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techniques are really only used (in South Africa) for the
construction of tailings dams, developments in this field are
limited in their applicapility, teing wveneficizl only to the
design and constructioen of tailings dams. The extent of further
research is thus dependent on the further regairements of dam
builders and designers who must consider whether an overall
general understanding will be sufficient, or will the generalized
variables need to be guantified?

It is felt however, that the overall general understanding is not
entirely adaquate, especially when the therry is extrapolated to
very different boundary conditions such as very long beaches, In
this particular case, there is doubt that the beaching parameters
observed for short beaches will be applicable to very long
beaches.

Thus the need wilil probably arise for the investigation and
possible quantification of the beaching parameters under varying
boundary or system conditions. Since, due to the large scale of
tailings disposal operations, difficulties will be experienced
in attempting to achieve control over the variables in the field
and in measuring the flow characteristies, it is felt that this
further investigation will best be conducted using laboratory
modelling techniques.

At the outset of this project, a laboratory maodel was proposed as a
means of investigating the beach development process. However it
was generally felt that, in addition to being redundant due to the
avallabllityof operational dams, modelling ina laboratory flume
would not be feasible unless the particle size distsibution of the
solid material was also scaled down,

However from the observations in this study, it can be seen that
the flow along the beach adjusts itself according te the boundary
conditions, resulting in very similar dimensionless beach
profiles for varying beach lengths, the beaching parameters (n and
iav) varying because of differen: initial flow conditions and
material properties,
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Ceonsidering this similitude between beaches of various lengths,
we San thus visvalize a 48m beach as being a one in four scale
a beach of 166w length. In other words, one can most
design a laboratory model without theoretical flow

considerations, but by merely scaling down the linear dimensions
o the beach znd the initial flew conditions, as noted above.

It is thus felt that the use of a laboratory wmodel in further
investigations is entirely feasible, and will provide a quick and
simple means of investigating the various unquantified
variablas, with the added benefit of visual observations only
possible with such a wodel.
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APPENDIX

Appendix A} The Theory of Clay Flocculation

and flocculati

A.l.l1 Electrical Charges in Soil Particles

(Note: The following theory is a simplified summary of theory
extracted from the quoted references, These references should be
consulted should a more detailed explanation be required.)

Every soll particle carries an electrical charge, theoretically
either negative or positive, although only negative charges have
been measured. The net electrical charge may arise from a number
of factors of which isomorphous substitution may be considered
the most important {Lamb and Whitwman 1969}. Isomorphous
supstitution is the s\‘:bstir,ution of ions of one kind by ions of
another type, with the same or 2ifferent valence, but with
retention of the same crystal structure. In reality, replacement
doas not occur, and the mineral is initially formed with its
present proportions of different cations in the structure
(Mitchell 1876).

The magnitude of the electrical charge is directlyrelated to the
particle surface area, thus the influence of the charge on the
behaviour of the particlerelative to the influence of mass forces
(weight) will be directlyrelated to the specific surface (surface
area per mass). The smaller a particle, the larger its specific
surface ~ silt size particles and larger have a specific surface
less than 1m2/g compared to kaolinite {18 to 28m2/g) and
montmorillonite {888m2/g) - and thus the larger the influence of
the charge on the behaviour of the clay particle,

Clay particles can thus be called "colloids" since their




ABSTRACT

Tailings dams are constructéd using hydraulic £ill technigues
where fine solid wastes [tailings) are pumped to the tailings dam
using water as the transporting medium. This construction
technique utilizes the 'veaching' property of the deposited slurry
to obtain separation of the solids into coarse and £ine fractions,
the coarse material remaining at the dam perimeter where it is
used to construct the 'wall' of the dam.

Since very little information is available on the mechanisms of
the development of a beach, this stuzy was undertaken to
investigate some aspects of the beach development, namely, the
beach profile and the variation of material properties along the
beach. The observations were conducted on beachas formed by gold,
platinum and diamond tailings.

1t was found that, due to a progressive decrease in the flow
velocity along the beach, the beach profile has a parabolic shape,
with the slope a maximum at the deposition point and a minimum at
the pool. The same equation can be vsed to describe the profile for
all the types of tailings, the constant and exponent in this
equation {the beach parameters) varying according to the particle
sige distribution of the deposited tailings and the deposition

flowrate.

Particle size separation along the beach occurs as a result of the
continuous velocity reduction, whereby the size of particle which
the stream can transport also decreases. The results of tests
conducted on samples extracted at various positions along the
beach show that, in general; the sand contant decreases, the silt
content increases, and the clay content remains fairly constant
with increasing distance from the point of deposition to the edge
of the pool.

The results seem to indicate that the degree of separation is
inversely proporticnal to the uniformity of the deposited
tailings. also, one will find, in general, that the flatter the
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behaviour is controlled by surface-derived forces (electrical)
rather than mass-derived forces.

When the clay pavticle carri’es a net negative charge, cations (M*}
are adsorbed to the structure to neutralize the charge. Since these
cations are usually weakly held on the particle surface, they can
easily be replaced by other ions and are thus termed *exchangeable
cations',

A.1.2 Clay in the Presence of Water ~ The 'Doubl. Layer’

In the presence of water, both the mineral surface and the
exchangeable cations hydrate with the following general effects:

i. The exchangeable icns increase in size (upon hydration, the
radius of the sodium ion Nat increases approximately
sevenfold) and move away from the particle surface since
their increased size does not permit them to £it into a
monoionic layer on the particle surface (Lambe and Whitman
1969). The ions, attracted to the particle surface to satisfy
the negative charge on the surface, move to positions of
equiliprium, with a high concentration of ions near to the
clay surface due to the high concentration of negative
electrical charge at the clay surface., The concentration
falls off with increasing distance from the surface {Figure
Al)

ii. The exact nature of the water immediately next to the mineral
surface is not known although it is generally accepted that,
due to the fact that water molecules are polar, at least the
first few molecular layers of water are orientated and
strongly attracted to the particle surface. As the distance
from the particle surface increases, the degree of
orientation and the rigidity with which the water molecules
are held, decrease (Figure Al),




beach slope (for a specific type of tailings), the less is the
deqgree of separation along the beach, since both are strongly
influenced by the deposition flow rate and the content of coarse
material in the total tailings.

Hand shear vane tests show that the undrained shear strength
decreases with increasing distance from the depesition point.
This variastion results from a variation in the rate of
consolidation along the beach, the more permeable material near
the deposition point censolidating far guicker than ths less
permeable material near the pool. The more permeable material is
also influenced by the development of capillary tensions in the
pore water which tend to overcensolidate this material. The
overconspiidated wmaterial dilates strongly when shearved,
exhibiting a gregater shear strength than the normally
consolidated material further along the beach.

B major problem encountered in the construction of tailings dams
i5 the occurrence of impermeable 'clay' layers that create an
anisotropic system which encourages horizontal flow. This is
thought to promote 'piping' which may in turn result in breaching
of the dew. Furthermore, the anisotropic system causes 2 raised
phreatic surface {or a series of perched phreatic surfaces),
thereby reducing the factor of safety against a shear failure of
the slope.

It was concluded that the major cause of these clay layers is the
overflow of fines (held in suspension) from concentrated rivulets
of £low, onto areas adjacent to the section of beach being slimed.
It is thus suggested that the use of trzining walls (parallel to
the direction of flow) be investigated as a meangof dirscting the
flow, thus minimizing the formation of the clay layers,

1t was initially felt, in the case of diamond tailings which
contains a large quantity of Elocculated clay (montmorillonite) ,
that the degree of separation could be improved by adding
deflocculating agents to disperse the clay content and thus allow
gravitational sorting to occur, with the clay and silt sized

iv
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Figure A 1 : Adsorbed Water Molecules and Exchangeable
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particles remaining in sust ansion. The addition of
deflocculating agents also aims at improving the flow properties
of the suspension by reducing the viscosityof the suspension. The
increased velocity of Elow will allow a greater degree of
separation and will ensure that a larger quantity of fines is
transported to the posl, Although fairly promising results were
obtained, the high costs of the deflocculants and the cyclic
process required to ensure a clear water draw-of,, make the
feasibility of this wethod doubtful as a means of achieving the
desired results.

For the flocculated diamond tailings, the use of hydrocyclenes
which mechanically separate the flocculated material into coarse
and fine fractions, is suggested as the best means of acquiring a
material with properties suitable for the construction of the
wall. Since the mechanical separation reduces the quantity of
material available for beaching at the dam perimeter, a
deposition system is suggested whereby the coarse underflow is
retained in '‘paddocks’ while the fines are deposited in the body of
the dam. '
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This layer formed by the exchangeable ions and the water
molecules is known ag the 'double layer'. (Mitchell (1976) givesa
detailed description of the double layer and the theoretical
prediction of the double layer thickness.) This double layer
extends to a point where the concentration of exchangeable ions is
equal to that in the 'pore’ or 'free' water, or in other words, to a
point where the electrical potential is zero.

