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ALTERNATIVE TAILINGS DISPOSAL TECHNOLOGI®S

by Dr Allan Thomas

Slurry Systems Pty Limited, Perth.

7 INTRODUZTION

The conventional method of disposing of gold tailings generally involves
simply pumping them to 2 tailings dam at the density at which they =2xit ths
process plant. This density is often quite low. Upon discharge around the
parimeter of the dam the coarser, grannular particles rapidly segregate from
the flow, forming a beach. The finer particles flow to the centre of tha dam
where they slowly consolidate, Clear water is generally dscanted from the top
of the dam and pumped back to the plant. Bacause of ths larce surfuce ara3 a
Large proportion of the water is lost due to evaporation,.

The centre portion of the dam containing the finest particles is continually
under water. The s=ttled solids can therefore not lose water by =urface
evavoration., The ssttled solids concentration can only increass by Adrainage
of moisture into the subsoil and by consolidation. The degree o
consolidation largely depsnds on the height of ths dam.

When the mine eventually ceases oroduction the tailings deposit corsists of a
retangular shapsd mass with coarser, grannular particles around thz pariunszter
2dges and fine, near colloidal sized particles in the centre. Evaporation can
rnow begin from the top surface of the centre portion of the dam. This rapidly
results in a crust foraning which then hinders further evaporation. Comnlate
drying may taks ten or twenty years. During this period reshabilibation is
difficult since machinery cannot operate on the surface.

An alternative disposal method is the high density slops disposal systen.
This involves thickening the tailinzs to a higher density than noramal. Inon
disposal they form a homogeneous, sloping deposit. This paper discusses
various aspects of this approach including economic and environmental

advantages,

2, STATE OF THE ART OF HIGH DENSITY DISPOSAL

The concept and development of tailings dispnsal by the thickendd discharge
nethod was first developed and tested by E.I. Robinsky, Canada (Robinsky
1978). Tt has since been applied in numerous ivdustries, e.g. Robinsky (1981),
Wood and MeDonald (1984) and Yoemans (1986).

Robinsky investigated the relationship between percent solids of a tailing
punped and the resulting disposal behavior. Conventional tailing slurry

densities resulted in segregation of solids on disposal and the rasulting low
slopes required high containment embankments. Tncreasinz the slurry density
£o achieve a threshold slope of 2 percent and asbove resulted in ron-

segregation, with significant improvemznt in the environmental qu: > the

disposal of the tailing.
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ork provided the impetus for developunent nf processing

to economically achieve the desired high density
2ctablish correlations and understanding to predict
from pilot plant test samples.

Slurry Systems in association with Robinsky conducted extensive pilot plant
tests and established technical fsasibility of high density disposal by
combing coarse and fine disposal streamns for disposal of coarse bottom ash and
fly asn in the power gensration industry and disposal of coarse and fine
refuss in the coal nining industey. This work allowed correlation to predict

slope of deposits from testing of small (2 litres) representative samples of
tailings.

Labo r“tory testing of samples provides a basis for establishing both technical
f2asibiiity and design of the disposal slfge as w2ll as the puﬂpln and
ents for any system.

nigh density disposal schemne involves thicksning of the tailings prior to
cisposal. The thickener overflow water is returned immediately to the plant.
At the disposal site the thicksned tailings do not segregate but form a
aomogeneous, =loped deposit. No water separates from the deposit. If
discharge is from a single spigot the tailings will form a conical shaped
deposit. Deposit slopes depsnd on the rheology of the slurry and the
1ischarge rate from the spigot. Typically slopes will be from 2 to A%.

The hill fora=d by the deposit uniformly spreads any runoff caused by rain
falling on the deposit. The runoff does not channel to form gullys since the
slope of the deposits is less than 10 percent. Rain falling on freshly
deposited high density tailings will runoff with little entrainment of solids
The slurry propsrties preclude ready mixing of the solids and the rain water.

i small 1 to 2 metre perimeter embankment on the downstream side of the
tailings deposit is installed to contain only low density off-specification
siurry and to store rainfall runoff. The perimeter embankment volume is small
and can be constructed at minimal cost.

ty disposal concept relies on there being sufficient area such

ive layers partially dry out before the next layar is deposited
D. Discharge from a single spigot or number of spigots in the

antre of Ch? tailings area will achieve this automatically. This occurs

since the flow tends to flow in one sector until the heizht increasss

su itchent to divert the flow to another sector and so on.



