores of the
filter media commonly
known as blinding, which
results in a decreased flow
through the cloth and a
low compaction of solids
in the now blinded areas of the filter media that

creates wet spots or filter
cake high in moisture. The
resulting throughput is
drastically reduced rendering the hyperbaric filter
the non-ideal technology
for tailings.

Figure 5: Hyperbaric filters

COMPARISON WITH MATEC FILTER PRESS
•

The running costs of one vacuum filter double
the costs of a filter press, because of the ceramic
discs.

•

Vacuum filters require continuous maintenance.
Costs are 50% more than filter press’.

•

Vacuum filters need high quantity of fresh water for the disc washing process.

•

Vacuum filters’ output consists of cakes whose residual moisture is 2-3% higher than filter
press’.

•

Vacuum filters can process only low quantity of
material per unit. It means you will need several
machines to process large amount of slurry.

FILTER PRESSES (LOW-PRESSURE FILTRATION)
Filter presses (ref. Figure 6) Figure 7: MATEC High-Pressure Technology
(HPT) filter pressare nowadays generally well accepted. In a plate and frame
press the slurry is filtered with the aid of a filter
media using an external
pressure generated by the
feed pump. This pressure
is what drives the moistu-

re from the formed filter
cake. They have a higher
performance compared to
alternative technologies in
terms of throughput and
generally accepted for applications with fines. Medium-low capital and operational cost and higher
water recovery. Delivering
a stackable product are
some of the key characte-

ristics.
When we look at the underlying reasoning for the
overall performance of the
filter press, we see that we
now benefit from it being
a ‘batch’ changed process.
The benefit being the high
flow and velocity of the filtrate through the filter
medium at the start of the
process that rejuvenates
the filter medium from
any blinding that has occurred, this allows the filter
press to operate optimally
during every cycle, throughout the life of equipment.
However, when compared
with high pressure filter
press market, they could
be con-sidered complex
due to the implementation of a membrane squeeze feature to improve performances and as a result
of this additional feature,
the requirement to construct large filtration plants to accommodate the
additional pumps, tanks,
piping and automa-tion
required to support this feature is required.

Figure 6: Filter press low pressure filtration
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FILTER PRESS
HIGH-PRESSURE FILTRATION ABOVE 16 BAR AND 21 BAR FEED

High pressure filter presses, (Figure 7) are used
in several tailings management operations. The
implementation of high-pressure
technology
for tailings management
processes was a huge turning point in the market.
Suitable for applications
with a high presence of ultrafines and possible presence of clay that would
commonly be associated
with coal tailings. The high-pressure
technology
presents a lower capital cost and operational
cost when comparing to
low-pressure filter presses
that make use of membrane squeeze features, delivering the highest water
recovery ratio, due to the
simpler less required installed equipment.
Tailings dewatering applications require very large
throughputs and with the
use of high-pressure technology the size of the filter
press can be optimized
making the high-pressure filter press economical
for large-scale filtration
applications. In theory the
higher the feed pressure,
without sacrificing volumetric flow rate, the higher the volumetric throughput of dry stackable
material to safely store tailings and reduce the risks,
particularly over the longterm.
Filtered tailings facilities
8

involve delivery, by truck
or conveyor, of tailings that
have been dewatered such
that it is partially saturated
and acts like a solid rather
than a fluid. Filtered tailings are typically dewatered to more than 85% dry
solids content and often
close to the optimum
moisture content (i.e. the
moisture content at which the maximum density
can be achieved through
compaction). The cake discharges from the filter
press are highly stable and
stackable.

Typically, compact filtered
tailings are used for backfill the mining industry,
but recent studies and
project completed in some
applications (e.g. coal and
iron ore concentrate) led
to the blending of filtered
tailings into the product
and reclaiming as such
product that would have
been lost downstream the
process. It is through high-pressure
technology
that tailings can be dewatered to a consistent acceptable moisture content
that allows for such blen-

Figure 7: MATEC High-Pressure Technology (HPT) filter press

ding into product streams,
be it stockpile blending or
straight onto product conveyor.
A dewatering plant using
filter presses is compact,
it has a relatively small footprint in the range of 0.8-

1.2 tonnes / m2 depending
on arrangement and is
easily installed in different
terrains. Furthermore high-pressure
technology
complements the compact plant with low installed and consumed power.