Figure A2 shows the variation of electrical potential with
increasing distance from the clay surface. As the distance
increases, the negative charge becomes more and more reduced,
being neutralized by ine cations in the double laver.

Figure A2 also shows that the double layer thickness is directly
related to the electropositivity of the exchangeable cation
since, when the exchangeable cation is highly electropositive
(A}, it ionizes well and the electrical potential at ?:'he particlie
surface is high. When the cation is not so electropositive (B),
ionizatien is limited, the potential at the particle surface is
comparatively small and the charge is reduced to zero at a lesser
distance from the particle surface (Ryan 1978).

For the cations involved in clay minerals, electropositivity

varies as follows:
Bt ¢ pg2+ < Ca?+ € pit < Nat < K¥

A.l.3 The Double Layer and Interparticle Forces

When two clay particles are brought towards each other, they are
subjected to two types of interparticle forces.

Since each particle carries s net negative charge, the two
particYes repel each other because of the Coulombic electrical
force between like charges (R'). Since the net negative charge is
balanced by the cations in the double layer, the two advancing
particles begin to repel each other when their double layers come
into contact with one another. Thus any change in the
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characteristics of the soil-water system that reduces the
thickness of the double layers, reduces the repulsive force for the
same interparticle spacing (Figure A3 - Lamb and Whitman 1969).

In addition to a repulsive force, the approaching particles are
subjected to a component of attractive force (A'), being the van
der Waal's force, or secondary bonding force, which acts between
all adjacent pieces of matter.

T£ the net effect of the attractive and repulsive forces between
the clay particles is attractive (Pigure Ad4(a)),the particles
tend to move towards each other and become attached i.e.
flocculated (Figure A5(a)}. If the net effect is & repulsive Force
{Pigure A4(b)), the particles tend to move away i.e. dispersed or
deflocculated (Figure AS(b)).

Since the repulsive force is dependent on the characteristics of
the rystem {variation of the double layer thickness), and the
attractive component is not, . tendency towards deflocculation is
usually caused by decressing one of the following:

Electrolyte concentration

Ion valence

Concentration of the solids in the suspension
Temperature

or increasing one of the following:

Dielectric constant

Size of hydrated ion
Electropositivity of exchangeable ion
pH of the suspension

(After Lambe and Whitman 1969)

Deflocculants containing Sedium (Na+t) or Lithium (Lit) satisfy
most of these requirements and are thus the most succesful and
common deflocculants in use.
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on deflocculating a flocculated suspension, various changes in
the system propertles are effected by increasing the repulsive
force between particles, the most important in the case of the
flocculation of diamond tailings being:

a decrease in viscosity resulting in an increase in flow
velocity, and

ii. a decrease in the rate of sedimentation of the clay particles
from the suspension.

h
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Appendix A Brief Review of the Structure
of Smectite Minerals

The smectite group consists essentially of two-to-one layered
structures consisting of two silicon-oxygen sheets (Sig0y4)4-
sandwitching between them either gibbsite (A1(OH)3) or brucite
{Mg(OH)2) (Figure A6}.

When gibbsite is the central sheet, ‘condensation' of a silicen
oxygen sheet on either side of it leads to the formula

AlySig0)9{0H) g
which is the ideal formula for pyrophyllite.

Montmorillenite (a member of the smectite group) has a structure
similar to pyrophyllite with the exception that there has been
isomorphous substitution of magnesium for aluminium in the
gibbsite sheet resulting in the formula: .

(Aly,67Md9,33)514015(CH)1p (Figure A7).

Other members of the group are formed in a similar manner, e.g.
saponite is formed by isomorphous substitution of A13+ for 812+,
brucite being the central sheet

We have seen that montmorillonite has undergone isomorphous
substitutionof one Mg2+ cation for every sixth Al3+, resylting in
a net charge deficiency per substitution. The negatively charged
structure is neutralized by adsorption externally to the
structure of some cation M1+, which is some monovalent cation
such as Nat or #tete, (1% is the exchangeable zation). Should the
adsorbed cation be divalent e.g. Ca2*, then only half the quantity
would be required to balance the charge.

Thus the formula for montmorillonite is written:
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Thus the formula for montmorillonite is written:

(Al),67M9p,33)514015(0H) 2
! ! + #l+is a monovalent

Mg,331+ cation

or  {Al1,67M9g,33)81401 CH) 2
M2F is a divalent
M:zrg2% cation
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Appendix A3 The Behaviour of Clay in the

Presence of a Salt Soluticn

It is conventional to refer to a ¢lay that has adsorbed cations of
type M as 'M clay', and since some ionization of the clayoccurs in
water, it is possible to replace the M* cation by some other cation
say N+, by treating the clay with a solution of N* salt, say NA
(Ryan 1978}, i.e.

M clay + Nta-(in solution) == N clay + MA

The quantity of exchangeaple cations required to balance the
charge deficiency of a clay is termed the 'cation exchange
capacity’ (c.e.c.) of the clay, usually expressed as milli-
equivalents per 14¢ gm of dry clay {typical values are quoted in
Table 5.1).

However the amount of M+ which is actually replaced by N+ will
depend on the concentration of the NA solution, the sizes of the
two cations, the valencies of the two cations »nd the solubility
of the product MA.

An approximate order of preferred cation adsorbtion in clays is:

B > Mg2+ > ca?t > L1t > wat > kT

where  H¥, mg2+ and Ca2* tend to flocculate clays,

while Li*, Nat and K+ tend to deflocculate clays, the
most common metnod of deflocculating a clay being the formation
of sodium clay,

From this it can be envisaged that a problem arises when the
products formed are of high solubility i.e.

M clay + NA s==N clay + r}A (highly soluble)
M AT

The M* irns produced are free to compete with the N+ ions for
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. adsorption on the clay, and if they are 'preferred' cations, they
will compete successfully i.e. the reaction lies to the left
{indicated by the solid a:\;ow), unless the N+ concentration is
high.

The ideal deflocculant will thus form a product of low solubility
which will then precipitate out i.a.

M lay + NA === N clay + MAl (low solubllity}

and the reaction proceeds tn the right,
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Appe ‘ix A4 Calculation of the Mass of Deflocculant

for a Specified Overall Concentration

To simplify the calculation it has been assumed that the
defleocculant is added in 2% solution form to 1,6Kg tailings

consisting of 45% by mass solid material and 55% by mass water.

Let ¥g be the wmass of solid deflocculant in the added solution.
Let yg be the mass of the water in this solution.

For a 2% solutiom: 2,=12 - A3

K+y 108

Expressing the concentration of solid deflocculant as a

percentage of the total solution, we can write:

R+Y «(_%_)-100 = C% where C% is the specified
¢ TRy ) (x+y) overall concentration.
which can be simplified to:
. 102 = C3 - Aj

rogterry
FETY

i.e. the concentration of solid deflocculant (xg) in tatal

solutlon (lag tailings + xg deflocculant + yg water).

The quantity of solid deflocculant required will be obtained by

the simultaneous solution of Equations Aj and A3.




1.6 INTRODUCTION

This dissertation deals with a specific aspect of tailings dam
construction, namely the behaviour of a free flowing slurry
deposited on the dam.

The principles of tailings dam construction are dealt with to
some extent, but should this provide insufficient background on
the subject, the reader is advised to consult the Chamber of Mines
Handbook of Guidelines (Volume } - 1%79) which covers, in detail,
the design and operation of taili- dams.,

1.1 The Need for Further Research into the Behaviour

of Bydraulically Depesited Tailings

Tailings dams are extremely large structures and if not carefully
and correctly designed, constructed and monitorad, may pose a
significant toreat to huwan safety, as well as being potentially
serious environmental hazards.

tegislation has been introduced and Handbooks (e.g. Chamber of
Mines Handbooks - Volumes 1 and 2) are available to assist in the
correct design and operationof tailings dams, to ensure a maximum
factor of safety against failure as well as minimum damage to the
environment, stould a failure occur.

To make this possible, a great deal of research concentrating on
the stability and environmental aspects of tailings dams has been
carried out.

However, there exist 2 number of aspects of tallings dam
construction, all basically related to the behaviour of the
hydraulically deposited tailings on the beach, in which
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Example .

Water Glass {Sodium Silicate) is added in 5% solution to 1Ky
tailings to give an overall concentration of 6,1%.

Egn. A) yields : x

=5

X+y 198

BEqn. Ay yields : x +~r'g_x).un = §,1%
rpperET

Solving A; and Ay we find that we need:

i.e. y =18x

x =1,829 of deflocculant per 1Kg tailings,

or 1,02Kg deflocculant per 1 ton of tailings.

Thus for 222 808 tons of tailings at a cost of R #-35 per Kg for the
deflocculant:
Cost of deflocculant=(222 00d).(1,02).(%,35)

i.e. R79 406-80 per 222 G@¢ tons of tailings




knowledge is lacking. Furthermore, some fairly serious problems
are being encountered in the construction of the dams, for which
solutions are required.

