
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


The Impoundment of Tailings by the Mining Industry in Zimbabwe

La Rétention de la Flottation des Résidus de Lavage des Minéraux en Zimbabwe

6/13
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SYNOPSIS The impoundment of tailings, the waste produce from the mining industry in
Zimbabwe, has become an engineering issue requiring assessment in terms of the safety of the 
structures, the cost impact on the industry and the impact on the environment during the life of 
the mine and thereafter. The control of construction by monitoring of the geotechnical and 
hydraulic factors has been undertaken and has paid dividends in terms of reduced costs, fewer 
failures and acceptable environmental impact. The paper relates laboratory test results to field 
observations and structural behaviour.

INTRODUCTION

The growth of the mining industry in Zimbabwe 
is steady. It is largely attributable to 
improved extractive techniques which lead to 
the economic processing of progressively lower 
grade ores and also to improved engineering 
methods in mining and transportation of the 
ores. The volume of milled waste materials is 
increasing rapidly as a result. The impact on 
the environment is accelerating and this is 
coupled with increased public awareness, 
greater population pressures on land and 
competition for it. This is enhanced by the 
fact that good agricultural land and mining 
locations are most usually located on the same 
rock types, due to the widespread occurrence 
of soil in Zimbabwe which is derived from 
decomposition of the underlying country rock.

While water is not yet a limiting resource for 
development in Zimbabwe its procurement on the 
scale required by a large mine is a factor to 
be carefully considered. Many mines at depths 
of 1 0 00m or more are relatively dry. The 
seasonal nature of the rainfall makes the 
provision of storage reservoirs a necessity. 
These usually take the form of large dams on 
rivers and additonally require the provision of 
high lift pumps and water treatment plants.
A considerable proportion of water used is for 
the flotation processes and the conveyance of 
the tailings wastes to the point of disposal. 
The return and re-use of the water used in 
this portion of the process is desirable and 
becomes a significant design factor.

The study of mine tailings in South Africa from 
the civil engineering aspect was first launched 
in 1953. This study by the N.B.R.I. was 
promoted by their Chamber of Mines and 
publication of the results by Donaldson 1959, 
1960 and 1965 set a basis for geotechnical 
design and research. Further research by 
Blight 1967, 1968 and 1969 with reference to 
refined investigation techniques with respect 
to in situ testing,site observations and site 
instrumentation carried the work in Southern 
Africa further forward. Since this time there

have been a number of symposia Tucson 1972, 
Johannesburg 1973 and 1978.

In Zimbabwe investigations of a similar nature 
to those made in South Africa have been carried 
out and monitoring of performance has been 
continuing over a period of ten years. This 
paper aims to update previously published 
information, Mackechnie 1975, and disseminate 
it more widely.

PREPARATORY PLANNING

Too often this is largely neglected and decisions 
made in haste as elsewhere produce repentance at 
leisure. Ideally, the location of tailings dams 
should be beyond the area of foreseeable 
underground mining activity. Consideration 
also should be given to topographical features. 
Construction on a relatively flat site may have 
operational advantages compared with a hillside 
slope but the visual impact on the environment 
on a flat site can be more marked and may 
mitigate against its use. Pumping tailings and 
returning recovered water by gravity or 
delivering by gravity and returning recovered 
water by pumping must be weighed up for each 
individual project. Pump and pipe types, 
boosting stations and/or break pressure tanks 
must be considered, and generally are 
satisfactorily planned, but site investigation 
of the proposed dam seldom proceeds beyond 
consideration of topography, and an assessment 
of the implications of mining milling and 
disposing of the waste likely to be produced by 
the known ore reserves. The first plea is thus 
for a thorough site investigation of the under
lying foundation on which the tailings dams are 
to be constructed.