The water recovery is extremely high producing
numbers averaged at ninety two percent water recovery in some cases, due
to the lower total moistures achieved with HPT.

HPT HIGH PRESSURE TECHNOLOGY
THE SECRET OF OUR SUCCESS
Matec filter presses have
been created for the aggregates sector where
HPT is essential for obtaining excellent results with
difficult muds.
While our competitors
come from sectors such
as olive oil, marble, and
chemicals. HPT is more
expensive, it needs MORE
QUALITY and better components:

• BIGGER PISTON BORE
• BIGGER OLEODYNAMIC
POWER UNIT
• MORE IRON FOR THE
FRAME STRUCTURE
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TESTING THE FILTER PRESS
(HIGH-PRESSURE FILTRATION) ON TAILINGS
COAL TAILINGS CASE STUDY, MINE IN SOUTH AFRICA

In 2016 three hyperbaric
filters were installed at a
coal mine in South Africa.
The filters, during operation, started underperfor-

ming due to the amount
of ultra-fines present in
the feed stream (ref. Graph
1 and Graph 2). The resulting stream would ultima-

tely blind the filter media
in the hyperbaric filters.
Table 1 shows the design
data and the actual process data achieved by the
hyperbaric filters.

Statistics on % passing 53 µm
Mean 72.03
Median 72.03
Std dev 1.68
Range 5.36
Minimum 69.15
Maximum 74.51
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Graph 1: Coal Tailings, Mine in South Africa Hyperbaric Filter Plant Feed PSD
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Graph 2: Coal Tailings, Mine in South Africa Hyperbaric Filter Plant Feed Ash Percentage
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An extensive test campaign was undertaken using
Matec technology to assess the validity and benefit of using high pressure filtration to process
the ultra-fine coal tailings
stream. Several different
parameters were used for
the plate and frame filters,

varying the Pressure, % Solids, and PSD of the slurry
feed. The results of this test
work facili-tated selection
for the size of filters.
Graph 3 shows that the
higher the feed pressure,
the lower the cycle time to
achieve target moisture.

This is achieved by specialized Matec feed pumps
capable of achiev-ing 16
and 21 bar feeding pressure into filter press, along
with the specialized filter
presses, able to withstand
the increased feeding
pressure.

Design Actual
Solids (t/h):

100.00 30.00

Water (t/h):

203.03 46.92

Total Mass (t/h):

303.03 76.92

% Water (% w/w):

Only 30% of required tonnage.

67.00 61.00

Total Volume Slurry (m³/hr):

257.08 63.14

Solids Density (t/m³):

1.85 1.85

Solution SG (t/m³):

1.18 1.22

Residual Moisture (% w/w):

25 35

Max. Solids Tons (t/h):

130 30.00

Max. Slurry Volume (m³/hr):

334.21 63.14

Only 23% of maximum tonnage.

The affect on cycle time when changing Filter Press feed pressure
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Graph 3: Feed Pressure Vs Cycle Time

It was then determined
that by reducing the cycle
time, it would have the
dual benefit of reducing
the size of equipment required to achieve a target
throughput and as such
reducing both the capital
cost for the equipment as
well as the footprint and
overall operational cost

compared to competitors
lower feed pressure technologies.
The slurry solids content
plays a huge role in optimizing the filter press equipment. As can be seen in
tailings (ref. Graph 4), the
cycle time is reduced from
20 minutes to 9 minutes
on average by increasing

the slurry solids content
from 28% to 46% by weight, the optimum solids
content. Thereafter the
increase in solids has no
further effect on the cycle
time, thus further energy
should not be exhausted
on requiring a higher slurry solids content that exceeds, in this case, 46%.
11

The affect on cycle time when changing filter press feed % solids
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Graph 4: % Solids Vs Cycle Time

Results have also shown how particle size distribution (PSD) affects cycle time. Graph
5 is a simple point graph showing an increase in fine material results in an increased
cycle time. In this case, the exact results are specific to each application.