Firstly, a number of tailings daws, considered to be structurally
stable, have failed, in some instances with disastrous
consequences. Some of these failures have been attributed to the
fact that, resulting from the deposition process, a layering
effect occurs where consecutive layers of deposition are
separated by thin layers of Eine, relatively impermeable material.

This layering may cause the horizontal permeability of the system
to become far greater than the vertical permeability since the
relatively impermeable fine layers reduce vertical permeation
through the system.

Such an anisotropic system is undesirable since the phreatic
surface may rise significantly, and 'horizontal® flow may be
concentrated in the coarser material between the fine layers.
These effects may result in piping through the wall or a shear
failure {followed possibly by a flow slide), and it is thus
desirable to find a solution which will either minimize the
formation of the layers, or completely eliminate their formation.

Tailings dam designers have also recognised the need to be able to
predict the varifatior of particle size distribution, as well as
the engineering properties of the dry mate.ial along the beach.
This information would be extremely val .abkle in assessing the
overall stability of the dam.

Past attempts (eg., Van 2yl (1976}) to predict the variation of
particle size distribution zlong the beach have used the
components of velocity due Lo the transporting medium {drag) and
the weight of a particle, to calculate the distance that a
suspended particle of a given size will move along the beach
{similar to Camp's theory for settling basins),
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In a slurry stream, where the solids concentration is very highand
the depth of Elow very small_, the behaviour of the particles in the
stream becomes extremely complex, with the movement of larger
particles occuring due to rolling end pushing along the bed, and
saltation (Melent'ev et al. 1973;. The above theory (gravitational
settlement according to Stoke's law) is thus more applicable to
the behaviour of finer particles settling threugh the slurry
stream as it moves along the beach.
s

Tailings dam designers (e.g. Van Zyl} have also expressed the need
for an anslytical method of predicting the profile (shape) of a
developed beach. The ability to predict the profile is verv useful
sace it aids in determining design factors suech as the length of
the beach, the available freeboard (hydrological), the volume of
material deposited and the rate of rise of the dam (rise in height
with time) at any stage of its 'life'. These factors are all
important to the designer who must be able to predict the shear
strength of the material and the position of the phreatic surface
etc. for stability calculations.

The primary aim of this project was thus to study the behaviour of
the free flowing slurry on the beach, and the resulting properties
of the dry material.

In achieving this, the dissertation will hopefully provide a
useful design tool which will allow the designer a more Elexible
design approach since variations in the profile and the properties
of the beach material which can be expected, should any changes in
the system occur ({e.g. deposition flow rate), can then be
predicted.

In conducting this study, a great deal of time was spent on the
visual examination of existing construction tecbniques in order
to assess their efficlency and in order to identify the probable
causes of 'clay' layering.
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Further problems, such as the behaviour of a slurry containing
£locculated clay (eg. diamond tailings), were also investigated
with a view to improving the deyree of particle separation
resulting from the flow o’f. such a stream.

Being the first research project of this nature, it was not
possible to investigate all of the operational dam types and their
respective materials. The results obtained can thus only be
applied to the 'systems' for which they were cbhserved.

However in selecting the taree tailings types discussed, the
research aims at providing an overview of the subject, which will
hopefully simplify further research undertaken into either these
materials or other material types.

1.2_Terminology and Material Properties

1.2.1 Tailings peposits

The following definitions are given in the Chamber of Mines
Handbook (1979):

Residue - includes 'Tailings', the part of a material that
remaing or results after processing to extract those
constituents or parts which it is profitable Lo extract
at the time; as well as 'waste rock' which, not being ore
itself, is rock removed from the wine in order to allow
extraction of the ore ....etec.

Deposit - a dump, heap, pile or £illing which usually projects
above the natural ground surface ..., Deposits may be
formed by mechanical or hydraulic deposition of
material....etc,

At this stage it is important to note that there are two distinct
types of tailings, namely:
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1. Coarse tailings (or ‘overburden' or 'waste rock') which is
mechanically deposited on 'tailings dumps',
and
2. Fine tailings (or ‘szlimes'), which is comparatively fine
material deposited hydraulically on tailings {or slimes)
dams.

This dissertation deals only with fine tailings (referred to as
tailings or slimes) and the behaviour of this material once it has
been deposited on the tailings dam.

1.2.2 Types of Tailings

Throughout this dissertacion, for the sakeof clarity, the typesof
tailings are referred ko by the major precious mineral extracted
in the mining process.

For example, although diamonds are extracted from kimberlite
‘pipes', the tailings are referred to as 'diamond tailings',

The tnree types of tailings dealt with in this dissertation are
diarond, gold and platinum tailings. Typical particle size
distributions of these tailings are shown in Figure 1.i. Other
properties of the tailings are given in Table 1.1,

1.2.3 General Terms

Figure 1.2 shows a generalized cross-section of the fundamental
taillings dam system.

The following terms are commonly used:
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1. Point of deposition

The point of deposition is the point where the slurry leaves the
delivery line and is deposited on the ‘beach’.

2. The Beach and the Pool

The design of tailings daws relies on the fact that the deposited
tailings forms a natural downgrade from the point of depesition
onwards. This is called the beach.

The surface of the dam, being bowl shaped, can thus be used to
tetain some water on the dam to allow the settlement of fines
vefore clear water can be Jdrawn off. This region is called the
‘prolt.

Tne principies of deposition are different for above water and
below water deposition, and for the present purpose which is to
study above water deposition, the 'beach' extends from the point
of deposition to the edge of the paol.

3. Depgsition Methods
Tailings are generally pumped to the tailings dam through a
delivery line. However various methods of deposition are used for
the different tailings types, these being:

i. Open-endiny

Gold tailings 1s deposited into the body of the dam through open
ended pipes (figure 1,3(a)), situated at various points around the
dam. These points are located su as Lo achieve the maximum
posicle peach length and thus minimize the amount of material
that reaches the pool, This study is only concerned with the beach
forined by this open-ended deposition, and not with the deposition
in rhe paddscks that form the ovter wall aof the dam.
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ii. gpigotting

Platinum and diamond tailings are generally deposited £xom aring
main extending around the perimeter of the dam.

The outlets on the pipe, i.e. the spigots, may take the form of T's
(Figure 1.3(p)} which can be partially or fully opened by means of
gate valves, or they may simply be holes drilled into the pipe
(Pigure 1.3{c)} which are closed using wooden plugs.

The spacing of the spigots varies, the actual spacings measured

being 3 to 4,5m for platinum tailings (T's} and Im for diamoad
tailings (heles).

4. Coarse and Fine Tailings

The particle size distributions shown in Figure 1.4 illustrate
the various terms used to describe the beach material.

The ‘coarser' tailings (A) 1is generally found clese to the
deposition point, while the 'finer' tailings (B) is deposited
further along the beach.

Figure 1.4 shows a typical particle distribution curve for the
'total tailings' (C) which is the product pumped from the
extraction plant.

Reference is often made to 'clay layers' and to the ‘fines carried
to the pool’, This material may be very different from the general
material found on the beach and usually coasists almost entirely
of silt and clay sized particles with little sand sized material
(D).

Throughout this dissertation, the thin, relatively impermeable
layers are referred to as 'clay layers' even though in the case of
some tailings types, clay minerals may not actually be present,
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the layers consisting of clay-sized particles.

5. Dam_Types
Two types of tailings dams are used 1n South Africa.

Figure 1.5(a) shows tne ring-dyke dam which is normally
constructed in areas with a £lat topography. Except for a small
amount of initial earthworks, the entire dam is constructed using
the tailings that is deposited on the daam.

Figure 1,5(b) shows the valley dam which is constructed where a
natural valley exists., The Premier Diamond Mine tailings dam is a
valley dam, the wall being constructed of mine waste rock, while
all the other dams discussed are dyke dams.
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2,0 BEACHING CHARACTERISTICS OF A SLURRY

2.1 Introduction

Characteristic of all tailings deposited as a slurry, is the
tendency of the s0lid material to beach, that is, to form & natural
downgrade from the point of deposition to the pool.

This beaching characteristic is benefically utilized by dam
designers in a number of ways including the following:

i. Since the velocity of Elow is highest at the point of
deposition, the coarser material is deposited near the
deposition point, and the finer material is deposited further
along the beach or carried to the pool (Chapter 3}, The result
of the separation of particles is that the material in the
outer regions of the dam, once this material has been allowed
to dry, has better drainage and strength properties than the
wmaterial further along the beach. This material can thus be
used to construct the 'wall' of the dam which must be well
drained for stability purposes.

ii. Phe surface of the dam, being bowl shaped, is used to retain
gome water to allow the settlement of Eines transported in
suspension, in order to obtain clear water draw~o£f for re-use
in the extraction plant. The size of the pool is dependent on
the time required for the settlement of these fines before a
clear water draw-o£f can be obtained. However, since the level
of the pool may rise guite rapidly during periods of heavy
rainfall, resulting inaraised phreatic surface, the quantity
of water retained on the dam is kept to a ninimum so that the
required hydrological freeboard can always be maintained.