Starting a dam is always a time for concern, 
having to impound fluid tailings generally 
using the tailings themselves for a large 
proportion of the initial embankments. Soils 
in the vicinity of mining activity in Zimbabwe 
tend to be relatively fine grained and relatively
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impermeable. The use of such soils for starter 
dykes is often mandatory and probably is of 
relatively little importance where these dykes 
represent the ultimate downstream toe of the 
structure. However, where overburden pressures 
are high beneath the centre of the structure, 
and where moisture is abundantly available, 
consolidation will occur and permeability will 
reduce still further and stability can suffer as 
a result. Excepting for the mining processes 
in which such sealing of the base is desirable 
to prevent leaching and possible contamination 
of ground water resources, such lack of 
attention to detail and planning should not be 
condoned. Even in these latter cases, it is 
preferable to provide downstream return channels 
to collect water seepage and to provide sealed 
cut-offs below these channels to prevent 
contamination. Generally, such impermeable soils 
are shallow and are underlain by far more 
permeable strata, and while it seldom, if ever, 
is economic to remove the entire layer of 
permeable soil, very marked benefits can flow 
from a complete perimeter toe drain, and a 
planned drainage system at base level in the 
form of trenches filled with mine dump rock.
Mine dump rock is suitable for the bulk of such 
drains, but a designed filter system to prevent 
clogging with tailings is necessary. It is 
particularly advantageous to plan such a drain
age system to provide drainage from the central 
base area of a dam constructed as a pyramid on 
relatively flat ground. This is because the 
centre is the pond area and the area of 
deposition of the finest tailings or slimes as 
opposed to the sands. Preplanning here is of 
particular importance with respect to the size, 
bedding, geometry and construction of the drop 
inlet spillway, particularly in relation to 
gross surface area and ultimate height, which 
factors will be considered in more detail 
later.

It has been found that careful control of the 
product determined by the efficiency of the 
flotation process can give a reasonably 
consistent pulp. Pulp densities in controlled 
conditions can reach 50 to 55% as indicated by 
Forbes 1975. Pulp density being percentage by 
weight of solids to total pulp. This is 
dependent on thickener tanks being used which 
is now normal practice and the system operating 
to specification. Checks show that pulp 
densities can vary considerably even with the 
thickener as control and can reduce to 30 to 
35% in some instances emphasising the need for 
water return.

Inevitably the spiggoting system produces 
variations in flow which result in an 
anisotropic material being deposited on the 
beaches of the upstream system in particular. 
Investigation shows that this also relates to 
the degree of control which can be maintained 
and that a consistent product will have layers 
varying in permeability by a factor of less than
10, whereas poor control producing wide 
fluctuations can result in variation in coefficient 
of permeability of up to 100 tines.

The presence in solution of flotation chanicals in the 
water oonveying the pulp has been found to be a

significant cost factor which warrants the return of as 
much of the process water as can be arranged.

TAILINGS AS AN ENGINEERING MATERIAL

Uie extractive process obviously dictates the 
particle size to which the ore is ground and 
the nature of the ore itself the actual 
properties. Processes for copper and nickel 
with which the writer has been primarily con
cerned generally produce silt sized material 
with very little clay, and a moderate percentage 
of sand sizes. Examination under the 
microscope shows these particles to be small 
rock fragments with good frictional properties. 
Drained angles of internal friction <t>° are 
good with values ranging from 29° to 42°.
Details of such tests are given in Table 1.
As would be anticipated, crystalline and 
arenaceous parent rock types tend to give 
higher values of <J> °, than do sedimentary 
argillaceous rocks. Cyclone separation of 
tailings into fine, medium and coarse fractions, 
followed by laboratory investigations, indicated 
that the angle of internal friction tends to 
reduce slightly as anticipated with reduction in 
particle size. There appears to be little 
significant difference in the fine and medium 
tailings and for the particular source no point 
in attempting more than one separation into 
coarse and fine fractions. The cyclone process 
thus appears to achieve efficient classification 
into fine (silt and clay), and coarse (fine 
sands) only; both products being of very 
similar characteristics, save for a difference 
in particle size and particle size dependent 
characteristics such as permeability, rate of 
consolidation and settlement from suspension.

