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ABSTRACT
The development of alluvial mining, processing systems and assocliated gravity separation

technology over the last 30 years is largely linked to the mineral
been focussed on Australia in these areas of mineral resource
advancement. )

sands industry. Attention has
development and technological

The historical development of the technology associated with the mineral sands industry is
traced. The effects of the constraints associated with the economic forces related to lower ore
grades, energy and other operating costs, and environmental matters are examined - specifically in
terms of the development of cost-effective operating and process systems and metallurgically
efficient hardware. These developments are discussed and illustrated by way of the changes that
have been instigated at Westralian Sands Ltd's operations in Western Australia over the past

25 years.
HISTORICAL BACKGROUND

THE FIRST MINERAL SANDS OPERATIONS — GOLD

Mineral sand mining operations on the
east coast of Australia commenced as early as
the 1870's in the pursuit of gold, with some
interest in accessory tin and platinum
minerals. The first operations were located
near Ballina on the N.S.W. coast with further
minor deposits found between Port Macquarie
and the Tweed River. The operations
essentially involved hand mining and washing
of the black sand across riffle tables and
amalgam plates. By 1890 most of the beach
deposits rich in pold had been worked out and
although attention was then focussed on some
inland deposits, by 1900 the interest in
recovering gold from mineral sands was fast
fading.

Although at the end of the 19th century
Australia's east coast black sands were only
mined for their minor gold, tin and platinum
content, by 1920 the major constituent heavy
minerals in the black sands; ilmenite, rutile
and zircon, were receilving attention for their
economic potential. Zircon was already being
used as a refractory 1lining material for
furnaces, while titanium alloys were being
made in the U.S.A,
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IIMENITE, ZIRCON & RUTILE - THE BEGINNING

The early operations for the recovery of
ilmenite, zircon and rutile commenced in 1935
at Byron Bay (Zircon-Rutile Ltd), New Brighton
(Metal Recoveries Ltd), and Yamba (Titanium
Alloy Manufacturing Co (TAMCO)). Mining in
all cases involved hand shovelling. The Byron
Bay operation of Zircon-Rutile Ltd was the
only one involving beneficiation. Here the
mineral sand was treated initially by passing
it over cradles, amalgam plates and sluice
boxes to recover the gold and tin and remove
the silica to produce a black sand concentrate
which was later treated by a hot soap
flotation process to produce a clean =zircon
product, and somewhat larger quantities of a
rutile~ilmenite mixture which was sold for
electrode coatings.

The operations of Metals Recoveries Ltd

and TAMCO involved simply the removal of
enriched skimmings from the beach, hand dug
directly or after horse-drawn scoops had

removed the top layer of white silica sand.
Subsequent treatment was confined to drying

either on wood-fired hot plates or simply
airdrying; there being no concentration
process. The dried mineral was bagged and
shipped.

CONCENTRATED EFFGRT

The Australian mineral sands industry
received a significant Dboost after the
outbreak of World War II due to the
‘requirement for rutile for welding red flux
needed in the armament programme for the
production of all-welded steel ships. The

The AusiMM Perth Branch, Australia: A World Source of limenite, Rutile, Monazile and Zircan, Conlerence September-@ctober 1986




108 D WRIGHT, R G RICHARDS AND M S CROSS

number of mineral sands operations on the east
coast increased. Although some pgravity
concentration was performed with the
establishment of tabling plants by most
operators in the period 1940-1945, the
production and export sale of mixed
concentrates only (containing 25-30%7 rutile,
40-45% zircon and 20-25% dilmenite) was the
norm up to and during this period.

The increased demand for rutile at the
commencement of the Korean war in 1950 saw
significant rutile price increases with
consequential increases in mineral sands
production in Australia. This also provided
the necessary economic motivation to mine and
treat lower grade deposits now that the high
grade areas had been worked out. The use of
bulldozers for mining and spiral separators in
small movable concentration plants with
throughput capacities of approximately 30 tph
was the operational system used by several
operators at this time.

By the mid-1950's small dredges and
Carpco fanning concentrators (a form of
pinched sluice) or spiral separators were used
in operations of 50-60 tph throughput capacity
to treat mineral sand deposits of still lower
grades. By this time also most operators
carried out drymill separation of the
constituent mineral for the production and
sale specifically of rutile and zircon

SCALE OF OPERATIONS

In 1956-57 the open market for rutile
weakened . The fall in rutile prices which
continued wuntil 1962 saw many operations
close, Those operators that remained in
production were forced to achieve lower cost
operaticns which, in the face of decreasing
ore grades, meant significant changes in
attitude to mining and processing methods and
scale of operations. The displacement of fan
concentrators with pinched sluices, cones and
spirals in multi-stage process plants led to
metallurgically efficient plants of higher
capacity (200300 tph).