The affect on cycle time when changing Filter Press feed PSD
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Graph 5: PSD Vs Cycle Time

Ultimately HPT filter presses are providing better
result especially in Tailings applica-tions where a
high amount of ultra-fines
is present and equally a

high amount of clays. During testing, a further key
test was performed to demonstrates the effects of
pres-sure by filtering the
same tailings material, at

a fixed cycle time and only
increasing the feed pressure. The resulting exercise
shows a decrease in residual moisture.
(ref. Graph 6)

The affect on moisture when changing Filter Press feed pressure
with a set cycle time of 10 minutes

% Total Moisture (w/w)
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Graph 6: Pressure Vs Moisture
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Based on the above completed test work campaign
and selected feed from the
client depicted in Graph
1 and Graph 2, the Matec
HPT filtration equipment
•
•
•
•

Closing time (Fixed):
Filling time:
Filtering time:
No Filtrate (Parameter):

was selected to replace the
hyperbaric filters.
With a required design
feed density of 1.18 t/m³
and average PSD of 72.03%
passing 53 micron, 3 x Ter•
•
•
•

1 min. 44 sec.
3 min. 20 sec.
9 min. 5 sec.
10 sec.

rae 1500/150 plates were
sized with the following
cycle time calcu-lated based on above accumulative results:

Degassing (Parameter):
Opening TT2 (Fixed):
Total cycle time:
Equating to

10 sec.
4 min. 59 sec.
19 min. 28 sec.
3.08 cycle/hr

Dewatering Filtration Rate - 104.928 kg/m²/hr (Exclusive of fixed mechanical times)
Total Filtration Rate - 66.91 kg/m²/hr (Inclusive of fixed mechanical times)

Design

Actual

% Solids

32

33

34

36

38

39

40

42

44

45

Relative Density
(Feed)

1.17

1.18

1.19

1.20

1.21

1.22

1.23

1.24

1.25

1.26

20.00

19.28

18.27

15.53

14.11

14.00

11.36

11

11.15

11.13

3

3.08

3.25

3.77

4.23

4.29

5.17

5.45

5.33

5.35

Single Filter Press
Throughput/hr
(tonne)
at 25% TM w/w

32.54

33.41

35.26

40.90

45.89

46.54

56.09

59.12

57.82

58.04

Plant Throughput/
hr (tonne) 3 x Filter Presses at 25%
TM w/w

97.62

100.23

105.78

122.70

137.67

139.62

168.27

177.36

173.46

174.12

Cycle Time
(min. /sec.)
Cycles/hr

Table 1: Selected process data for the Matec Filters based on TEST WORK results

Table 3 and Table 4 below show respectively the filter press process data with actual
production achieved and the operational cost compared to the existing hyperbaric filter plant which has been replaced by Matec filtration plant (ref. Figure 8 and Figure 9)
Design Actual
Solids (t/h):

100.00 30.00

Water (t/h):

203.03 46.92

Total Mass (t/h):

303.03 76.92

% Water (% w/w):
Total Volume Slurry (m³/hr):

67.00 61.00
257.08 63.14

Solids Density (t/m³):

1.85 1.85

Solution SG (t/m³):

1.18 1.22

Residual Moisture (% w/w):
Max. Solids Tons (t/h):
Max. Slurry Volume (m³/hr):

35% more than Design

25 35
130 30.00

4% more than Max

334.21 63.14

Table 3: Matec filters process data
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Plant design

MATEC
High Pressure Filter Press

Technology

Hyperbaric Filter

Comparison

875

Inatalled Power (kw)

2174

35mm x 15 m

Plant Foot Print
(Length x Width)

35 m x 40 m

6300 m3 (12m Heigh)

Plant Volume
(Length x Width x Hight)

32200 m³ (23m Heigh)

2000 lt
Receiver with 234 m³/hr
Compressor

Compresses
Air Re-quirements

30000 lt
Receiver with 1612 m³/hr
Compressor

$AUD 1.44 per ton treated

Operational Cost
(Converted to $AUD from
original currency of ZAR)

$AUD 4.31 per ton treated

Table 4: Opex cost comparison Filter presses Vs Hyperbaric Filters

Figure 8: Left Picture: Installed filter press 1 and 2 Right Picture: Installed filter press 2 and 3
in Coal Tailings on a mine in South Africa

Figure 9: Coal Tailing, Filter Press cakes discharged from conveyor line
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Figure 10: Coal Tailing, Filter Press cake,
straight out of the Filter Press
(20.38% Total Moisture w/w)