The uniformity of the above results has been 
criticised by Forbes 1975 and the point is 
taken that they represent controlled products 
if not ideal products. In the interim work 
has been carried out on tailings impoundments 
which have been built in a random manner with 
little control of the product and its placement 
resulting in significant variations in grading. 
The mine produces phosphates and the tailings 
previously placed in the dykes were found to 
vary considerably from point to point and even 
within short distances at each point. Table 2 
gives the details of these variations in 
particle sizes.

The overall effect is that the finer samples 
approach the current norms which are also 
quoted in Table 2 for typical iron ore wastes, 
copper/nickel and gold mine tailings. In 
determining shear strength parameters vane tests 
are normally employed in the field and triaxial 
tests in the laboratory. While undisturbed 
sampling can be successful for triaxial tests 
it does present difficulties during construction. 
The most successful technique developed to date 
has been to form samples in the triaxial sand 
former with filter paper side drains placed 
within the membrane and to feed dry tailings 
through water in the former stirring the 
suspension to eliminate bubbles and mounting 
the samples under a small negative pore water 
pressure before normal isotropic consolidation.
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Mine
Tailing
Type

ccu
kPa

<t> ° Tcu
c 1
cu

kPa

<t> ' 0 
Ycu Gs

Sand
%

Silt
%

Clay
%

Yd
kg/m3

A General 0 42 0 42 2,64 60 35 5 1760

A General 50 36 40 36 2,64 55 39 6 1670*

B Coarse 55 34 0 36,5 2,70 60 37 3 1720

B Fine 60 29 0 31,5 2,76 6 84 10 1520

c Coarse 68 38 0 40 2,69 75 23 2 1630

C Mixed 70 32 0 36 2,70 30 63 7 1650

C Fine 15 36 0 36,5 2,69 20 73 7 1630

D General 40 37,5 0 41 2,70 37 55 8 1720

E General 35 39 0 40 2,69 50 43 7 1630

F General
one

15 30 0 35 2,91 55 42 3 1730*

F General
two

15 32 0 35,5 2,93 35 59 7 1740*

G
Mixed 
at 3m

20 30,5 0 38 2,70 28 67 5 1725*

H Mixed 10 40 0 41 2,94 24 72 4 1805

I General 10 36 0 0 2,87 69 28 3 1366

J General 50 36 0 44 2,76 58 34 8 1642

* Indicates undisturbed samples 
Others remoulded.

TABLE 1
Triaxial Test Results for Tailings.

Samples tested, saturated, normally consolidated and undrained.

Position Coarse
Sand

Med
Sand

Fine
Sand

Coarse
Silt

Med.
Silt

Fine
Silt

Clay

South West 1 30 36 26 5 2 0 1

South West 2 3 32 44 12 6 1 2

North East 7 7 48 33 8 2 1 1

North East 10 0 19 57 16 3 3 2

North East 3 37 38 20 1 1 2 1

North East 5 2 25 40 15 9 5 4

Iron 0 0 24 36 30 6 4

Copper
Nickel

2 8 54 18 8 4 6

Gold 0 9 41 22
9

10 9

TABLE 2
Variation in Grading of Tailings.
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Donaldson 1965 slurry technique was also 
employed but the former method was preferred 
and generally adopted.

Shear box tests were also carried out and gave 
results which were concordant with the triaxial 
results where similar drainage conditions 
applied.

Permeability is possibly the most fundamentally 
important characteristic of tailings and 
deserves particular consideration. In the 
normally consolidated state k (Darcy's 
coefficient) is usually of the order of
1 x 10_6m/sec at low values of effective stress 
dropping to 10-7m/sec at higher values due to 
consolidation. Jennings 1978 stressed the 
need to consider the finer lenses which result 
from the cyclic nature of the deposition 
processes and showed tailings at Impala Mine 
which contained thin layers with up to 50 
percent of material of clay size.

