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The effect of stope backfilling on the construction
and operation of slimes dams in the
gold-mining industry

by J.A. WATES.

SYNOPSIS
Stope backfilling in South African gold mines uses the coarser cyclone fraction of the gold tailings. The disposal

of the overflow from the cyclones, which is finer and of higher moisture content than normal gold tailings, presents
some problems. This paper describes an investigation undertaken to define the parameters that are required for
a quantitative and qualitative assessment of the operation and stability of slimes dams built of such material.

However, seeing the investigation was conducted on the slimes from only one mine, it is recommended that,
until a wider range of data becomes available, tests should be conducted for each individual mine.

SAMEVATTING
Die growwer sikloonfraksie van die gouduitskot word vir die terugvulling van afbouplekke in Suid-Afrikaanse goud-

myne gebruik. Die wegdoening van die oorloop van die siklone wat fyner is en 'n hoer voginhoud as die normale
gouduitskot het, skep egter probleme. Hierdie referaat beskryf 'n ondersoek wat ingestel is om die parameters
te omskryf wat nodig is vir 'n kwantitatiewe en kwalitatiewe evaluering van die werk en die stabiliteit van slikdamme
wat met sulke materiaal gebou is.

Aangesien die ondersoek egter op die silk vanaf net een myn uitgevoer is, word daar aanbeveel dat daar, totdat
data met 'n breer strek beskikbaar word, toetse vir elke individuele myn uitgevoer word.

Introduction
Stope back filling is becoming increasingly attractive in

the South African gold-mining industry. The rationale
for this is based primarily on the provision of support
so that gold-bearing support pillars can be removed and
mining can be carried out in difficult ground. Further ad-
vantages may be found in more efficient ventilation and
fewer fire hazards. Seismic activity from rockbursts oc-
casioned by stope closure is also likely to decrease.

The initial work on stope backfilling has been under-
taken by a number of independent mines. For this reason,
it appears that investigations have been spread across a
range of options from backfilling with unprocessed tail-
ings to backfilling with the coarsest fraction of the
residues. The separation plants typically comprise single-,
double-, and three-stage cyclones.

The overflow produced by the cyclones typically ranges
from 80 per cent of the feed for single-stage cycloning
to 55 per cent of the feed for three-stage cycloning. For
efficient separation, the feed must have a high moisture
content. A relative density of around 1,18 has been sug-
gested as optimal.

Since the overflow tailings are finer than typical gold
slime and of a higher moisture content, it was considered
necessary to investigate the influence of those differences
on the operation and stability of slimes dams built from
cyclone overflow. This paper describes an investigation
undertaken to define the parameters that are required for
both a qualitative and a quantitative assessment of the
influences on operation and stability. Tests were con-
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ducted on overflow from a single-stage cyclone plant.
Finer material can be expected from three-stage plants,
and this requires further investigation.

A Rationale for Stope Backfilling
The justification for stope backfilling may be found

in one or more of the following factors:
(a) a reduction in stope closure,
(b) increases in safety levels,
(c) a reduction in ventilation costs,
(d) reduced support costs,
(e) a reduction in fire hazards,
(t) a reduction in rock bursts, and
(g) a reduction in the magnitude of seismic events on

surface.

The relative importance of these factors has not yet
been clearly defined. However, there is overwhelming
evidence that stope back filling will provide not only for
more economical mining but for increased levels of safe-
ty, and hence a decrease in accident losses. The strongest
motivating factor is perhaps that of economics, and in
this regard there may be significant savings in the energy
required for ventilation and cooling purposes.

Although an improvement in safety levels and a reduc-
tion in lost shifts cannot be readily quantified, it has been
shown in pilot-scale work that mining in hitherto very
difficult ground can be made relatively safe and consider-
ably cheaper by the introduction of backfill as hanging-
wall support. Hangingwall support that reduces stope
closure is also likely to bring about a reduction in the fre-
quency and magnitude of seismic events experienced on
surface.
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The increased severity of seismic events being ex-
perienced on deep-level gold mines has for some time been
a cause for concern. The magnitudes have reached a level
at which damage is being inflicted on most brick and con-
crete structures on surface, and alternative construction
methods, which are more expensive, are being considered.
If stope backfill were to reduce seismic activity, these ex-
pensive measures could be obviated.

Preparation of BackfiII Material
Backfill material is prepared from the tailings of metal-

lurgical processes, which comprise inert rock flour with
particle sizes ranging from about 200 /Lm to less than
2 /Lm. Typical particle-size distributions are given in
Fig. I. The tailings are mixed with water at a ratio of be-
tween I and 3 t of water per ton of dry solids. The relative
density of these mixtures ranges from as high as 1,5 to
as low as 1,2, depending on the type of extraction pro-
cess involved.