The depth of fresh tailings deposited before the flow diverts to ancther
szctor is typically around 100mm. Once the flow ceases, evaporation begins.
Capillary rise in this relatively thin layer aids the drying process and
enables uniform moisture content to be achieved.

3

he slurry density and soigot flow rates are designed so that sufficient time
occurs in winter months for the deposited layer to achieve a reasonable shsar
strength before fresh slurry is deposited over that layar. Further moisture

raduction takes placs by consolidation.

Shortly after mining ceases the deposit is sufficiently dry to enable
nachinery to operate on the surface.

Tane evaporation rates during the winter months dictate tha areas needed.

3as2d4 on pilot plant data the areas required in the Kalgoorlie region will be
similar to those currently occupied by.conveuntional tailings dams.

At the cessation of mining a conical shaped deposit will cover an area similar
to the conventional deposit.

Consider for example the particular case of 5.UMt. of tailings. Assume the
residual density in the dam when mining ceases is 65% and the ratios of dan
wall heisght to width is 0.3. For wall heights ranging from 12 to 18 metres
the arsa covered ranges from 50 hectares to 40 hectares.

With hign densitv disposal the rasidual density is higher, around 85%. The
arsa occunied by 2 cone shapad deposit will depend on the average slops. Foar

the sam= 5.4 Mt the following areas and cone heights will apply:

Slopz (%) 5 4 3
Area (ha) 40.4 52.9 £3.9
Height (m) 21,5 16.4 13.5

The slopes attainable will depsnd on the particular tailings, the degree of
thickesning and the spigotting method. They are similar to the areas involved
Wwith conventional disposal.

At an existing mine high density disposal can be used to extend the life of
the conventional tailings dam. Overlaying the existing tailings will
cousolidate and remove water from them. In some cases the high density
tailings can be allowad to spill over the dam walls. By this action the
existing tailings dam is sngulfed and converted to a cone shapad deposit.
Tnis may sult z2asss where an existing mine is undergoing major expansion.

The sterilisation of valuable uinerals by placement of tailings may be a long
tern consideration, in the same manner as retreatment of tailings is a long
fLerm option as technologies change. The high density tailings disposal system
allows for removal or reclaim for retreatment of the tailings using
conventional low cost mining equipment. This is in contrast to the
conventional tailings dam, which cannot be removed for many yesars nr requires
2 dredging opsration.



Further, the small quantities around the shallow edges of a slope deposit 2an
be readily removed. For example, by removing just 5.5% of the total material
from around ths perimetar the arsa can be reduced by one third.

3 [MPLEMENTATION

To implemnent the disposal schem: a method of thickening to high densities is
requirsed. Table T illustrates the capabilites of conventional equipment.

TABLE I

Typical Dewatering Processes for Tailings

Process or Equipment Typical % Solid Range

Direct from process 20 - 40

Couventional thickener 40 - 50 THICKENING

dizh rate thickener A B e e e
53

Range for slopz disposal 15 -~ A5
75

Vacuun filters 75 - 85

Pressure filters 80 - 90

Tne most common process for witer recovery from a slurry is by static settling
under hindered szttling conditions in a thickener.

At the other extreme the slurry can be dewatered using mechanical squipment

s £ rs and centrifuges. These produce solid cakes with moisture

e range of 10 - 25 percent. Thessz cakes are handled by conveyer
rnd depositing using mechanical equipment.

9}

hose typically achieved in thickeners and filters. The conventional
hizh rate thickeners can produce a slurry suitable for slope disposal at
ths lowsr range of slopes. 1i.2. 2 to 3 %.To obtain higher slopes than thase
spzcial equipment is necessary. Some options are as follows:

irn Thickaning area

A larger thickener than normal will allow higher densities to be achieved.
With convantional thickeners this neccessarily means a proportional increase
i cost. Most of this cost is in the vessel itsalf and the rake mechanism. A
far cheapsr approach is to build a small dam or utilizz an existing tailings
dam as the settling area. An unmanned floating barge can then be used to
recover the thickened slurry for high density slope disposal. SSPL has
designed such systems for the diauond and coal industries.