Investigation to date in Zimbabwe shows that 
the finest material in thin lenses affecting 
the stability of the impoundments contain only 
20 to 25 percent of clay sized particles and 
the norm is usually from 10 to 15 percent only.

Table 3 gives the permeability of a number of 
selected samples of tailings.

Mine Tailing

Type

Darcy's k 

m/sec

Testing

Conditions

Testing

Methods

A General 1,9 x 10-6 Undisturbed 

Normally 

consol.

Falling head

A General 1,1 x IO-6 Remoulded

Normally

consol.

Falling head

C Coarse 2,4 x 10-6 

1,7 x 10-6

Consol.150kPa 

Consol.400kPa

Falling head

C Mixed 3,0 x 10-8  

2,7 x 10~ 8

Consol.150kPa 

Consol.400kPa

Falling head

c Fine 3,0 x 10~8 

2,9 x 10-8

Consol.150kPa 

Consol.400kPa

Falling head

c Mixed 5,5 x 10~7 

6,7 x 10-8

Consol. 50kPa 

Consol.400kPa

Oedometer 

Consolidation

c Fine 2,8 x 10-7 

3,4 x 10-8

Consol. 50kPa 

Consol.400kPa

Oedometer

Consolidation

G Coarse

layer

3,0 x 10-6 Undisturbed 

at 9m.

Falling head

G Fine

layer

9 x IO- 7 Undisturbed 

at 5m.

Falling head

TABLE 3

Overall Permeability Test Results for Tailings.

It is of interest to note that normally con
solidated tailings are dilatantmaterials under 
both triaxial and plane shear conditions. This 
led to an investigation of critical density and 
critical relative density for the purposes 
of comparison with material in the field. The 
range of dry density from the loosest possible 
state 1400 kg/m3 to maximum compacted density 
of, say, 1760 kg/m3 is relatively small, and 
in situ densities are generally found to be 
close to 1600 kg/m3 at low overburden pressures 
near the surface or at relative densities of

55 per cent to 60 per cent, which is generally 
slightly higher than critical density. Typical 
values of critical density are quoted in 
Table 4.

Mine Tailing

Type

Critical Density 

Range kg/m2

Critical Void 

Ratio Range

Specific 

Gravity Gg

C Coarse 1500-1550 0,80-0,72 2,69

C Mixed 1500-1520 0,80-0,79 2,70

c Fine 1490-1510 0,80-0,78 2,69

B Coarse 1510-1550 0,74-0,79 2,70

B Fine 1380-1415 0,96-1,01 2,76

TABLE 4

Assessment of Critical Density (or Void Ratio) by 
Shear Box 

IN SITU INVESTIGATIONS

The approach to this has been by a combination 
of vane testing and triaxial compression 
testing, using hand auger implements above the 
phreatic line. The sampling of tailings by 
normal thin walled tubes pressed into the base 
of the progressively deepened auger hole, has 
proved feasible and the results obtained are 
compatible both with vane shear tests and 
anticipated shear strength developing on the 
assumption of normally consolidated conditions. 
Below the phreatic line, continuous sheathed 
vane testing appears to be worthwhile, but the 
risk of sample disturbance is high and results 
are often of doubtful value.

Close the the surface there is undoubtedly some 
benefit derived from desiccation and its 
attendant suction pressures. Subsequent 
rewetting, however, tends to reduce these 
increments to the order of half their original 
value, and this is attributed to the normally 
anticipated hysterisis effects of the 
consolidation, over consolidation, and 
reconsolidation cyle to which the tailings are 
subjected in the field.

Where seismic activity is low and construction 
techniques are carefully controlled, the 
tailings desposited on the beach areas of dams 
generally appear to approach a normally 
consolidated state very closely, and above the 
phreatic line there is the added bonus of 
stability created by desiccation and negative 
pore water pressures. The pleas from various 
others concerned with tailings dams to reduce 
permissible side slopes for ease of access, 
efficiency of vegetating, and erosion protection 
have their merits and, withii) the limits of 
attainable efficiency in construction, it is 
preferable to concentrate of efficiency in 
placement rather than on approaching as 
closely as possible to the maximum side slopes, 
heights and rates of raising regardless of 
technique. However, economics will always 
dictate as efficient a procedure as is 
compatable with safe and satisfactory operation, 
and here, as elsewhere in dam engineering, the 
design-as-you-go approach backed by field 
instrumentation, has much to commend it.