Since it is advantageous to provide a free-draining
material for support, the coarse fraction of the tailings
has to be separated from its fine fraction. The technology
required to do this has been improved by pilot-scale ex-
periments throughout South African mines. The best
method of separation has been found to be cycloning,
and single-, double-, and three-stage cycloning plants
have been used.

The feed to cyclones must have a relatively high
moisture content. A ratio of water to dry solids of be-
tween 3,5 and 4,0 to I by mass has been found to work
well. The under flow, or coarser portion of the split, com-
prises a material that has a ratio of water to solids of
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Fig. 1-Particle-size dis-
tribution after cycloning

10 100

GRAVEL

about 0,6: I by mass. The relative density of the underflow
is typically about 1,6. Although higher densities may be
desirable, pumping of the coarser fraction becomes a
technological problem at relative densities of more than
approximately 1,65. For this reason, 1,6 probably repre-
sents a practical maximum relative density, and further
dewatering is considered to be unpractical.

The overflow from a cyclone plant comprises the finer
fraction at a very high moisture content. The ratio of
water to solids may now be as high as 6 t per ton. It is
from this overflow that the tailings dam must be con-
structed. Clearly, the difficulties associated with the con-
struction of tailings dams consisting of slime of high
moisture content, and the influence of the finer fractions
on the operation and stability of the dam, must be given
careful consideration.

Definition of the Problem
As previously stated, the effects of the high moisture

content and fine grading of the tailings overflow from
stope-backfill plants must be investigated before conven-
tional sHming can be carried out. Since the operation of
slimes dams relies heavily on empiricism and experience,
the definition of constraints is not a simple matter.

In order to define the problem, the author undertook
a pilot investigation in which samples of overflow were
tested in flumes, the operation of a slimes dam being
studied in a qualitative way. Actual conditions on a slimes
dam were simulated so that samples of the deposited
material could be obtained for laboratory testing.

In view of the possible effects of the high moisture con-
tent and the fineness of the tailings, the following criteria



were established.

Operational Criteria
(1) The drying time of the tailings must be short enough

to facilitate conventional construction.
(2) The plasticity and shrinkage properties of the material

must be such as to permit the construction of an im-
pervious outer bundwall.

(3) The degree of drying before packing must be such
that shrinkage after the deposition of subsequent
layers is not sufficient to crack the outer walls and
cause piping failures.

(4) The influence of the higher moisture content on the
cycle time must be taken into account and the rate
of rise reduced in order to provide sufficient time for
the tailings to desiccate and gain strength.

(5) The surface of the tailings must become accessible for
wall packing within a short enough period for the re-
quired rates of rise to be achieved.

Stability Constraints
(a) The shear strength of the deposited material in the

zone around the outer wall should be sufficient to
maintain the overall slope stability.

(b) The ratio between vertical and horizontal permeabili-
ty should not be altered significantly.

(c) The phreatic surface should not be recharged ex-
cessively from the sliming operations, Le. the cycle
time, and hence the rate of rise, must be reduced suf-
ficiently to prevent recharge of the phreatic surface.

Testwork
The two flumes, which were each 10 m long, 400 mm

deep, and 400 mm wide, are shown in Fig. 2. The flumes
were used for the simulation of sliming using normal
slime, overflow slime, and thickened overflow slime. For
comparative purposes, identical tests were conducted in
the two flumes. This was done since it was recognized
that the flumes might not model in situ conditions.

Slime was mixed in a grout paddle mixer, and pumped
into the head of the flume at the required moisture con-
tent. Layers of approximately 100 mm were deposited at
intervals of approximately 14 days. Supernatant water
was decanted from the lower end of the flume.

Throughout the cycle, the moisture content of the sur-
face of the slime in each flume was measured. Fig. 3 gives
the results of these measurements. Observations were also
made of the cracking and drying characteristics, and the
rainfall and evaporation rates were measured.

Prior to the deposition of subsequent layers, undisturb-
ed and disturbed samples were recovered from various
points within the flumes. These samples were subjected

Fig. 2- The two test flumes
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Fig. 3-Surface moisture (first deposit 26th July, 1985; second deposit 13th August, 1985)

to laboratory tests on the following parameters:

. Atterberg limits (liquid limit, plasticity index, and
shrinkage)

. Particle-size gradings

. Shear strength

. Density in situ

. Shear strength

. Permeability.
The test results and observations made during the

placement in the flumes were used to arrive at a qualita-
tive assessment of the 'slimeability' of the overflow. In
addition, direct measurementsof properties such as those
listed above were used to establish whether any con-
straints on stability would be created.