In order to investigate the possible relationships between the
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properties of the deposited material (total tailings), the
resulting beach profile and the resulting properties of the peach
material, numercus observations were conducted on various
tailings dams. The result$ of the Field observations and the
subsequent analyses of the beach profiles are presented pelow,
while the variation of the material properties of the beach

material are dealt with in Chapter 3.

2.2 The Development of & Beach - A Qualitive Explanation

As an analoyy to the development of a beach, consider tne
depositionof aslurryon tlat ground as shown in Figure 2.1(a). Due
te the dissipation of kinetic energy through impact and
turtulence, the velocity of the deposited slurry is far less than
the velocity in the delivery line, and coarser material which
could be transported in the pipe will be deposited at this point,
forming a bowl-shaped mouand {analogous to a plunge pool).

The excess slurry (sclids and water), overflows the edge of the
bowi, flowing radially outwards. With continued deposition, as
the topof tha mound rises, so the lengths of the sides of the mound
increase {Figure 2.1(a)), unless some restriction is placed in the
path of the flow.

The same principles apply to the development of a beach, except
that due to the presence of the wall behind the deposition point,
flow can only proceed into the body of the dam (Figure 2.1(b)).
Furthermore, the length of the beach is limited by the presence of
the pool, so that even though the top of the beach rises, the beach
length will remain approximately constant if the level of the
ool is raised (by raising the level of the penstock inlet) at the
same rate as the deposition point rises, This is in fact normally
the case with tailings dam operation where the level of the pool
is raised at the same rate as the top of the beach in order to
maintain a constant pool size.

It is thus fairly simple to conceive of how the downgrade of the
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beach is initiated since the deposition peint always rises before
the rest of the beach.

However, for different depa‘sition flow rates and particlegrading
distributions, one would expect that for be'ches of the same
length, the difference in elevat on between the end-points would
vary, as would the shape of the beach between these points.

In order to understand the influences of such variations on the
beach profile, it is necessary to study both the hydraulic
behaviour of the siurry as it flows along the beach, as well as the
resulting beach profile.

Unfortunately, except for a rather vague description given by
Melent'ev et al. (1373), no other description of the hehavicuraf a
£ree flowing slurry could be found, This section thus includes a
short description of the behaviour of free~flowing slurry on the
beach as observed during this study.

The observations made are generally visual observations
necessitated by the practical difficulties experienced in
measuring cthe properties of the flow on a wet beach (re-wetted
tailings cannot be walked on). An idea of the variation of the
velocity of Elow was obtained through the rather crude method of
observing the speed with whichconfetti was carried by the stream.

2,2.1 Description of the Flow along the Beach.

During the studies conducted on the various dam types, the
following general flow characteristics were observed, these
characteristics being common to all the deposition methods.

Just after the deposition point, the velocity of the slurry flow is
nigh {supercritical), and the slurry flows in individual scoured
rivulets in which numerous ‘hydraulic jumps' can be observed
{Plate A), These jumps result from the scouring of 'furrows’
(Figure 2.2) that cause a local instabilicty of flow, and are




Flow et

Plate A - Hydraulic Jump Rivulet of {3ncer.rated Flow

Plate B - Lower Region of Beach Showing Increased
Spacing 6f Jumps and Sheet Flow at £nd of Reach
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accompanied by a decrease in the velocityof £low due to the energy
tost in the jump. 'Ridges' are formed after the jumps, where
material is deposited due to the sudden decrease in the velocity.

These jumps become less numerous and spaced further apart as the
£low proceeds along th2 slope (Plate B}, the velocity decreases
and the slope becomes more gentle. Further along the slope, the
rivulats begin to meander and widen, and eventually join up, the
flow proceeding as 'sheet .low' over the previously deposited
material, with little ev.dence of scour.

At tne end of the beach, the velocity of £low is low (subcritical),
and this low velocity is generally avsociated with a'rippled' bed

(Plate Cj.

it was also observed that, after the high velocity supercritical
region in #hich the flow proceeds along a straight path, the width
i the stream increases progressively along the beach due to the
fact that the sliming region is higher than the surrounding areas.
Thus, although the velocity of flow at the end of the beach is
sapberitical, the depth of flow may be less than tire depth of flow
a= the top of the beaci, depending oh the extent to which the
stream broadens.

The velocity thus decreases along tne beach, and bedforms, as
descrived in sediment transport theory are established, These
bedforms and associated flow regimes are summarized in Figure
2.3,

It is interesting to note the change in beach slope at the edge of
tne pool, cesulting from the difference between the development
processes for above water and submerged beaches. Although ths
profile in Figure 2.3 was measured on a dry dam, the edge of the
pool could easily pe located by this abrupt change in slope and the
change in the grading of the deposited material (almost no coarse
material s transported beyond the edge of the pool - see Chapter
3.
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2.2.2 The Resulting Beach profile.

On all the types of dans inv‘estigated, the observed beach profile
was of a parabolic shape, with the slope decreasing from a maximum
at the point of deposition to a minimum at the edge of the pool
(Figure 2.3).

Por flow in nonwerodable channels, the velocity of flow is
depe .=t on the bed slope, the velocity of flow heing high for
large slopes and vice versa. For the develogment of a beach
however, being & process of sedimentation, the dependence of the
velocity on the beach slope cannot be assumed, i.e., we cannot say
that the velocity of the stream decreases along the beach because
the peach slope decreases.

However it is logical to say that the beach slope decreases as a
result of the reduction in the stream velocity along the beach, In
a broad sense, let us consider the reasons for the decrease in
velocity along the beach, and thereafter the resulting beach
profile.

Firstly, consider the hydraulics of the £low and the influences of
the boundary conditions. In terms of open channel hydraulics
principles, there are two control points, namely:

L. The edge of the mound &t the point of deposition, at which the
£low approximates to the critical flow condition, and after
which, since supercritical flow is upstream controiled, the
flow is supercritical.

2. The pool, being a downstream control, which has a *backwater’
effect that causes the flow upstream to be subcritical.

Thus at some stage along the beach, partially due to the boundary
conditions, the flow changes from supercritical to sub-critical
flow. This change occurs due to the dissipation of energy as a
result of variocus influences including:
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i. bed friction,

ii. vedforms e.g. hydraulic jumps,

iii. meandering and broadening of the stream.

It isdifficult or impossible to quantify these energy losses due
to the fact that in seme regions, the flow is non-uniform and
unsteady. Furthermore, losses, such as those due to bedforms, may
vary significantly over the length of the beach.

However, the observed beach profile provides the evidence that
these losses result in a progressive decrease in the stream
velocity, @hich in turn results in a progressive decrease in the
slope of the beach.

As shown in Figure 2.4 {which is the actual plot of the profile
shown in Figure 2,3), the profile can be more accurately
reprusented by a series of straight lines, each section
representing the length of the beach between the hydraulic jumps.
The slope of each section is less than the slope of the previous
section, since the average velocity decreases due to the energy
lost in the hydraulic jump formed at the end of the previous
section.

The beach development between the end-points is thus a self-
establishment process where the slurry stream and the deposited
material influence one another in such a way that the Eflow
velocity decreases progressively along the beach, resulting in an

overall parabolic profile.

2.3 Observed Beach Profiles

Presented in this sectiaon are the measured profiles of various
beaches, followed by an analysis of these profiles based on the
observations made in the previous sections,
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These profiles were measured by observing the levels of the beach
at numerous points along a line from the deposition point to the
edge of the pool.

In selacting the line to be levelled, it was necessary, in order to
observe the natural beach profile, to avoid cross flows, from
other sides of the dam, which produce discontinuities in the beach
profile. Cross flow and lateral flow (parallel to the wall) occur
extensively on beaches where open ended deposition is used. The
observations thus concentrated on platinum tailings dams (spigot
system) where the beach development is influenced by cross £low
only at the corners of the dam, With these dams, the observed
profile was thus situated approximately midway between two dawm
corners.

2.3.1 Qbserved Profiles on Platinum Tailings Dams

The profiles observed on the various platinum dams are presented

in Figure 2.6.

in this form, the similarities between the curves are masked. In
order to compare the profiles, it is necessary to make them
dimensionless, both with respect to height and length. Referring
te the parameters defined in Figure 2.5, the dimensionless plot
for a particular beach is obtained by dividing the % and y co-
ordinates of a point on the actual beach (e.g. point A(xaj;yal)s by
the total length (L) and total drop (H) respectively,of that beach
so that:

at x= L , Xo= 1.¢ and y/H= ¢
at x= 4§ , Xo= @ ang y/H= 1,0

Figure 2.7 shows the dimensionless plots of all the curves shown
in Figure 2.6, These dimensionless plots give a vastly different
picture in that all the curves are very similar, with the scatter of
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a. Co-ordinate System for Measured Profile
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b. Dimensionless Profile

Figure 2.5 : Definition Sketches of the Beach Profile
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the results around the 'fitted' curve being small.