Over this  period the mineral sand
industry extended to Western Australia with
the miping of high grade ilmenite deposits.
Dry mining and gravity concentration treatment
utilizing either rotating cones or spiral
concentrating plants were the bases for these
early Western Australian operations.

From. the early 1960's until the early 1970's
the Australian mineral sands industry saw
steady growth, but in 1975-76 the industry
entered a period of recession. The still
falling grades and the prospect of mining and
processing high dune deposits led to the

design and construction of ultra-high capacity
plants with throughput capacities in excess of
1500 tph by several operators. Mining of free
flow-flowing sand deposits at such rates was
necessarily by suction-cutter dredging and
gravity concentration either by high capacity
Reichert  cone  concentrators and spiral
separators, or pinched-sluice Wright tray
separators and spirals.

THE RECENT PAST

The slump in the mineral sands industry
experienced in the late 1970's-early 1980's
due to low rutile prices contributed to
significant reductions in the production
capacity operating in Australia. By this time
also the ore grades being mined were well
below cut—off grades of deposits being mined
just 15 years earlier. The recovery of the
industry din 1985-86, with record rutile
prices, has seen the re-establishment of
several plants that had previcusly closed due
to unfavourable economic circumstances,
together with the commissioning of Australia's
largest mineral sand mining and wet gravity
concentration operation on WNorth Stradbroke
Island. The 2700 tph plant of Consolidated
Rutile Ltd utilizes wholly spiral separators
for the multi-stage gravity concentration of
the heavy minerals contained in high dune sand
deposits at grades below 0.27 rutile.

ECONGMICS
PRODUCT VALUE

The fate of the Australian mineral sand
industry has been one of regular cyclical boom
and bust. The strategic value of rutile is
reflected in the price booms evident in early
times of war. The demands and prices for
zircon and ilmenite have similarly shown wild
fluctuations from time to time. With such
changes to the value of production, mineral
sand producers have had to regularly review

‘their costs. Such vigilance has resulted in

the mineral sands industry developing some of
the most cost-effective operating systems
known to the world's mining fraternity.

ORE GRADES

In  the first (1935)  mineral sand
operations for the recovery of mixed
rutile/zircon/ilmenite concentrates, ore
grades of 50% heavy minerals were common. By
1945 the average grade of the sand mined was
20-30% heavy minerals. In 1951 the average
grade for the industry was probably about
10~15Z heavy minerals. By 1955 this had
fallen to about 57 and in some cases even
lower. Although higher grades are still mined
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in Western Australia, the constituent heavy
mineral values in deposits are weighted by the
relatively low value of the major constituent
mineral extracted and sold, ilmenite.

On the east coast of Australia the
current large-scale operations are based on
deposits of grades averaging approximately
0.5% heavy minerals.

The ability of a mining industry to
remain economically viable in the face of ore
grade falls from 50% to 0.5% over the past 50
years while over the same period the real
value of the product has dropped, is indeed
strong evidence of the progressive
developments in the Australian mineral sands
industry in terms of reaching cost-effective
solutions to severe technical and economic
problems.

EQUIPMENT DEVELOPMENT
& OPERATIONAL PHILOSOPHY

NECESSITY IS THE MOTHER OF TNVENTION

The fluctuating economic fortunes of the
Australian mineral sands industry have in
themselves provided the motivation for the
development of low cost and metallurgically
more efficient separation equipment.
Furthermore, the economic forces associated
with falling ore grades and real product
value, as well as environmental constraints,
have necessitated an innovative approach to
minimise costs so as to maintain the viability
of the industry.

SPIRAL SEPARATORS

Apart from the very early use of tables
for wet gravity concentration, the first
concentrating device for mineral sand
concentration was the spiral separator.
Humphreys popularised the spiral from its
first applications in the U.S.A. chromite
industry. The first spirals were very
unsophisticated in design and construction.
The materials of construction were cast iron
and concrete. A number of operators 1in
Australia constructed their own spirals using
materials that included worn truck tyres. The
later use of fibreglass brought about
significant reductions in weight and
improvements in accuracy and performance. The
fibreglass spiral troughs were at first
rubber-lined, but later the intreduction of
polyurethane elastomer coating reduced the
production costs.