Fig.l shows typical results of the investigation 
of the shear strength developed in a single 
profile, of a typical dam in Zimbabwe.
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V A N E  S H E A R  ST R E N G T H  IN  Kl L O P A S C A L S  

O  S O  IO O  150

Fig.l - Vane shear strength profiles 

for four points on the cross section 

of a tailings dam.

CONSTRUCTION TECHNIQUES IN ZIMBABWE.

A series of major dams has been built on 
sidelong ground either side of a stream with 
upstream construction associated with 
paddocking of the walls to keep these raised 
marginally in advance of the beach.

The most usual technique in Zimbabwe is by 
upstream construction usually involving 
spigotting of the run-of-the-mill tailings 
without any separation by cycloning or 
variation in mill output. The object of 
spigotting is to take off flow at a large 
number of points and discharge away from the 
wall in a uniform sheet of flow upstream of 
the wall but obviously downhill within the 
dam to form a beach of sands with the coarsest 
deposited closest to the wall and the finest 
carried in suspension to the pond upstream or 
at the centre, where the clear water after 
settlement of the majority of the tailings, is 
decanted and returned to the process by a thin 
laminar form of flow over the decant weir 
which is progressively raised to maintain 
these conditions. This operation, however, is 
neither uniform nor is the tailing product 
completely consistent, and lenses or layers of 
fine tailings are deposited close to the wall 
in many instances. The object should be to 
keep these defects to a minimum. The practice 
of paddocking to maintain freeboard and thus 
some drainage of the immediate wall area has 
distinct advantage and is considered good 
practice. It generally means deposition of fill 
in layers a few centimetres thick and the 
settlement of tailings in such progressive 
lifts does give a horizontally stratified 
classified effect with sand silt and clay 
layers alternating.

The current objections to upstream construction 
on the international scene appear to be to a 
very large extent concerned with the possibilit; 
of an interdigital formation of sand and clay 
layers in the critical zone of the upstream 
face of the dam and the fact that, with 
increase in height and provision of berms, the 
upper lifts move progressively further onto 
finer tailings which may not be fully 
consolidated and thus can develop high pore 
pressures and be likely to fail in shear or to 
produce differential settlements followed by 
piping or even liquefaction failures 
particularly where seismic or vibratory shock 
can occur. While every type of tailings and 
every operation must be considered on its own 
merits, the need to consider altering to 
downstream construction or even to compromise 
with some form of centre line construction, doe; 
not appear to be economically warranted in the 
Zimbabwean context and climatic conditions, 
provided that control of construction 
and pride in the efficiency of this work is 
maintained at its current level. It should be 
noted that the centre line and downstream 
techniques usually involve separation of the 
tailings into coarse and fine fractions, and 
also generally require compaction of the fill 
to some extent by vibratory rollers or at 
least by traffic during construction, which is 
expensive. The importance of a downstream 
drainage layer or toe, no matter which of the 
three forms of construction is chosen, will be 
very obvious and it is usual and very logical 
to provide complete underdrainage or finger 
drainage in the centre line and downstream 
methods.

Rates of construction are related to ultimate 
height in terms of time required for 
consolidation and drainage facilities, 
particularly that of the base or foundation. 
Proposals made by Blight 1969 in this respect 
appear appropriate for Zimbabwean conditions, 
and construction on some sites is proceeding 
at the maximum rates recommended of up to 6m 
per annum. Some minor in-fillings between 
existing dams are proceeding at even higher 
rates, 8 to 10m per annum, and these have 
been completely successful. Monitoring of 
these and the adjacent main dams enabled 
construction to be halted when required, due 
to lack of consolidation or build-up of pore 
water pressure. However such delays did not 
in the event prove necessary.