The fitted curve shown has the equation:

)2 2.1

Although a polynomial of a higher degree may give a curve of a
petter fit, the above approximation was chosen for simplicity in
the practical application of this theory {e.g for use in computer
programmes), and for comparison with other dam types. Furthermore,
it was felt unnecessary to be exact in a situation where further
‘errors' are introduced by unpredictable variations such as cross—

flows.

The above form of equation was found to agree with the
observations of Melent'ev et al. (1973) whs found that the beach -
profile can be represented by an equation of the form:

2.2

;o= i - n
¥ o= iy, Lo {1-x,)

where izy= H/L 1is the average slope of the beach,
Xo = X/L,

and n is a parameter dependent on the particle size
distribution of the deposited material.

Manipulation of this'equation yields:
3= - EHn
i 4] L) 2.3

which is the same as Eq.{2.,1) when n is taken as being 2,8.

For the various dams, the magnitudes of the 'parameters' nand i,y
are summarized in Table 2,2. Phese parameters will be discussed in
more detail at a later stage in this chapter.
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Table 2.1: Valuss of Average Slope (iay) for Various
Platinum Tailings Dams

Dam Average Slope i
(iag) {
1
Ay 1:39 !
J
Az 1:42
By 1:23
8y 1:23
c 1:47
Y
1
D 1:26

Notes: 1. Ay and Az lmply weasurements were
taken on the same dam.
2, The low izy value for Dam C results from
beaching against an upgrade (new dam).

Table 2.2: Summary of Beach Profile Parameters

Tailings Grade indicator Average Slope
n) (lav
Platinum ] 2,0 1:23 ~ 1:42
Diamond } 1,5 1152
Gola ] 40 1:399
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2.3.2 The Beach Profiles for Diamond and Gold Tailings Dams

Figure 2.8(a} shows the obgerved beach profiles for the various
dams in terms of the typical lengths encountered on each dam type.

Figure 2.8(b) shows the dimensionless plots, with the grade
indicators {(n) and the average slopes (iay) Summarized in Table
2.2.

These results are not as accurate as the results obtained for
platinum tailings Eor the following reasons:

1. For the diamond tailings (cbservations on Premier tailings
dam), the open-ended deposition method in use creates a great
deal of cross-flow due to the sliming region being at a
different level to the surrounding areas. Thus the
unavoidable irregularities in the measured beach prafile
wers attributed to deposition from the cross-flow, and were
ignored in attempting to predict the natural profile of the
beach.

2. For the gold tailings, the observations were conducted on the
President Steyn Gold mMine tailings dam, since this dam had
been out of operation for approximately three weeks, and was
the only dam dry enough to walk on. Nevertheless, it was only
possible to take observations over part of the length of the
beach, and thus the results had to be extrapolated over an
approximated beach length to the level of the pool.

These results do however show that the beach develops ina similar
way on all the types of tailings daws, resulting in & paraholic
peach profile. However, the profiles of the beaches of the
different tallings types vary due to a number of factors such as
the initial flow velocity and the properties of the deposited
material, The influences of variations in the system variables on
the beach profile are discussed below.




Relative

Height (m)

i T
6 e d ]
, S T b | (g | Gol S — o
4 1N :

- Diamond

=i
3
2
1

Platinum

S~

0 50 100 150 200 250 300 350 400

Distance {m)

Figure 2.8 {a): Comparisen of Typical Measured Beach Profiles

e

14 1
Go’ 4
| 4,0 ..

/
TZ,
/_,/

SN
1,0

—

s ®

Figure 2.8 (b} Dimensionless Beach Profijes for
the Various Types of Tailings




33

2.3.3 piscussion of the Presented Beach Profiles

The dimensionless beach profiles presented in Sections 2.3.1 and
2.3.2 show that the beach profile for a specific type of deposited
tailings can pe rairly accurately expressed as:

n

¥vo= ol L1 - %)

where the parameters iazy and n depend on the 'system' properties,

Conaider the similarity between the dimensionless plots for the
platinum tailings dams for which the properties of the deposited
material are very similar at each dam. We can logically conclude
that 1if the the flow velocity and the particle grading
triburien at the deposition point were the same at each dam,

then beaches of the same length would have the same profiles,

This agrees with the analysis of the profile (Sec. 2.2) since, for
the same initial flow conditions, and the same slurry properties:

. The top of the beach »~uld rigse are equal amount due to the

same suppression of kinetic energy at this point.

Since the beach material and the hydraulic properties of the
stream are sirilar, the self-establishment process would
also be similar, resulting in the same beach profile,

It is thus felt that there are two major variables that influence
the beach profile and these are:

t. The particle size distribution of the deposited material.

ii. The Flow velocity at the top of the beach,

Lzt us now consider how these variables influence the beach
profile.

wote that in the following discussion of the beach parameters, the
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results for the gold tailings dams have not been included as it was
felt that since these beaches have such great lengths, they were
not directly comparable with the diamond and platinum beaches.
The possible influences of the beach length on the beach profile
are discussed in Section 2.3.3.3.

2.3.3.1 The parameter n

From the description of the beach development in Sectisn 2.2, one
can visualize that the parameter 'igy' describes the relative
positions of the end points i.e. the average slope of the beach,
while the parameter 'n' describes the shape of the beach between
the end points.

The n parameter thus depends to a large extent on the
interdependent influences of the slurry and the bed on one another
o sin e these determine the shape of the beach between the end
points. Since it was impractical to quantify these variables on
tihe tailings dams, it is as such not possible to determine

conclusively the variables that influence the magnitude of u.

However from the results presvnited in Section 2.3.2, it seems
likely that the n parameter is not influenced by the deposition
flow rate (i.e. by the velocity at the top of the beach} since,
although the deposition flow rates varied from dam to dam, an
approximately constant valve of n was found to apply to all the
dams.

Furthermoye, it seems that (ignoring gold tailings) the magnitude
of n increases with increasing dsg, the mean particle size of the
total tailings, as shown by the magnitude of n for platinum
tailings {n= 2,0 - d5p= 9,88mm) as opposed to diamond tailings (n=
1,5 - dsg= g,612mm).

This observation agrees with the work conducted by Melent'ev et
ai. (1973} who define n merely as a 'grade indicator', dependent on
the particle distribution of the deposited tailings, Their study
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! showed that n increasas as dgy increases, but does not vary with a
variation in the deposition flow rate.

Itis felt that in order to quantify the variables which influence
the n parameter, studies will need to be conductad in model £lumes
1 {see Chapter 6), wnere control over the variables such as flow
“ rate, sediment concentration and particle size distribution can

be exercised easily and over a short period of time.

2.3.3.2 The Parameter iay

Note that for simplicity in the following analyses, whenever the
influence of one variaoble is considered (e.g. variation in vy, the

. initial velocity), then the magnitudes of each of the other
variables (beach length, particle size distribution etc.) are all
kept constant,

A. The Influence of the Deposition Flow Rate
on the Average Slope

Consider again the analogous situation of the deposition of
slurry cn s flat surface, and for this situation, let us examine the
effects of varying the flov rate of deposited material. Note that
an increase in the flow rate logically implies an increase in the
velocity at the top of the beach.

At very low flow rates, the mound will rise quickly, since most of
the solids will be deposited at this point due to the low carrying
capacity of the overflowing water.

As the flow rate is increased, so the carrying capacity of the
overflow increases {with an increase in the velocity - see Section
3.1) and more solids will be carried over the edge of the mound to
be deposited on the sides, Thus f£or the $same quantity of deposited
material, the mound will rise faster for a lower velocity.
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Applying th.: concept to beaches of the same length, we can
conclude that ‘he average slope (i) thus decreases for an
increase in the £, »w velocity,

This influence is often utlilized by platinum tailings dam
operators in order te ‘pusn’ mere material out towards the pool,
thus achieving a more efficient usage of the deposition area by
£flattening the beach. The deposition process thus has two cycles:

1. High velocity £low, obtained by opening fewer spigots, which
prevents the build up of the beach at the deposition point and
allows more material to be carried towards the centre of the
dawm. resuleing in a flat beach.

2. A large number of spigocs .2 opened u», resulting in a low
velocity at the top of the 4o whics in vurn results in the
build-up of the beavh in this rezion, This is necessary to

obtain sufficient material to build the wall.

There appears to be no justification for the use of this method of
deposition since deposition at a velocity between the high and
low velocities would probably produce the same results, i.e. an
overall flattwr umach.

B. The Influence of the Particle Grading Distribution
of the Deposited Material.

Consider two beaches of the same length, with the same deposition
flow rate, but different particle grading distributions in that
the one product has a larger content of coarse material.

it is logical, using the same reasoning as in (A) above, that since
the overflow in each case has the same carrying capacity, the
mound formed by the coarser material will rise more guickly for
the same quantity of deposited material, since less material will
pe carried away in the overflow.
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Thus we can say that the average beach slope will increase for an
increase in the content of coarse material.