Tailings dam vs. Filtered tailings / Quantitative Comparison Study
This section of the paper
proposes a comparison
study on typical tailing
storage facility application versus a dry stacking
filtration plant approach.
The project under examina-tion has a current ore
throughput of 2 million
tonnes per annum (Mt/a)
with the Mine currently assessing the option to increase throughput to 5 Mt/a.
The raw water demand for
the project would increase
the volume of slurry feed
from 4 822 m³/d to 8 410
m³/d under the proposed
upgrade. Studies were re-

quired to best optimize
water usage and possible
reclaiming at the most
economical rate over a period of 18 years.
The tailing strategy foresees the construction of 3
storage cells to handle the
tailings for the Life Of Mine
(LOM) to a size 3 km² (ref
Figure 7, left side). In the
comparison exercise of this
standard approach versus
a modern dry stacking filtration plant, in the main
consideration of this study
is when compared against
the extent of earthmoving
and the high-level capi-

tal cost to start such tailings dam, and to expand
the cells by increasing the
height of the tailings dam
wall, versus the high-level
operational cost involved
in moving tailings material
that has been filtered for
dry stacking.
The below tables 5 and 6,
represent cost groups generally associated with infrastruc-ture required for
different tailing strategies
and they show how in a
filtered option, fewer important capital investment
are not required (2)

Tailings Type
Major Cost Items
Based on: Starting Parameter Feed
to plants – Solids loading

Tailings

Capital

Other capital

Conventional
Slurry

Thickened Tail
ings

Filtered Tailings

30% w/w

30% w/w

30% w/w

High-rate
thickener

High
compression
thickener

Centrifugal
pumps

Positive
displacement
pumps

Tailings pipeline

Tailings pipeline

Piping for spigot
tees and droppers

Spigot offtakes

Site preparation

Site preparation

Site preparation

Starter
embankment

Embankment

-

Underdrainage
and decant
sys-tems

Ponds for water
management

Ponds/tanks
for water
management

Make-up and
re-turn water
pumps and
pipeline

Make-up and
re-turn water
pumps and
pipeline

Filtration plant

-
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Tailings Type
Major Cost Items

Conventional
Slurry

Based on: Ending Parameter Final
resulting – Solids loading

Other operating

Filtered Tailings

60-70% w/w

< 75% w/w

Pumping energy

Filtration energy

Pump spares

Filtration plant’s
spare and wear-ing parts

Thickener operation (energy)

-

Flocculant

-

Increase TSF capacity (wall raises)

Transportation
placement, and
compaction

Pumping energy of make-up and
return water

Pumping
energy of
make-up and
return water

Levy payable to the MRF

Levy payable to
the MRF

Tailings
processing

Operating

Thickened Tail
ings

Table 6: Operating cost comparison between three tailings disposable means

With the focus on the highlighted items for the
construction, expansions
and operation of dam required during the LOM,
table 7 shows the calcu-

lated earthmoving require-ment in both scenario of the standard 3
cells presented approach
volume versus a filtered
tailings which shows sa-

vings of earthmoving of
58.9% over 18 years of LOM,
which would be strongly
reflected in capital and
operation costs.

Rendered model of the tailings dam wall

Typical model of a filtered tailing (filter
press) plant

Tailings Dam

Filtered Tailings

Volume of Earth Moved over the 18 years of
LOM

Volume of Tailings moved over 18 years of
LOM

46 000 000 m³

18 900 000 m³

Table 7: Volume of earth/tailings moved over 18 years

Furthermore, the area required for both scenarios
has to be considered over
the 18 years of LOM and
is recorded with a tailings
dam using 1.94 km² and
the filtered “dry” tailings
16

stockpile using on just 16%
of that nominated area at
0.31 km² assuming the height of the tailings stockpile is the same as that of the
tailings dam wall.
There is certainly more to

be add on a comparative
cost exercise but few of
benefits of filtered tailings
approach are already presented in this study.

CONCLUSION
High-pressure
technology filter press, through
numerous tests and case
studies,
pre-dominantly
in coal tailings has concluded on the bases that it is
a technology that should
be considered in coal tailings management.
Compared to alternative
solutions, the High-pressure technology presen-

ted, concludes that there
is advantages of increased
production rate per unit
footprint, and lower total
moisture content in the filter cake. Considering that
Australian labour (operational costs) is a high figure that should not be
ignored, it is safe to say
that there is a cost saving
on materials handling alo-

ne when looking at filtered
tailings plant versus a tailings dam, this percentage
of saving would ultimately
outweigh the initial higher
capital investment on a filtered tailings plant.
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The coexistence between
industry and nature.