FIELD MONITORING AND INSTRUMENTATION.

The use of simple piezometers to monitor the 
variation of the position of the phreatic line 
is considered to be of prime importance and 
such installations are being operated at a 
number of mines. More elaborate means of 
measurement of pore water pressures in the 
partially saturated zones above these levels 
may also be worthwhile. The amount of 
settlement occurring at various levels within 
the profile as the height of the dam is 
increased , has also been observed. The 
object was to investigate potentially critical 
failure surfaces by incorporating the 
piezometer and settlement beacons in advance, 
and monitoring movements and pressure changes 
with time. Such devices are simple to instal
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and operate. The only difficulty lies in 
ensuring that they are installed timeously and 
that they are available and maintained in 
working condition thereafter. This requires the 
continued interest and involvement of the 
management of the mine.

DECANT PENSTOCK OUTLET STRUCTURES

These are often the most neglected design 
feature and all too often the most critically 
important feature of a tailings dam on 
relatively level ground. It is not generally 
feasible to construct the outlet culvert at 
any other level than at original ground level 
due to the high likelihood of differential 
settlement of the relatively level portion of 
the culvert, if it were constructed on a 
foundation of tailings at a higher level 
within the structure. The outlet culvert has 
then to be designed and constructed to function 
for the useful life of the dam with a more 
than adequate capacity and factor of safety. 
Investigations indicate that the forces imposed 
on a culvert section can vary considerably due 
to high stress concentrations developing as a 
result of settlement along the sides relative 
to the surface. Some form of circular shape 
at least half buried below original ground, 
appears to be advantageous in this respect.

The penstock flow of water from normal place
ment is usually considerably lower than the 
stormwater run off when a design flood rainfall 
is experienced. The form of the vertical elbow 
in what amounts to a drop inlet spillway is 
seldom given any treatment to reduce friction 
losses, and for dams of say, 10 hectares, 
single drop inlet spillways of 900mm or less 
can approach critical conditions for surge 
vibration and possible collapse. The vertical 
column of the penstock should be designed as 
a free standing column subject to fluid 
pressures regarding the tailings as a fluid 
(p = 2,0), and the sizing should be that 
under conditions of maximum rainfall there 
is no possibility of the spillway system running 
full and thus surging. The inlet should 
preferably be designed to guard against block
ages by floating debris and to prevent the 
formation of a vortex. The dissipation of 
energy at the base of the vertical drop when 
ultimate height is reached must be allowed for. 
The advantage cf a twin system of two separate, 
but adjacent, penstocks has much to commend it. 
The correctly designed system for a large dam 
will usually require some form of stilling pool 
in the outlet system which can often be 
incorporated into the recovered water pump 
sump. On a steep sidelong or a sloping base, 
the penstock structures have to be successively 
moved up hill to keep the pond away from the 
wall building process. This, naturally, limits 
the maximum height of penstock and may very 
significantly reduce it. It obviously involves 
repeated construction of both penstock column 
and culvert, and may significantly reduce 
the maximum loadings on the individual units.
It also implies that the column may be founded 
in less uniform material and that pressures 
from the tailings may vary upstream to down
stream, but these effects are probably relatively 
insignificant. This type of construction 
requires penstocks to be abandoned, but they 
must still be capable of withstanding sub
sequent loading due to dam raising. There

seems to be particular advantage in making such 
abandoned penstocks capable of acting as internal 
drainage points by finishing them with a 
suitable plug of no-fines concrete and a 
designed drainage filter zone. This leads one 
to consider the installation of drainage zones 
as designed outlet features. A report on this 
type of outlet arising from the failure and 
filling of box decant structures has been 
reported. Provided these are designed and 
function to pass the design flows and are still 
economic propositions, they are perfectly 
acceptable. Cost will be the determining 
factor and supervision of construction will 
be critically important.