The above observations are in general agreement with the work
carried out by Melent'ev et al, {1973) who found (from a large
number of field and laboratory observations on hydraulic £iils)
that the average slope can be expref;sed by:

50 , °

. < H . 3
fay T T % G Ew ) 2.4

o

where a) is a constant (aj = €,15)
Cgo is the initial sediment concentration (Cgp=Qg0/Qw)
dgg is the median perticle size
and h* is the stream depth associated with the scout velocity
of clean water.

Unfortunately, although Ffurther empirical equations which they
develop are based on this equation, the authors do not elaborate on
this equakion except to quote tbe reference from which the
equation was obtained, and :hat Equation (2.4} is the
transformation of the following equation:
b S o)

o ! lg @ 2.5

i = ayC
*av 1

where gyp is the minimal bedform rate of water (a scour criterion)
Qy is the fiow rate of water in the stream
and d* = g,imm

In other words, the average slope is proportional to the initial
sediment concentration and the particle grading distribution of
the deposited material, and is inversely proporticnal to the
velocity of the stream.

In this study, the sediment concentration was not consldered to
have an individual influence on the average slope, since the
initial sediment concentration can be related to the velocity at
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the top of the beach as follaws:

Since dslo = Quo * Uso

where ds51o, Qwo and Qg are the initial Elow rates of the slurry,
tne water and the solids, respectively,

an increase in Qg¢, while keeping Qslo constant, implies a
decrease in Jygq, and hence s decrease in the velocity, (up) at the
top of the beach.

Since the averaye slope is dependent on the inverse of the
velocity at the top of the slope, the average slope is thus
logically dependent on the initial sediment concentration, Cgqa,
buk net necessarily as an individual influence.

it is also felt that, since the averade slope is not dependent on
the entire particle distribution, but rather on the content of
coarse material, the magnituds of iy is not dependent on the dgy
particle size, but more likely on a larger particle size, say dgs.

Again, it is felt that these effects will only be successfully

quantified through the use of a model, with which the desired
cantrel can be obtained.

2.3.3.3 The Posgible Influence of Beach Length

on_the Average Slope (izy) _and n

The validity of the above eguation (Eq. (2.4)) for all beach
lengths, is however doubtful, since the observations leading to
the development of the equation, were generally conducted on
‘short’ beaches (embankmenis for hydro-electric power stations},
these lengths being similar to the range of beach lengths
considered in this study. The saortfall of this equation is that
it implies that no watter what the length of a beach is, the
relastionship between the total drop and the length of the beach is
constant, that is, the magnitude of iy 1S constant,
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Por the range of beach lengths considered in this study, it is
evident that the average slope of the beach for a particular
system can be assuwed copstant, without introducing a
significant ersor.

A problem is however epncountered when extrapolating these
results to beaches of far greater length, if it is assumed that the
parameters iay and n remain constant.

For example, let us compare tae overall dropof a platinum beachof
1g8m length to that of 2 beach of 1§9%n lenyth. Using an izy value
of 1/25, the 16@m beach has a drop of 4m, while the 1860m beach
would have an overall drop of 48m, which would clearly be
unacceptable. (An actual case exists of such a tailings dam for
which the operational beacnh length will eventually reach
approximately 1€08m.)

It is felt nowever, that it is unlikely that this situation will
occur, this opinion being based on the fact that at no saction
along the short beach does uniform f£low occur. Considering the
profile for long gold tailings beaches, one will notice that the
major proportion of the drop occurs over only asmall lengthof the
beach (associated with the supercritical flow condition) after
which the the profile becomes flatter and can in fact be assumed a
linear function of distance, i.e. the beach has an approximately
constant slope which can be associated with & uniform flow

condition.

Applying this hypothesis to the platinum beaches, it is thus
probable that a similar flow pattern will occur for the long
platinum beaches, that is, although the length of the
supercritical region may increase due to the downstream control
being effectively absent, this increase will not be very large,
and if the beach is sufficlently long, Elow will tend to a uniform
subcritical £low condition, resulting in a flatter beach profile.

Figure 2.9 illustrates the above concept from which it can be
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Figure 2.9 : Sketches Illustrating Probable Profile for
very tong Beach
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concluded that if the izy value decreases in this way, then the
wagnitude of n will increase as illustrated by the dimensionless
plots. ,

This change in n probably explains the observation that although
gold tailings is finer than platipum tailings, the n value is
greater for the gold tailings which is contrary to the analysis of
the variation of n in Section 2.3.3.1.

Consider the beach profile in Figure 2.9 to be that of the profile
For the gold tailings dam presented in Figure 2.8(a). If we assume
that the above explanation holds true, and ignore the constant
slope f.e. the uniform flow region, we obtain the beach of length
AB in Pigure 2.9. In this case, the value of izy decreases from
1/39% to 1/168, while the parameter n changes to & value of
approximately n = l,85.

2.4 Summary of the Influences on the Beach profile

Summarized in Figure 2,19 are the variations of the beach profile
which can be expected if variations in the basic system variables

oceur,

For constant system variables, i.e, iz, and n remain constant,
Figure 2.18(a) shows the incremerval beach rise for a constant
beach length, while Figure 2.1¢9(b)} shows the beach profile for
varying lengths of beach.

Figure 2.18(c) shows the variation in the profile with avariation
in the particle size distribution of the deposited tailings where
the magnitude of n increases with an increase in dgg, while the
magnitude of iay increases with an increase in the guantity of
coarse material. In the illustration, izy is shown to be
proportional to dgg as discussed in Section 2.3.3.2,

Figure 2.18(d) shows the variation in the average beach slope with
a variation in the deposition flowrate. In this case, the
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H and n constant

B and 0 constant
T

L increasing

n increasing with
increase in dsQ
iy inereasing with

iy decreasing with
intreage in u,

increase in (say) dgs

Figure 2.10: Summary of Influences

{u, and material constant)

a. Profiles for constant
set of system cenditions
showing incremental
rise of beach

b. Profiles for constant
set of system conditions
but varying beach lengths

c. Profiles for variation
iz deposited tailings
{u, vonstant and L constant

4, Profiles for variation
in deposition flowrate,
i.e. up (initial velocity):
(d5p constant and L
constant)
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magnitude of iay decreases for an increase in the deposition
flowrate,or alternatively, for an increase in the Slow velocity at
the top of the beach (uo).,

2.5 Notes on the Use of the Beach Profile Bquation

It was noted in Section 2.3 that the Eorm of the beach profile
equation i.e.

= RS
Yy =i, L0 %50

was chosen for simplicity in the practical application of the
equation, since this equation can be used for any tailings type by
supstituting the correct parameters for that material.

with the aid of a computer, this equation is very useful cor
modeiling the surface of a t~ilings dam and in calculating
volumes of deposited material. However, in order to use this
equation, an apnroximation ¢f the beach length must be made, and
this can pe dene in two ways.

Firstly, the beach length can be approximated by assuming the size
of the pool, the position of the pool belng known since the
position of the penstock inlet is known.

A problem is however encountered in using this approximation
since the pool is generally not symmetrically located on the dam
surface, due to elevation differences of the tops of the
walls.Hence it is felt that a better approximation may be made by
assuming the elevation of the pool, calculating the drop {H) from
the top of each wall, and, by the indirect use of the iy, parameter
{#/L), calculating the lengths of the beaches on each side of the
pool.

At this stage, there is very little information about the profile
of the material deposited in the pool, and thus a further
approzimation 1s required for this profile. Melent'ev et al.(1973)
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suggest an exponential underwater prnfile of the form:

v = h(1 = ¢ T3¥/L,

where h is the total depth of the pool, and 'a' is a dimensionless
coefficlient. {In this equation, the y axis is positive downwards
with the origin of the axes at the top of the underwater slope.)

This equaticn was however developed for underwater £ills of a
fairly large ratio of drop to beach length (i.e.steep slopes). The
pools on ring-dyke cams were generally observed to be fairly
shallow, and based on the profile presented in Figure 2.3,
(observations taken on a dry dam} it is felt that it will be
sufficiently accurate to use a straight line approximation frowm
the end of the 'dry' beach to the low point at the penstock. The two
equations can be combined by simply extending the dry beach from
its maximum length, 4t a constant slope.

Although a number of approximations are necessary, the equation
of the beach profile nevertheless provides a simple and fairly
agcurate method of modelling the surface of a tailings dam,
requiring the input of only a small number of variables, these
being the relative elevations of the end-points of the beach, and
the beach profile parameters for the 'dry’ and underwater beaches.

This equation can be easily incorporated in a computer programme
to simulate the progress of a tailings dam, and thus predict the
volume of deposited material and hence the rate of rise of the dam
at any stage of its 'life!,
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3.8 THBE VARIATION OF MATERIAL PROPERTIES
ALONG A BEACH

fn order to pe able to assess the ove-all stability of & tailings
dam, it is necessary for the designer to have some idea of how the
material properties vary along the beach from the 7all to the edge

of the pool.