Tables I to V give the various properties measured in
situ and in the laboratory.

The Effect on Operation
The test results show that the drying time is influenced

by the initial moisture content. This finding is consistent
with other similar tests1 in which it was found that the
drying rate for identical samples in the same flumes and
of different moisture contents dry at about the same rate.
However, the time to reach optimum packing moisture
contenf was found to depend on the initial moisture
content.

The results presented in Fig. 3 suggest that the drying
times are significantly influenced by grading since segre-
gation occurred along the beach. It can be seen that the
drying times are shorter for overflow slime than for
normal slime, which is coarser. The time to reach a cer-

tain moisture content is therefore probably more signifi-
cantly influenced by the initial moisture content than by
the grading.

There seems to be some confusion regarding the relative
importance and influence of moisture content and grading
on the slimeability of a gold slime. It is the author's con-
tention that, below particle sizes of approximately 200 ILm
and for relatively uniformly graded tailings, the moisture
content plays a far more significant role in the sliming
characteristics and operational constraints on the tailings
dam3. The fundamental background to the proposition
lies in the influence of the beaching angle and cycle time
on the operation.

The beaching angle and the consistency of this angle
determine the ability of the slimes-dam operator to create
and maintain freeboard. A high moisture content implies
a low beaching angle (Fig. 4), and hence difficult condi-
tions in establishing freeboard. With low beaching angles,
overtopping by stormwater becomes a serious problem
since beach freeboard does not contribute significantly
to the total freeboard on the tailings dam. Any variation
in beaching angle gives rise to difficulties where the
freeboard is low. Pool control is also complicated by low
beach slopes.

Further, a high moisture content necessitates a reduc-
tion in the allowable rate of rise3.

If a reduction is not made, two effects come into force.
The first of these is that the sliming contractor is forced
to pack at a higher moisture content than would be
desirable. This gives an outer wall that can dry out further
and crack. The cracks become a path for water and slime
to pass through the wall, and cause piping and erosion
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Thickened overflow slime Normal slime

Concn Concn Mass Concn Concn Mass
by by Rela- of by by Rela- of

Date of mass vo!. tive mixtur mass vo!. tive mixture
deposition "la % density % % % density %

26th July,
1985 32,0 16,6 1,253 213 21,0 8.9 1,153 377

13th August,
1985 36,8 20,4 1,303 172 19,2 8,4 1,138 421

Thickened overflow
slime Normal slime

Parameter Midway Penstock Midway Penstock

Relative density 2,71 2,73 2,71 2,73

Natural moisture con-
tent, % (by mass) 5,63 48,63 12,57 55,73

Bulk density, kg/m] 1330 1680 1253 1626

Dry density, kg/m] 1259 1130 1113 1044

Void ratio 1,152 1,416 1,435 1,615

Degree of saturation,
% 13,2 93,8 23,47 94,21

Air voids, % 46,5 3,6 44,5 3,6

Saturated density,
kg/m] 1796 1716 1702 1662

Thickened overflow Normal slime
slime, m/s x 10-8 m/s x 10-8

Pressure
kPa Midway Pen stock Midway Penstock

50 4,0 2,4 5,7 3,0
125 3,1 1,7 4,1 2,3
250 2,3 1,3 3,0 1,8
500 1,8 0,94 2,2 1,6

Thickened overflow
slime Normal slime

Position C', kPa <1>',degree C', kPa <1>',degree

Discharge end 16 32,3 19,5 33,9
Midway 0 29,6 11 27,8
Penstock 0 30,4 2 29,9

TABLE I
PHYSICAL PROPERTIES OF THE SLURRY

TABLE II
IN SITU GEOTECHNICALPROPERTIESOF THE SLIMEAFTERTESTING

damage. Although in its less severe form the problem can
be controlled by an increase in the labour input, increas-
ing difficulties will be experienced. In the longer run, the
outer wall may crack to significant depths during extreme-
ly dry periods. This may result in major erosion damage,
which is extremely expensive and difficult to repair. As
shown in Table V, the shrinkage of the normal slime was
similar to that of the overflow. However, this may not
be true for much finer material as may be produced by
a three-stage cyclone plant.