Apart from small changes to profiles, the
spiral manufacturers made few changes to
spiral separators until the 1960's. The

competitive nature of the spiral manufacturing
industry together with the spread in
application areas for spiral separators from
the mid 1970's has led to several innovative
aspects being introduced to spiral design over
the past ten years. The use of wash water has
been dispensed with in many spiral models, and
the introduction of compound trough profiles
and continuous changing profiles has effected
significant improvements in metallurgical
performance and increases in unit capacity.
Furthermore, the availability of spirals in
multi-starts per column has reduced plant
floor area/tonnage requirements.

The availability of a wide range of
spiral separators suitable for selective
duties has re-popularised the spiral and
several existing plants in Australia have
recently revamped by the incorporation of
spiral separators for duties previously
carried out by other equipment.

PINCHED SLUICES

The first production application of
pinched sluices in the Australian mineral
sands industry was in the mid-1950's. TAMCO
utilized the Carpco fanning concentrator.
Various other pinched sluice systems were
developed notably the York sluice, Foyster's
"Star—ten'" concentrator, Cudgen multi-variable
sluice units. The most successful of the
pinched sluice devices 1is the Reichert cone
concentrator. With a unit capacity of up to
100 tph in its 2m diameter form, the cone has
a reduced energy consumption due to higher
feed densities than for spirals. However, the
stage efficiency is lower than for spirals. A
more recent development is the 3.5m diameter
anit which has a maximum unit capacity of
approximately 350 tph. Efficiency is improved
and plant simplicity increased, but there is a
limited number of applications in which its
very high unit capacity is required.

The Wright impact tray system used in
Consolidated Rutile Ltd's 2700 tph Bayside
plant on North Stradbroke Island has proved as
metallurgically effective as the Reichert
cone, but suffers from the distribution
difficulties associated with the small unit
capaciries in a similar way to large capacity
spiral plants.

OPERATIONAL PHILOSOPHY

The need to achieve low cost systems for
the treatment of continually lower grade
deposits has necessarily resulted in increased

scale of operations. The development,
availability and utilisation of
metallurgically efficient and low—cost

separating equipment has assisted the
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maintenance of viable mining operations in the
face of the fall in the real value of products
that has occurred during the history of the
Australian mineral sands industry. However,
the concentrating elements form only part of
integrated mining and processing systems,
which now offer high metallurgical recoveries
and plant availabilities, low capital and
operating costs. These phenomena are achieved
in modern mineral sand plants through design
factors that minimise
i) energy consumption by using dredging
systems and floating plants; thus
minimising pumping volumes and distances
and plant water requirements.
i1} capital cost by using high capacity
separation devices and structural design
techniques enabling rapid and simple
construction and erection.
iii) manning requirements through the use of
simple but effective automatic control

systems.

iv} maintenance costs through the use of
abrasion and corrosion resistant
materials.

All these factors have contributed to the
Australian mineral sands industry's having
developed what is probably the lowest cost and
most efficient mining and mineral processing
systems in the world.

ENYIRONMENTAL

Accompanying the reducing ore grades and
subsequent necessarily increased scale of
pperations experienced by the Australian
mineral sands industry was the need to treat
an increased volume of sand. This had an
accompanying increased impact on the
environment. From the late 1960's when the
industry experienced rapid growth, attention
was drawn to the envirommental impact of the
mineral sand miners. As a result of pressure
from the conservationist lobby and to at least
some degree for the sake of political
expediency, there were severe Ilegislative
restrictions placed on the industry.

Notwithstanding the above constraints,
the industry te its credit had already
instigated comprehensive ecological and
rehabilitation programmes. These programmes
were at not inconsiderable cost but have
proven to be most successful. Nevertheless
the environmental constraints effectively
locked out mining from vast areas of
significant potential for the mineral sand
mining industry. These restrictions failed to
recognise the expertise of the mining
companies in ecological and rehabilitation
techniques, and the economic and social
spin-offs for "Australia. These benefits

included not only significant export income
and employment, but also soclutions to land
stabilisation problems. Furthermore the need
for security of tenure of lease areas by the:
mining companies te justify the investment/s
required to establish mining operaticns was
not recognised by the legislation instigators.

Despite the environmental restrictions
and costs, it is proof of the resilience and
innovativeness of the Australian mineral sands
industry that it has profitably survived such
constraints.