One of the results of using hydraulic £i11 techaigues, is that one
opntains the separation of particles in the criginal material into

coarse and progressively finer fractions.

Since the coarse material, once it has been allowed to
consol idate, has better drainage, and hence strength properties,
tnan the finer material further along the beach, the material
deposited at the top of ‘the beach can thus be used to construct the
wall, wh.ch should be well drained for stability.

This chapter <iscusses the basic principles of particle
separation {in terms of size) in a slurry stream, after which the
results of the studies on the variation of the particle size
distribution ({fractiohation), and the variation of scme
properties of the dry material along the beach, are discussed.

3.1 The variation of Particle Size Along The Beach

(‘tractionation'}

Since the velocity of the slurry stream varies along t! e lengthof
the beach, one can thus expect that this variation will result ina
variation of the particle size distribution along the beach.

In this section,asimplified analysis of how the varia“ion in the
velocity gives rise to particle slze separation is presented,
afrer which the resuvlts of observations conducted on various

tailings dams are presented.
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3.1.1 The Basic Principles of Particle fize Separation
Consider a particle resting on a bed of slope i, with flow in the
direction of the slope. .
Flow
" (velocity u)
T
Fo o2
/ ¥
t w
i
q
|
1 Figure 3.1: Definition Sketch for Critical Velocity
Equation
1 N
: The dra, force Fg is expressed by:
Yu Ubl
- 2
Fq = Cq Ky d T3 3.1
The weighc of the particle is:
= - 3
F, =K v, (G- 1)@ 3.2
e and the force resisting motion Fg is:
¥ P. = F, cos i tand 3.3
where:
Cqg 1is the coefficient of drag, :
ki and kp are constants, H
Up is the bottom component of the stream velocity, 3
'
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G is the specific weight of the soil skeleton,
d is the particle diameter,
and ¢ 1is the angle of frigtion of the material.
In general, a granular particle will slide before it rolls
L (Stephenson {1379)) since:
For sliding equilibrium,
Faq S Fe = Ki 7y, (6 - 1)@ cos i tan ¢ 3.4
For overturning,
3 ‘ 1a ;4
Fao d ¥ Ky ¥y (6 - 1)8° cos i 3
2
{where d is a representative dimension of the particle.)
wnence,
Fao K2 %, (G - 1}&° cos i 3.5
i Since tan $<1, Fgs< Fgo: and the particle will slide before it
rolls.
]
c -jering sliding equilibrium, the condition of incipient
motion of a particle can be described by:
3 tan § = Forces parallel to bed
T . Forces normal to bed A
wnence
- E‘d + Fw 8in i
tan > = ¥ cosi - 3.8

Substituting for F3 and Fy yields

K
(ub)cr = 2 K_:‘ ¢
gd (G-} » td

{cos i tan & - sin i)
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where (up)er is the critical bottom velocity at which incipient
motion takes place. (Equation (3.7) is Kknown as a critical
velocity eguation.) ,
The quantity of the right hand side in Eq.{3.7) is referred to as
the sediment coefificient aA' which depends on;
1. the particles, their size, uniformity, shape, size
distribution, texture etc,,
2. the dynamics of £low, since this determines Cq,
3. the channel slope (i),
and 4, the angle of friction of the material (4.

Following on this principle, a number of empirical equations
predicting incipient motion have been developed. Figure 3.2 shows
one such analysis by Hjulstrdm (1935) of data obtained for
"monodisperse material on a bed of loose material of the same size
of particles”. Thus, depending on the size of & particle and the
velocity of the stream, the particle will either be deposited,
transported, or lifted fcom the bed (erosion),

For the slurry stream on the beach, fractionation thus occurs as a
result of the decrease in the velocity along the beach, as
discugaed in Chapter 2, That is, at the top of the beach, where the
velocity of £low is high; only the coarser particles are deposited.
As the flow proceeds along the beach, the forces causing particle
motion (dray) decrease, with the result that progressively
smaller particles can be deposited.

A problem is however encountered with the slurry flow in
attempting ~. predict the particle size which will be deposited
at a peint, since the behaviour of the particles is extremely

complex.

As in sediment transport theory, the solids in the slurry stream
can be considered to be transported in two states (see Figure
{3.3) these states resulting from gravitational sorting of the
particles at the point of deposition.
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i. Coarser particles are transported in the region of the stream
adjacent to the bed, malnly by rolling, pushing and saltation
{jumping). This state i§ normally referred to as the '‘bedlocd’
of a stream.

Fine particles are transported in a state of suspension, these
particles constituting the 'suspended locad’, {Although this

b

may not be immediately apparent, evidence will pe provided at
a later stage for this ocuwurance.) Note that with increasing
distance along the beach, particles that are initially
carried in suspension settle gravitationally (according to
Stoke's law) and if not 'hindered' may eventually become part
of the bedload.

Since the depth of flow is generally small, (<ig8mm) and the
number of particles in the stream is very large, it is fairly
obvious that in the slurry stream, where flow is generally
turpulent, these two states will not be well defined, and that
Fine particles may be trapped within the bedload, while coarse
particles may be held in suspension due to 'hindered' settling,

For this reason, the fractionation is not as definitive as one
might expect, ani on2 will find fine particles deposited at the
top of the beach, and coarse particles deposited at the end of the
beach.

Thus, at all points along the beach, one will not find a sample
containing particles of a single size, but rather a distribution
of particle sizes with the particles at the end points of the
distributions being approximately similar, the contents of the
fracticns between the end points varying along the beach (see
Figures 1.4 and 3.4). Thus in Equation 3.5, dcannot be definedas
a single particle size, resulting in the need to define a
characteristic particle size.

Melent'ev et al. {1973) noticed that if grading analyses are
conducted at various points along the length of a beach, then at
any one s-scific point, there is 2 fraction within the sample
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wh'ch contains a greater quantity (by mass) of particles, than
each of the other individual fractions, and that this fraction
corresponds with the median particle size dsg of the entire sample
at that point (called the dominant fraction).

The fact that the dominant fraction correspends with the dgg size
is not merely coincidental, but can be explained as follows:

Firstly, the primary influence on transportation of particles is
the hydraulics of the stream, i.e, drag etc., which determines the
distance a particle will travel before it is deposited. At a point
alony the beach, this primary influence is of such a magnitude
that acertainsize of particle is deposited, this logically being
the dominant fraction at that point.

In addition o the stream forces, secondary influences affect the
deposition of particles, these being the trapping of fine
particles in the bedload and hindrance of settling of large
particles in suspension. Thus at a point, smaller quantities (by
mass) of particles both greater and smalier in size than the
dominant particle size, will be present in the peach material.

The dominant fraction is thus a 'central' fraction in terms of
size, and if one considers a sample being made up of a central
fraction that has a greater mass than the individual fractions on
either side of it (in terms of size), then this central fraction
willgenerally correspond with the dsg particle size of the entire
fraction. (See example in Figure 3.4 and Table 3.1.)

Thus in terms of the incipient motion criteria, we can probably
use the dgp particle size as the representative particle size at a
point i.e. in E£9.(3.7), 4 = dsg, since deposition of particles
greater and less than this size rasults from secundary influences
Tesulting from the turbulence and sclids concentraticn of the
stream and not frow the bed forces resisting motion.
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3.1.2. Observed Variations In Particle Size
Along The Beach

3.1.2.1 sampling

At various points along the peach, samples of the beach material
were extracted for particle grading analyses.

In attempting to obtain rep.esentative samples, the follewing
sampling procedure was usad:

i. 8ince each layer of deposition may be overlainby a thin layer
of fines, {see Chapter 4), and since it was felt that material
in these layers was not representative of the beaching
process, it was attempted to avoid these layers by removing
the surface material. Since the fine layers below the surface
cannot be easily avoided, these layesrs may thus still cause an
‘ertor' in the results.

ii., In order to obtain 'similar' samgles at each point, a plastic
sampling cylinder (§-180mm x 10Pmm length} was pushed into
the beach. The cylinder was then carefully extracted by
cutting away the surrounding beach material, the samples
being stored in plastic bags.

3.1.2.2 Particle Grading Analysis

Due to the presence of fines which adhere to the coarser patticles
on drying, the analyses required both wet and dry sieving as well
as hydrometer analyses. Since a large number of samples wete to be
analysed, the £0llowing 'simplified’ put accurate technique was
used, -

Each sample was firstly ovendried for 24 hours at a temperature of
1859C. The dried scil was then broken down into individual
particles using a rubber tipped pestle, after which the sample was




53

thoroughly mixed. A representative sample of approximately 350y
was then sieved {dry) to a minimum sieve size of 3Bfum.

Since the fines tend to a;jhere to the coarse particles, the
material retained on each sieve (yreater than 386um ) was again
carefully broken down with the pestle until the coarse grains
appeared clean and free of fines, after which the material
retained on each sieve was weighed to @,lg.