The second problem that may be experienced with
slimes of a high moisture content is that, where the
allowable rate of rise is not reduced, the phreatic surface
is recharged from outside the pool area. This results in
an increase in elevation of the phreatic surface, and hence
a decrease in the factor of safety against overall stabili-
ty. Furthermore, if drying and cracking from desiccation
are not permitted, the ratio of horizontal to vertical
permeability is also likely to increase. This in itself would
have the effect of raising the phreatic surface and adverse-
ly affecting the stability.

For relatively minor changes in the grading of the tail-
ings, particularly where the tailings comprise inert
material, the effect of the grading on the beaching is not
significant. Within the ranges of particle size created by
cycloning, the shrinkage of the slime is not enough to be

TABLE III
PERMEABILITY OF THE SLIME

TABLE IV
SHEAR-BOX TEST

TABLE V

RELA TIONSHIP BETWEEN MOISTURE CONTENT AND SHRINKAGE

Shrinkage, %

Moisture content
% Overflow slime Normal slime

10
20
30

0,00
1,33
3,33

0,00
1,00
3,67

of major concern. However, significantly finer slime may
require longer periods to reach the same moisture con-
tent as that of coarser material. This does have an in-
fluence on the operation of tailings dams. As previously
mentioned, slower drying times imply the need for a
reduction in the allowable rate of rise. If this reduction
is not made, the difficulties mentioned previously will
arise.

Influence on Stability
The shear-box test results show that the shear strength

of slime is not significantly influenced by the changes in
grading occasioned by separation in a cyclone plant. It
is believed that the degree of separation and relative
change in uniformity are not large enough to decrease
the shear strength significantly.

It is possible, given the finer grading of the overflow
product, that the negative pore pressure that will be
established within the partially saturated outer wall would
be greater. The degree of over-consolidation, and hence
apparent shear strength, of the partially saturated zone
could therefore be greater than for conventional slime.
However, the partially saturated zone seldom controls the
stability of tailings dams, and this factor is therefore not
of major significance. Since the majority of gold and
uranium tailings dams fail through local sloughing of the
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Fig. 4-Beaching angle versus relative density (referred to above as 'specific gravity')

SPECIFIC GRAVITY OF SLURRY

toe of the dam or through saturated zones, the fully
saturated shear strengths must be considered to establish
lower bounds on the shear strength. In this instance, the
average shear strength for both overflow and normal
slime is typical of the results from many similar tests
undertaken on normal gold slime.

The test results given in Table III also indicate that the
permeability is less significantly affected by separation
than would perhaps be thought at first examination. It
would appear that the presence of the fine portion in both
the overflow and the normal slime control the permeabili-
ty. Since this fraction is not significantly influenced by
the cycloning operation, the permeability can be expected
to be similar.

Modification of Overflow Product
As previously stated, it is the author's contention that

the moisture content of overflow has the single largest
influence on its slimeability. Sliming with the overflow
could therefore be possible at lower rates of rise. If lower
rates of rise cannot be accommodated, it may be neces-
sary to dewater the tailings before they are dispatched
to the slimes dam.

Some form of thickening plant would be required to
dewater the tailings. In this regard, preliminary feasibility
studies have shown that thickening to a relative density
of 1,35 (a water-to-solids ratio of 1,7: 1 by mass) is tech-
nically feasible and economically justifiable. However,
the capital and operating costs of thickeners are high and,
before any decision is made to adopt thickening, the
following alternatives must be considered:

46 FEBRUARY 1988 JOURNAL OF THE SOUTH AFRICAN INSTITUTE OF MINING AND METALLURGY

(1) to provide additional sliming area and thereby drop
the average rate of rise,

(2) to produce backfill material only during night shifts
and build the outer walls of the slimes dam with
normal slime.

The author is of the opinion that the first alternative
is feasible and represents a workable option. The costs
of additional land and piping, and the establishment costs
of a new tailings dam are high, and hence the second op-
tion may be considered. Clearly, if stope-back fill material
is required for 24 hours of the day, storage facilities will
have to be provided. The control and technological prob-
lems associated with this have yet to be resolved. In ad-
dition, the finer centre portion of the slimes dam is like-
ly to have different permeability characteristics from
those of the outer wall, and in this configuration small
differences would influence the location of the phreatic
surface quite significantly. Further investigational work
is required to establish the influence of this option on
stability.

Since the permeability must be less and not greater than
that of normal slime, the deposition of overflow on an
existing dam will give rise to a drop in the phreatic sur-
face. This could therefore mean that the dam could
become relatively more stable.