PROCESS OPTIMISATION
BACKGROURD

To establish an appropriate process flow-
sheet for the treatment of any mineral ore, a
thorough understanding of the orebody and
processing requirement is essential. Mineral
sand deposits are no exception to this, and in
fact may be more demanding in this regard due
to the exactitude of the required processes in
terms of minimising costs, The need to '"do
one's homework'" 1is essential as, despite
uninformed opinion te the contrary, mineral
sand deposits are all distinctly different.
Accurate information inclusive of grades,
mineral suite, mineral sizings, range and rate
of change of grades, is required,

TESTWORK

For wet gravity concentration, testwork
on appropriately selected bulk samples is used
to establish flowsheet design and to provide
plant operator guidance. Testwork data
however provide not only metallurgical perfor-
mance information (which will include the
determination of optimum feed rates and pulp

densities), but also critical economic
information. This information is of course
related to unit stage metallurgical
performance, but is  more specifically

concerned with the cost-effectiveness of such
performance in terms of the number of stages
and the associated plant capital and operating
costs in achieving economic recoveries.

SPIRAL SEPARATOR TESTWORK PROCEDURES

testwork
spiral

The following outline of
procedures adopted generally for
testing illustrates the above concepts:

- FEguipment Selection: one or more spirals
may be chosen for testing.

— Determination of optimum pulp density: a
feedrate at which acceptable results can be
expected is used for a number of rests

The AusIMM Perth Branch, Auslralia: A World Source of limenite, Rutile, Monazite and Zircon, Conference September-October 1986



D WRIGHT, R RICHARDS AND M 5 CROSS 111

o

carried out at varying feed pulp densities. +
The test results are plotted on the basis of . s
percent values recovery vs., percent mass I //// ° ]
recovery of feed reporting te concentrate, J// : .
_Figure 1 illustrates a series of such tests / -
‘carried out in such a fashion on a low grade /'
tin ore wusing a Wright LGl 7-turn spiral
separator. It is clear that the performance
is enhanced at higher feed densities. Higher
feed densities require a smaller water supply
and therefore incur lower pumping costs. Thus
equivalent performance on two different spiral
models operated at different feed pulp N :
densities would normally favour the higher . 15 Sooins 2
density unit. w . . . . , . . Eé?’s"oé."%b'i?ns °
1] i n k4 aQ E] Ll m 2 Ed =
- Determination Of Optimum Feed RatE: having CUMULATIVE WIIGHT RECIVERY TO (QNCENTRATZ %
Selected the most Suitable spiral model and FI2URE D TESTWORK FOR SPIRAL SELECTION - VARIABLE FETD PULP DERSITY
determined an operational feed pulp density, a
series of tests is carried out at various
tonnages to ascertain the appropriate feed
rate. The test results are plotted on the
basis of percent recovery of values vs.
percent mass recovery of feed reporting to
concentrate. - Figure 2 illustrates actual data
obtained in this fashion from testing a low
grade mineral sand material. From this data,
and a selected value of overall values
recovery, a further plot is made of tonnage
rejected to tailings vs. feedrate. For the
data presented in Figure 2, this secondary
plot is illustrated in Figure 3 for a selected
90% H.M. recovery. The parabolic cr.ve
indicates clearly the optimum feedrate for
maximum rejection te tailings at a specified
overall values recovery rate.
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conclusions are based on an assumed constant £ N » " N =
feed grade. Fluctuating feed grades pose
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significant further problems as discussed
below.
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particular unit process/es reflects the
material tested (grade, sizing, mineral el
suite), the available equipment, and the
philosophy by which either the objectives are
determined and/or the testwork results are
interpreted. For the treatment of low grade
ores, a normal approach is to reject as much
of the feed material as possible as soon as
possible. The contrary approach to maximise
upgrading~ may be valid An certain v
circumstances; however, can often lead to a i
less cost-effective solution than the former. :
|

Metallurgical performance achieved by any [ ./’“\
|
i
|
|
!
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The advent of the new generation of gravity
concentration devices, = specifically spiral sl L : . : - __—ig;—ri

separators, can to a degree enable both FEED BATE T.PH.
approaches to be tackled, thus challenging FIGURE.3 SPIRAL SELECTION-DETERMINATION OF GPTIMUM FEED RATE AT 90% .M. RECOVERY
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Taggart's (1951) claim that "enly one optimal
product can be made in a single stage of a
concentrating operation". In order to benefit
from such potential, it is essential to have
an open mind to metallurgical performance;
i.e. rather than having preconceived ideas on,
for example, requisite recoveries and unit
tonnages, accept optimised unit metallurgical
performance as determined by testwork
programmes such as that outlined above, and
thence determine process flowsheets based on
not only metallurgical data but alsoc economic
factors. By way of example, it may be more
cost-effective to design for relatively low
unit tonnages in a primary treatment stage,
thereby ensuring that a "barren" tailing can
be rejected from the first stage of
processing, rather than accepting lower
recoveries at a higher wunit tonnage, and
subsequently necessitating the installation of
a separate scavenging stage of processing.
- This operating approach is of course not
always applicable, particularly when feed
grades are quite variable. HNevertheless the
above example does illustrate the need to
consider both metallurgical performance and
economic factors in the delineation of the
most cost-effective process flowsheets.