STORMWATER DESIGN CONSIDERATIONS

The effect of direct precipitation has been 
dealt with above so far as it affects penstocks. 
The average slope of the beach of a tailings 
dam is from 1 per cent to 2 per cent, and for 
the free standing dam even in the event of 
penstock failure, there is usually sufficient 
storage and dispersal due to infiltration and 
evaporation to make the structure adequately 
safe even under maximum rainfall. However, 
where hillside catchments can contribute,it is 
imperative to provide contour drains to cope 
with all foreseen flows rather than to have 
these contribute to the dam, and necessitate 
increase in size of the penstock and culvert.
Such diverted stormwater can be fed to the 
recovery system or direct to local streams.
The disposal of tailings underwater in a dam 
basin where the dam may itself be constructed 
of tailings is not unusual; the design 
procedure for handling storm water here is 
then precisely as it would be for a normal dam 
at that site with the usual provision for a 
spillway, but noting the progressive reduction 
of the reservoir's capacity and its effect on 
peak flood flows with time so far as this will 
have a reducing dampening effect.

ABONDONMENT OF SURFACE TAILINGS DAMS

Hill 1973 has shown that the vegetating of such 
structures is a well established technique in 
Zimbabwe and should preferably proceed during 
construction so that eventual abandonment 
would be relatively limited in cost and 
largely confined to vegetating the top surface.

The divison of this top surface into a number 
of cells to reduce the gradient and rate of 
flow of stormwater over the surface is desirable, 
and binding with grass cover and tree growth 
appears the best ultimate solution. While the 
central pond area may contain water on a 
perennial basis, care should be exercised to 
ensure that this is limited in extent and does 
not present a health or safety hazard. The 
writer's approach is to eliminate the central 
pond and have the top surface virtually level 
with small, raised cells to spread rainfall 
uniformly and encourage infiltration, 
transpiration and evaporation. Stormwater 
diversion at abandonment must be left so 
positive that even without maintenance it will 
ensure diversion and satisfactory functioning 
of the system. Vegetation which is developed 
to be tolerant of heavy metal residues must be 
used to ensure long term success on tailings 
dumps.
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ALTERNATIVES TO SURFACE DAMS

The backfilling of underground workings

This means of disposal of tailings appears 
commendable at first sight because of the 
logic of returning the processed ore waste 
whence it came and the ease of return using 
a gravity flow system. To date the potential 
problems have precluded its adoption, however, 
as tailings replaced underground can prove a 
distinct hazard. There is always the 
consideration of whether such placement of 
tailings will not prevent the development of a 
portion of the ore reserves as yet unproved at 
the time of implementing underground disposal 
or even add unacceptable costs to further 
development. There is also the higher risk 
factor involved, since the likelihood of 
liquefaction adjacent to blasting is significant 
and natural drainage underground may be very 
poor.

To make such a scheme economic, placement must 
be by hydraulic means and moisture contents are 
still significant even when cut back to the 
minimum acceptable for flow. In an invest
igation into such a proposal it was found that 
low moisture contents could only be produced 
with a final product or a decant tank product 
and even here the range was from 3 3 per cent 
(by weight of dry solids) to 45 per cent. This 
particular proposal envisaged cement 
stabilisation of the tailings and emplacement 
during a continuous stope mining operation 
immediately adjacent to active rise boring and 
stoping operations with the stabilised tailings 
being placed in the active stope section main
taining working headroom as the stoping 
proceeded and thus necessitating the movement 
of the successive blasts of ore over the 
stabilised tailing surface to the ore passes 
with the active ore haulages below. The 
possibly economic percentages of cement 
suggested for investigation were 6h per cent 
5 per cent and 4 per cent. The relatively 
coarse tailings (Final product and decant tank) 
were chosen in order to develop the highest 
strengths, but even these gave disappointingly 
low results. However, it is felt to be of 
interest to report them (Table 5). The effect 
of the cement on permeability was of interest 
and stabilisation appeared to produce a 
marked reduction in permeability which 
developed further with increase in curing time. 
Unfortunately, the results were not sufficiently 
encouraging to proceed with the investigation 
of behaviour in situ where even larger 
variations were forecast in comparison to those 
observed under laboratory controlled conditions.