Trierease Thickener Dsoth

An ilnerease in the depth of a thickener causes greater compression and herncs
higher underflow densities. This approach is the basis of the Dsep Cone
thickeners developad in the UX coal industry and the Jamaicarn aluminium
industry (Abbot et al, 1973; Akers, 1975)



Special “llL”P thﬁk&n@ro

£.T. Robinsky is developing a special filter thickener in Canada purposely
designed to achieve he intermediate range of densities required. 4 prototype
is curr=zntly being tested.

Combining Dry Material with Tailings

pproach is being implemented for tailings disposal in the coal zand
sands industries. The mineral sands industry mixes dry sand with
2kener underflow slimes to achieve a high density slurry. In the coal
industry it is economically attractive to purposely crush the coarss rejects
for mizing with fine tailings thickener underflow to achieve the hizh density
combined tailings. TIn some cases in the <old industry it may be f=azsible to
mi¢ overburden material with the tailings to achieve a high density slurry.

cptinon involves splitting the tailings stream and using conventional
- |
entrifuges to produce a low moisture caks, This is then
fﬂ,h the low density stream to produce the desired high density

Cnemical Treatment

e

Addition of lime or caustic to adjust pH commonly results in a thinning of the
slurryv. The converse is also true - if the pH of the tailings is lowsred by
acid addition the slurry will thicken. pH is not the only factor which
influences the slurry viscosity. The Boddington mine will rely on special
chamical thinning agents. Similarly chemical thickening agents ar=s available.
By this approach a siaple chemical dosing plant could achieve the reguired
density without a thickener being required.

5. SUMMARTSING THE ADVANTAGES OF HIGH DENSITY DISPOSAL

Some environmental advantages of this method of disposal are:

£ Flimiration of large tailings dams - visually pleasing cone shaped
nills instead.

B, & few mnonths after aining ceases the deposit is completely Arv and
rehabilitation can begin.

@, Cyanide dispersal depends on contact with the atmosphere., The cone
shaped deposit together with the fact that no area is submerged n=an
naxinum contact with the atmosphere and therefore maximunm rate of
cyanide dispersal.

d. Tne continuous slope on the deposit means that sub surface drainasge
after rain will leach salts from the top layesr leaving an ideal
surface for revegetation. The salt will appear around the perimeter
but this arsa could be covered by scraping a thin, salt free layer
from the deposit.



A, Steep tailings dam walls, with their susceptibility to erosion and
failure, ars avoided.

from o an econonic viewpoint the advantages are:

3, No tailings dams walls required.
b, No water recovery system, pumps and pipeline required. Consaquently

no powz2r is required at the disposal site.

g, ipe blnh&ige dus to the inherantly non-settling pulp. Thi
23 labour requiremsnts for tailines disposal managenant,

. The ground beneath the tailings area is not parmanently sterilized
since the tailings can be moved if necessiry. With removal of only 23
small proportion of the wmaterial around the parimeter the arsa
required can be less than that required for a conventional dam.

R CONCL

The hizh density slope disposal method of tailings disposal is an attractivas

> ]
lternative to the couventional tailings dam. Tt has obvious anvironmesntal
advantages, There can also be significant economic advantages,

This concept has besn successfully applied in many other industries including
aluniriun, coal, coppsr, mineral sands, power generation and uranium
irdustries, In Western Australia it is being used by Alcoa, Argyle Diamond
Mires and A iated Minerals Consolidated.

Ge technology =2xists now to implement this scheme in the gold industry.
Desigr methods developed in other industries can be utilized. Conventinnal
thickening methods can be usad to achieve the required high density slurries,
There ars also a number of other methods available which have been utilized in
other industries. Theszs should be considered in any evaluation of the
technology for gold application.
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