EXAMPLE
BACKGROUND

Mineral sands mining and processing
plants are a dynamic system that change to
suit the available technology.

Both external and internal needs and
demands frequently initiate these changes
within the mining and processing systems.
External demands include the market/s for the
mineral products, envirconmental considerations
and legal/political considerations. Internal
demands generally include operational
considerations with regard to ore grades,
mineral deposit locations and mineral
assemblage.

When a mineral sand mining company
considers changing process technology in order
to solve problems, the basic reasons are
usually of a more practical nature. Such
practical considerations would be usually
incorporate:

- mining and processing costs.
- H.M. concentrate production.
- H.M. concentrate grade.

~ economic mineral recovery.

Note: These aspects apply to Wet Plants
not Mineral Separation Plants (Dry Plants).

In the following discussion a mineral
sands mining and processing operation will be
used as an example of how technology has been
used to overcome the practical operating
demands.

WESTRALIAN SANDS LIMITED

Westralian Sands Limited (WSL) commenced
operations in 1958-59 (as Westralian 0il) with
a wet plant and an Ilmenite plant (Dry FPlant).
Since this early beginning, WSL has operated
five wet plants, all of which underwent
numerous alterations. These alterations were
to improve the plant performance in respect of
the four practical considerations listed
above. Table 1 lists the plants, their period
of operation, separation equipment, location,
mobility of the plant and plant status.

Within this paper the discussion will
centre on Plants 1 - 3. Plant 3 has been
expanded by 3 major plant changes. Plant 1
and 2 also underwent significant modifications
during their operating life,

The mining methods used for the Plants 1 - 3
are also included as they have a significant
bearing on the design and operation of the Wet
Plants.

PLANT 31 1959 - 1967

Mining Operation:

The mining methods are dllustrated in
Fipure 4. A dragline was used to mine a three
layer deposit; top layer: sand, middle layer:
sand, c¢lay and tock, third layer: clay and
rock. The grade of the deposit increased very
significantly with increasing depth. This was
particularly noticeable at the wet plant after
the removal of oversize and clay.

As a mining operation, the basic approach
was an open-cut mine. A dragline, mining in
benches, loaded trucks which transported the
ore to a apron located at the wet plant site.

A water monitor was used to slurry the ore,
break up the mineral bearing clay, and wash
mineral from the large oversize material. The
dragline or a bulldozer was used to remove
oversize from the apron when required.

Concentrator:

The flowsheet is outlined in Figure 5.
The apron slurry was screened in three stages
to remove oversize. The final screening stage
was located above a double surge bhin system
used to remove clay slimes. A series of pinch
valves were used to control fhe feed rate to
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Table 1 - Wet Process Plants Operated by
Westralian Sands Ltd.

Plant Op. Sep'n Site Mobile? Orig.

Period Equip Plant
Status

1 '59-67 Sprls TYoganup No New

2 '67-77 C/Conc Yoganup No New

34 '71-75 C/Conc Yog Ext  Yes New
3B '75-84 C(/Conc Yog Ext  Yes  Plant 34
Inc.capac
c '84- Sprls Yog Ext Yes Plant 3B
present C/Conc Inc.capac

4 '87 Sprls Yog Nth  Yes New

’ C/Conc
5 '64-86 C/Conc Nth Capel Yes New

Plant operated by Western Mineral Sands.

6 '75-78 Trays Busselton Yes New
Plant was designed by Norseman Titanium,
operated on leases of Mid-East Minerals

by WSL.

Sprls = Spirals; C/Conc = Come Cencentrators
Yog Ext = Yoganup Extended;
Yog Nth = Yoganup North.
the spiral circuit.

The spiral installation can be examined
in two main parts; equipment selection and

flowsheet development.

Equipment Selection:

In early 1958 the equipment available was
in two main types, spirals of numerous design
and construction or pinched sluices or trays
of various designs.