Observation of collapsing ore body draw 
techniques currently being employed in mining 
and the more detailed investigation of ore 
bodies suggest that this proposal might soon 
be reassessed. On the other hand the retreat
ment of tailings to recover residues or other 
minerals not previously extracted may mitigate 
against such return below ground.

TYPE OF TAILING

Decant

Feed

Final
Product

Thickener

Feed
Properties

Permeability k.cm.sec 1,1x10“ 3 4,2x10"3 1,1x1o"5
Natural State N.C.

Permeability Stabilised

6^%k (1 day) 1,9x10“ “* 1,8x10"“* -

Permeability Stabilised

6^%k (5 days) 2,1x10“5 3,0x10"5 -

Permeability Stabilised

5%k (1 day) 3,9x10-“* 5,9x10-“* -

Permeability Stabilised

5%k (5 days) 3,9x10"5 3,3x10"5 -

Permeability Stabilised

4%k (1 day) 1,5x1o-1* 6,5x10-“* -

Permeability Stabilised

4%k (5 days) 5,3x10” 5 6,lxl0-5 -

Unconfined Strength kPa 1290 840 6%%ce -

5 day at 33% m.c. 990 630 5% ce -

620 365 4% ce -

Unconfined Strength kPa 860 790 6 %ce -

5 day at 45% m.c. 780 450 5% ce -

510 350 4% ce -

.TABLE 5
Stabilisation of Coarse Tailings 

(Density range normally consolidated or to allow 

degree of further compaction,viz.1500 to 1600 Kg/m2)

Disposal as a fill material

This means of ultimate useful consumption is 
limited. However, close to urban complexes, 
it is feasible to re-use tailings with 
advantage. Caution must be exercised in the 
particular applications chosen. Soluble 
sulphates for instance are particularly 
deleterious to cement and to road surfacings 
when incorporated below thin, relatively 
impervious road surfacings and failures have 
been reported in Zimbabwe by Mackechnie 1972 
and South Africa by Netterberg et al 1974 
and Mackechnie 1975(2). Processsing of 
tailings both for further mineral extraction 
and to separate out the sand fraction for 
building and engineering purposes both have 
their place in the economy. Thus tailings in 
themselves have some residual value and care 
should be taken to plan the abandonment of 
tailings impoundments to avoid precluding the 
future access to them for such purposes.

Land fill in selected areas

This is discussed as a separate means of 
disposal in the sense that tailings can be 
used to improve topography and in this 
respect, it provides a satisfactory fill for 
this purpose. Careful planning is required 
to ensure that the intended final use of the 
land is comparable with the use of tailings 
as fill. Generally, where drainage is efficient 
tailings provide a very adequate foundation 
once they are normally consolidated and drained. 
Where vibrations are significant and tolerance 
in levels are tight, extreme care should be 
taken to ensure against settlements. Successful 
crossings of slimes dams by roads and railways 
have been reported by Jennings 196 3. Drainage 
is always the key to success in such constructio:

367



6/13

CONCLUSION

The investigation of tailings impoundments 
provides an interesting field for applied 

research which impinges directly on the economy 
of a country rich in mineral resources. While 
tailing disposal remains a relatively insigni
ficant portion in terms of cost (less than 10 
per cent) of the total extractive process, it 
will continue to be necessary to focus the 
attention of mine management in its true 
importance which is one of ensuring efficiency, 
safety, and compatibility with the environment, 
which factors, if neglected, can lead to loss 
of profits, possible tragedy, and public 
resentment far outweighing the relatively minor 
economic role of the successful system.

The results and performance to date appear to 
fully justify the means and the structures 
are demonstrably capable of analysis.
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