Pumping of the coarser under flow at a low moisture
content represents a new technology, and the associated
problems must be recognized. Settlement, blockages, and
increased abrasion resulting from the low moisture con-
tent and larger particle size are likely to be significant



Fig. 5-Water consumption (in cubic metres per ton of residue)
versus relative density (referred to above as 'specific gravity')

of tailings
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problems. However, initial testwork shows that the
cycloned underflow can be pumped at an optimal velocity
where friction losses are lower than those of mixtures of
higher moisture content.

Water Balance
Stope back fill will not have a significant influence on

the overall water balance if the relative density of the nor-
mal residue does not have to be altered in order to pro-
vide feed to the stope-backfill plant. For most uranium-
plant tailings, the relative density is about 1,2. The ideal
relative density for the feed to single- or multiple-stage
cyclone plants is probably about 1,18.

The average relative density of the tailings from a gold
plant may vary from 1,4 to 1,5. It would therefore be
necessary to add a significant volume of water to create
a product that could be cycloned efficiently. In this case,
the relative density of the overflow would be significant-
ly lower than that of the feed, and hence a major change
in the overall water balance could be expected.

A third major influence on water balance is that of
thickening. The water losses on slimes dams depend on
the absolute volume of water, and hence the relative den-
sity of the tailings that are pumped to the dams. If
thickening is undertaken at metallurgical plants, the water
consumption would be reduced, although it is unlikely
that thickening to a relative density of 1,45 would prove
to be economical.

Fig. 5 shows the water consumption of a metallurgical
plant based on measurements taken at slimes dams on
the West Rand. The consumption for very low relative
densities can be obtained by extrapolation beyond the
limits of the data used in the construction of the diagram.
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The actual water consumption would be affected by
the volume of water recovered from the underground
backfill. If the mine is a net producer of water, a further
0,3 t of water per ton of backfill could be recovered from
underground.

Conclusions
The testwork and observations have led to the follow-

ing conclusions for single-stage cyclone overflow. How-
ever, it must be remembered that these conclusions are
based on tests that were conducted on the slime from only
one mine. It is therefore recommended that, until such
time as a wider range of data becomes available, testing
should be conducted for each individual case.
(1) Overflow slime from a single-stage cyclone can be

disposed of in a conventional slimes dam provided
that the rate of rise is reduced sufficiently. However,
operating difficulties should be anticipated.

(2) The stability of the dam is not likely to be significantly
influenced by the fine particle size of the tailings
overflow from single-stage cyclones.

(3) If tailings of low relative density are to be disposed
of, the rate of rise should be reduced in accordance
with the recommendations given by W ates3. (Fig. 6
refers.)
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(4) If it is considered undesirable to provide additional
sliming area so as to reduce the allowable rate of rise,
thickening can be introduced to increase the relative
density of the overflow slime.

(5) Alternatively, the stope-backfill plant could be oper-
ated only during night-time hours, and the outer walls
of the slimes dam could be built conventionally
during day-time hours. However, further investiga-
tions are required to establish the effect on the
phreatic surface.

(6) The overall water balance for the metallurgical pro-
cess is likely to be affected by stope back filling. The
magnitude of the effect depends on whether the over-
flow tailing is thickened and on the relative density
of the residue from the metallurgical plant.

(7) The effect of further separation by multiple-stage
cycloning must be investigated before it is assumed
that conventional tailings-dam construction can be
implemented.

(8) Pilot-scale studies on existing slimes dams are re-
quired to confirm the assessments given in this paper.
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Electra Mining '88
The South African Institute of Mining and Metallurgy

(SAIMM) has signed an agreement with trade exhibition
organising specialists, Specialised Exhibitions, confirm-
ing its support of Electra Mining '88.

The agreement was signed by Mr Ben Alberts, SAIMM's
President, and Mr Howard Pen, chief executive of
Specialised Exhibitions, on 1st December, 1987, at Iscor's
Pretoria head office. This makes the SAIMM a major
sponsor of Electra Mining '88.

Since its debut in 1974, Electra Mining has been regard-
ed as one of the top three international mining exhibi-
tions. Electra Mining takes place every two years, and
is the biggest and most effective trade show of its kind

in the southern hemisphere.
'Not only does Electra Mining fill a valuable role, but

there is a specific need for this exhibition,' says Mr
Alberts. 'It is also our opinion that Electra Mining is the
ideal base for our symposia or colloquia, which we run
at the same time as the exhibition. After researching into
the viability of holding our colloquia concurrently with
Electra Mining, we have found it worth while to do so
and that the two activities complement each other. As
an institution disseminating information to the mining
community, we have also found that we are reaching our
target audience.'

Mr Howard Pen (left) and Mr Ben Alberts after signing the agreement
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