For the Yoganup orebody the equipment had
to accept extremely high grades and highly
variable head grades. The bench mining
method, weather, and earth-moving equipment
constraints meant that on occasions the
primary spirals would need to accept heavy
mineral grades varying from 1072 H.M. to in
excess of 50% H.M. on a hourly basis. For
this reason spirals were considered more
capable than sluices of handling the feed
matevial.

For the initial plant, Mineral Deposits
Ltd's Reichert WWl (Mk 1) twin start 13-1/2"
pitch  fibreglass spirals were chosen. For
cleaner and recleaner stages the same spirals

BRAGLINE
MIN|NG
TRUCK N
TRANSPORT
MONITOR APRON DRAGLINE
WATER oR
BULLDOZER
GRIZZLY
SCREENING | W OVERSIZE
DOUBLE DECK
NORGBER[ SCREEN |———  OVERSIZE
SINGLE DECK
NORDBERG SCREEN —— W OVERSIZE
TO PLANT SURGE BINS
WESFRALIAN SANDS LTO.
FIGURE. & MINING & SCREENING PLANT.1.

)
| UNDERSIZE EX.
S/0 NORDBERG SCREEN
. 4

SURGE BIN

‘u!r
—
SURGE BIN
v
E T SUMES DANM
5 X
r
et
e A
h 4
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TAlLS, 160 STARTS. WW 1 fOHC

PITCH 13927
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64 STARTS.WW1
LONC, PITCH 15 U127

SCAVANGER SPIRALS

CLEANER SPIRALS
96 STARTS WW1
BITCH A3 U2 [TAILS.

TAILS.

b 4
FINAL TAILINGS

FIGURE. §

LONC

[ReCLEAKER SPRALS
35 STARTS.WW 1
PITCH 132°

CONC.

b
EINAL COHCENTRATES

WESTRALIAM SANDS LID
CONCEHTRATOR . 1.

SPIRAL PLANT 1958-1667
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were chosen. The scavenger stage used similar
spirals with a 15-1/2" pitch for the lower
grade feed material. All spirals had numerous
concentrate outlets and wash-water addition
points.

As the original designers of the plant
vere all EBast-Coast-of-Australia-trained, the
approach to the high-grade feed problems was
based on East Coast plant practice.

Flowsheet Development:

The spiral circuit was developed in three
stages.

Stage 1 1958 -~ Starting flowsheet
incorporating Primary spirals only. The
plant had difficulty producing acceptable
final tails and final concentrate grade
with the feed conditions of high and
variable grades.

Stage 2 1959-60 - Addition of scavenger
and cleaner spirals. The inclusion of
the two additional spiral stages improved
both heavy mineral recovery and final
concentrate grade; both being essential
for reduction of cost of mineral
production and increasing ilmenite
production.

Stage 3 1964 -~ Addition of the recleaner
spirals. The fourth stage of spirals was
added to further improve concentrate
grade to raise ilmenite production.

PLANT 2 1967 - 1977

By 1967 the orebody had been mined south

and north of the stationary concentrator. The
plant could not be moved sco a new plant was
required. The plant had to be of a higher
capacity but able to cope with similar mining
methods and feed conditions.

Mining Operations:

" The mining and screening plant flowsheet
is shown in Figure 6. DBasically the same as
for Plant 1, the flowsheet involved an altered
screening operation in the removal of the
water monitor. The monitor was replaced by a
feed bin, with a vibrating feeder that fed
directly to an Allis Chalmers double-deck
vibrating screen. High pressure water jets
were used on the feeder and both screen levels
of the double-deck screen. The undersize was
pumped to a trommel mounted above the surge
bin.

Concentrator:

The flowsheet for the concentrator is

DRAGLINE
HINING
4
TRUCK
TRANSPORT i
ERONT END
LOADER STOCKPILE
FEED HOPPER WATER
VIBRATING FEcoer (4 —
r
ALLIS- CHALMERS
< 0iSI1ZE DOUBLE DECK ‘.‘M__
VIBRATING SCREEN
y
arsizk TROMMEL
TRUCK
r
SURGE BIN SLIMES
oUMP TAILINGS DAM
| GRAVITY SEPARATION
v {FlG4]
WESTRALIAN SANDS LTD
FIGURE. & MINING 5 SCREENING PLANT. 2.

(1967)

outlined in Figure 7. With the same mining and
a similar screening process to the original
plant, the concentrator was required to handle
the same feed conditions as the original
spiral circuit, The mwain features were
relatively high and highly wvariable feed
grades (10 - 50% H.M.).

For Plant 2 an examination of the
installation is based in two parts; equipment

selection and flowsheet development,

Equipment Selection:

In 1967 three types of equipment were
available for the concentrator:-

Spiral separators,
Pinched sluices or trays,
Reichert cone concentrators.

Experience with the spiral «circuit
indicated a number of operational problem
areas:—

i} Feed distribution to spiral starts,
ii) Wash water supply both to the spirals and
more particularly to the numerous points

on each spiral start.

iii) Imability to quickly adjust spirals to
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different feed grades; particularly when
treating hish grade ore. This is mainly
reflected in the inability to quickly increase
concentrate tonnage.

iv) Relatively low feed pulp density to the
spirals (approx. 25% solids) meant large
pumps and moters for slurry delivery,
with consequential high maintenance and
operating costs.

v) Spiral product collection was complex.

0f the alternative unit processes, trays
presented similar problems to spirals
particularly with regard to points (i), (ii)
and (v) above.

In the early 1960's Mineral Deposits
Limited had developed the Reichert cone
concentrator for the mineral sands industry,

A comparison between the spirals and cone
concentrators showed significant advantages in
favour of the cone concentrator.

i) High capacity concentrator meant feed
distribution and product collection was
simpler.

ii) Wash water requirements were simplified
due to a smaller number of units in the
plant.

iii) Product collection and launder systems
were simplified.

iv) Concentrate output from individual
circuit stages could be altered rapidly
to handle the variable feed grades.

v) Total concentrate output was easily
altered to suit the requirements when on
high grade feed conditions.

vi) High density feed (approx. 60%Z solids)
allowed for relatively low operating and

maintenance costs on pumps and motors.

Flowsheet Development:

With reference to the flowsheet in Figure
7, the initial circuit comprised rougher,
scavenger and recleaner stages only. The
cleaner stage was later added to assist with
upgrading of the final concentrate and to aid
the circuit by facilitating a rapid increase
in final concentrate output when high grade
feed was being processed.

Circuit variations included:-

i) Primary concentrate 1 could bypass
cleaner stages directly to final
concentrate,

ii) Cleaner concentrate 1 could bypass
recleaner stage to final concentrate.

Equipment variations were numerous.

i) Initially the cone concentrators used the
12-tray system of small trays as an
upgrading stage. This was later altered
to =six large trays on the first two
stages but the small trays were kept for
middlings.

ii) With the large mouth trays, these could
be set to make concentrates only, thereby
increasing each stage concentrate output.
This variatiom was used often on high
grade feed.

iii) The c¢leaner cone concentrator and the
recleaner cone concentrator had variable
inserts to allow for 1increasing or
decreasing concentrate output. This
feature was used constantly with the
frequency of head feed grades changes.

The wvariations with regards to the
circuit and the equipment indicates the
adaptability of the cone concentrators'
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performance to the feed conditions. But the
demands placed on the plant required improved (%EQY?JEIN[%AS!\E??DPFE%
performance in both the recovery of heavy
mineral and final concentrate grade. As a B ¢
note of explanation, final concentrate grade
had a significant effect on ilmenite STOCKPILE
production. At WSL's dry separation plant, the
original HT Roll and electrostatic plate
circuit was replaced by Readings cross-belt ¢
magnetic separators for the production of :
ilmenite, These wunits operated at maximum FRONT END LOADER
throughput at all  times. Therefore, a
decrease in heavy mineral concentrate grade é
meant a reduction in ilmenite production.
In 1971 a second mining operation was VIBRATING GRiZZLY HADE OISIZE‘%
begun at Yoganup Extended, north of the
Yoganup deposits but on the same strand line, ,#
In this operation significant changes took
place in the mining method and concentrator CONVEYOR
opecation. The changes in mining methods had
a significant impact on the operation of the $

concentrator.,

ALUS ~CHALMER MEDIUM 0/SIZE

PLA _ DOUBLE DECK Lip,
LANT 34 1971 1975 VIBRATING SCREEN
Mining Operation é
. . P ' ALLIS (HALMER

A major change occurred with the mining AEROVIBE SCREEN SMALL OISiZE%
methods with the operation of the Yoganup
Extended plant in 1971 (Figure 8). ,i

Elevating scrapers were used for both |
mining and transportation of the mined ore to SURGE BIN
the screening plant. With the assistance of a
bulidozer for breaking laterite (coffee rock) y
in the middle zones of the orebody, the WESTRALIAN SANDS LTD
elevating scrapers could mine from surface to FIGURE. 8 MINING & SCREENING PLANT 3
basement in one pass. This was achieved by { YOGANUP 1971)

mining on a slope rather than a bench
arrangement as used previously at Yoganup.,

. . . . SURGE BIN
This mining method, combined with a

stockpile at the screening plant, meant that
the screening plant and concentrator received

a blended feeq,.and feed grade‘ varlat.lons.wtare PRiHAY ETAGE
kept to a minimum. To assist this mining - 3xCONE CONCENTRATOR
. . . HIDG. DSSV 0556, {16 | TATLS:
method in reducing operating costs the _
screening plant was mobile, (moveable in two g

days), to match the forward movements of the

mine along the strand lines. mips|  CLEANER STAGE
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3 CONE CONCENTRATORS TalLs
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Concentrator (Figure 9): T LN TONE.
- L] . I} 4
With the change in mining methods the
concentralor was to receive a stable feed AN ORI e
grade that did not have the extensive TAILS] DSSV.055.0
variations of the previous mining methods, }
Equipment Selection:
FINAL FINAL
. . CONCENTRATE TAILINGS
For the reasons expressed in the previous
ection Reichert cone ¢ trators r WESTRALIAN SANDS 1TD)
s . oncentrato vere FIGURE. 9 CONCENTRATOR 34

selected again for the new concentrator. At 1972)
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that time, the choice of spirals was limited
to Mineral Deposits WW2 (Mk 2) or XATAL
spirals, neither of which were being used in
large numbers in wet plant circuits.

Since their installation in 1967, and
their later modification within the plant, a
number of significent developments had taken

place with the cone concentrators. These
changes were brought about to overcome some of
the complexities of the early cone

concentrator. Even though cone concentrators
were simpler to operate than large numbers of
spiral starts, there was a need to be even
simpler and less operator intensive, For
this to happen:-

i) The tray system required medificationm,

ii) The wash water addition to the trays
needed to be reduced,

iii) The cone inserts needed to be more
durable, and

iv) The operation of the cones in order to

facilitate increased concentrate output’

needed to be eased.
These problems were overcome by:-

i) The addition of a second upgrading cone
deck i.e. configuration altered from a
DS.DS.D type to DS5.DS5.D type,

i1) The extra upgrading cone deck and the
change to widc mouth trays simplified the
tray and wash water addition systems,

1ii) The original bronze inserts were altered
to rubber—covered steel inserts. This
lead to a much longer positive life for
some inserts,

iv) The increased useage of variable inserts
in early stages of the circuit.

Flowsheet Development:

The flowsheet in Figure 9 was used from
the commencement of operation till the plant
was expanded in 1975.

The only circuit variation used in normal
operation was to bypass different amounts of
cleaner 1 and cleaner 2 concentrates to final
concentrate with changes of feed grade. The
circuit variations of the previous plants were
not necessary, due to the feed grade control
achieved by the newly adopted mining method
and equipment modifications.

PLANT 3B 1975 - 1984

The Yoganup Extended screening plant was
changed to include a drum scrubber in 1972.
The drum scrubber as shown in Figure 10-was
used to recover mineral from the oversize
material. Mineral was recovered from the
laterite (coffee rock) and the soft clays.

ELEVATING SCRAPER
MINING TRANSPORT

Wil

STOLKPILE

I

FRONT £H0 LOADER

e

YIBRATING GRIZZLY LARGE O/SEZE

1

CONVEYOR

pOUBLE DECK
LOW-HEAD SCREEN

DRUM SCRUBBER TROMMEL

7 AEROVIBE SCREENS

0fs

-
¥ Zmm
OVERSIZE WET CONCENTRATION
TO WASTE PLANT

WESTRALIAN SANDS LTD
FIGURE .10 HINING & SCREENING PLANT
{1972)

Tn 1975 the concentrator was expanded in
size. A higher capacity screening plant was
also built.

The mining and screening plant flowsheet
is shown in Figure 10 and the concentrator
flowsheet is shown in Figure 11. With the
generation of additional slimes from the drum
scrubber, hydrocyclones were installed above
the surge bin to remove slimes and assist in
pulp density «contrel for primary cone
concentrator feed.

In 1983 a significant change was made to
the mining method to reduce mining costs. A
conveyor system was used in the mine pit to
transport mined ore directly from the pit to
the screening plant. Elevating scrapers mined
the ore but no longer transported ore out of
the pit. This reduced costs but could at
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