S8y of the -3g@um material was then placed in 125ml1 of a 4%
solution of Sodium Hexamétaphosphate (a commonly used
laboratory deflocculant), and thoroughly mixed (for 15 minutes)
using a mechanical mixer.

This material was then placed in a graduated cylinder to which
distilled water was added until a 1 litre solution was present.

A hydrometer analysis was then carried out on this material using
a 'percentage passing' nhydrometer which is calibrated in such a
way that areading takenata specified time after the beginning of
the test, will give & direct result of the percentage material
finer than a specified (predetermined} particle size. This method
thus saves a great deal of time since it does away with the
calculations normally reauired when using a 'specific gravity'
hydrometear, as well as allowing up to thrae tests to be conducted
simultaneously.

Once the hydrometer analysis had besn concluded, the material
used in this test was then washed through the remaining sieves,
i,e. 15¢um and 75um . The material retained on these sleves was
then dried and weighed.

The results of a set of te acted on samples from a platinum
heach, (Dam A) are tabulate . Table 3.1, while the same results

are presented graphically in Figure 3.4.

Two points are evident from these results, namely:
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i. The fraction that contains the largest quantity of material,
is centralized in the size distribution, and generally
corresponds well with the dsg size of the sample.

ii. Although the maximum and minimum particle sizes are
approximately the same at each point, the dsg size decreases
with increasing distance along the beach,

Although not evident in the presented results, it was however
noticed while cenducting the tests, thar the coarsest particles
{e.g. >688um in this case) were present only at the deposition
point, {i,e, Om}, and were nct found at any other point along the
beach. This illustrates tne suppression of energy at the
deposition point which results in the deposition of the coarser
particles at this point, while the overflow stiil has sufficient
potential to transport the remaining material,

For the cowparison with other tailings types, and for practical
use of the results obtained, i.e, for design purposes, it was felt
that a standard form of presenting the results was necessary, and
3 N this can be done in two ways:

i. The results can be represented by pletting the variation of
dsg with length along the beach. The results of the tests on
all the tailings dams are presented in Figure 3.5 where
dsg/ld(s@)total 15 platted against the dimensionless beach

. length (%p}. For comparison, the particle size dsp is made

: dimensionless by dividing each d5p size by the dsp $1ze of the

r total tailings.

However, since the above representation does not show the
variation of the individual fractions, (i.e. sand, silt and clay)
the following representation (used by Melent'evet al, {1873)) can
algo be used together with the above representation, giving a
clear overall picture of the fractionatien alon’g the beach:

ii. As shown in Figure 3.8, the sample is dividrd into the various
fractions {sand, silt and clay). The content of material is
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The parameter of fractiomation is :

where
$; 1is the percentage (by weight) of a specific fraction

{e.g.clay) in the sample considered.

9,1 is the purcentage (by weight) of the same fraction as
present in the total (deposited) tailings.

Thus for the sample considered above :

Bosand =45 =2,25  fosilt = 40 =0,67 clay = 15 = 0,75
0 [

5=
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Figure 3.6 : Definition Sketch of the Fractionation Parameter %
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then related Lo the total tailings by expressing the content
of a fraction at a point as a percentage of the same fraction
in the total tailings. The parameter {, S¢ obtained is then
plotted against the dimensionless beach length, thus
illustrating the variation in the content of a specific
fraction along the beach.

The results of the grading analyses are presented in this way in
Figure 3.7,
3.1.3 piscussion of the Results

While examining the results presented in Figures 3.5 and 3.7 one
must firstly recognize that ‘errors' may be introduced by:

i. The inclusion of fines from ‘'clay' layers in the sample.

ii. The possible sampling of points where 'pbeGlorms' may have
caused & sudden decrease in the flow velocity.

iii. The fact that, for example on platinum dams, two stages of
deposition i.e., high and low velocity, may be used by the dam
operator.

These factors can influence the results in that scme samples may
centain unrepresentative propertions of fine or coarse material.

Por the variation of particle size distributions along the beach,
it is therefore feasible to examine the trends of the results,
ignoring, to some extent, those results that seem likely to have
resulted from any of the above influences,

The curves show the following trends:
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3.1.3.1 variation of dgp Along the Beach

Except for the gold tailings, dsg decreases from a maximum at the
point of deposition to & minimum at the end of the beach, the
decrease in dgp associated with the decrease invelocity along the

beach.

Although only approximate 'fits', the curves seem to have
parabolic shapes. This can be associated with the fact that since
the beach profile has a parabolic shape, we can assume that the
average velocity along the beach {that resulted in this slope),
varies in a similar way. Since d5g at a point along the beach is
dependent on the velocity at that peint, the distribution of dsg
along the peach can also be experted to he parabelic.,

Considering the platinum curves curves do not coincide
with each other due to difference in . .e system properties (e.g.Ug)
as well as due to the apovementioned influences that produce
‘errors'. There does however seem to be a correlation between the
slopes of the curyes and the average beach slopes {(igy).

Lf we consider that the manner in which the plots are obtained
{Figure 3.5) gives us a good indication of the degree of particle
size separation along the beach, the degrees of separation on two
or more similar beaches can be thus compared by comparing the
slopes of the plots of dgg/{dgplroral Versus x,. (It is felt
that this is in fact a good method of representing the degree of
particle separation which can otherwise not be quantified.)

Table 3.2 summarizes the slopes of the curves and the iay values
f£or tne respective platinum beaches. From these results, we can
conclude that, ingeneral, the flatter the average beach slope, the
less is the degree of particle separation along the beach.

This can be explained as follows:

Firstly, recall the influences which affect the magnitude of iy,
i.e. the velocity at the top of the beach {ug) and the content of
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3.2 : Comparisgn of Degree of Separation

with Averzge Slope (iay)

(Platinum Tailings)

Dam | Slope of dsp/(dsgitotal | lfav
versus X

A 1:9,65 1:40

8) 1:9,5 1:23

B2 11,51 1:23

D 1:6,56 1:26
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ccarse material in the total tailings.

Considering variations in these influence individually, we can
conclude that:

i. An increase in u, will result in a decrease in the degree of
separation since coarse material which would have been
deposited at the deposition point will be carried in the
overflow to be deposited further along the beach. This will
also result in a flatter beach.

ii. For constant u,, i.e. the same carrying capacity of the
overflow, a reduction in the coarse content would also result
in a flacter beach as well as a decrease in the degree of
separation since more material would be carried in the
overflow to be distributed along the beach.

It seems also, that the degree of particle separation is inversely
proportional to the uniformity of the deposited tailings, which
is in fact logical since one cannot expect a large degree of
separation to ogcur for a uniferm material.

Thus the diamond tailings (Premier) shows a larger degree of
particle separation than the more uniform platinum tailings.

For the gold tailings, the dg; size tends to remain fairly
constant along the beach, with little evidence of particle size
separation, This can be attributed to the fact that the deposited
tailings is a uniform material {’single sized'j.

3.1.3.2 Varjation Of Fractions Along The Bcach

The ‘curves of distributions' (FPigure 3.7) show the following
trends: {again excluding gold tailings)

i. The sand content decreases with increasing distance along
the beach.
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ii, The silt content increases with increasing distance.

These two Curves illustrat’e the particle separation along the
beach in that at high velocities, only the coarse material is
deposited. As the stream proceeds along the beach and the velocity
decreases, more and more finer material which settles through the

suspension, is5 deposited on the bed.

iii, For the platinum beaches, the clay content remains fairly
constant along the pbeach, the clay particles being trapped
and forced out of suspension by the larger particles.

For the diamond tailings, there is evidence of an increase in the
clay content along the beach, this increase attributable to the
fact that the clay is flocculated, and thus individual clay
particles tend to form ‘flocs' which are larger than the individual
clay particles, These 'flocs' will be trapped more readily than the
individual clay particles and may even behave more like silt size
particles thus resulting in an increase in the clay content along
the beach (this behaviour is discussed in Chapter 5).

iv. There is an instantaneous decrease {n the sand content as the
slurry reaches the pool (irem samples taken €,5m into the
pool). The clay and silt contents of the pool material are very
large compared with the contents of these fractions on the

beach.
This illustrates two previcus statements, i.e:

a. There is a definite discontinuity between the beach and the
pool, i.e. the processes of deposition are different.

b. The majorityof the silt and clay particles are transported in
suspension {i.e. as the suspended load), and are carried to the

pool.
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3.2 The Variation in Shear Strength along the Beach

A knowledge of the variatign in the particle size distribution
along the beach is particularly useful, since the drainage and
consolidation properties are strongly influenced by the particle
size distripution, and hence so is the shear strength.

Considering the 'normally’ deposited material just after &
deposition ¢ycle (i.e. ignoring the presence of clay layers), one
can expect a significant decrease in the coefficient of
permeability along the beach, associated with the increase in the
proportion of fine material along the beach.

This can be illustrated using Hazen's equation, i.e.:

k=198d1g2 ¥ is the coefficient of permeability (cm/s)
dig in cam

Figure 3.4 shows that, in this particular case, d)g decreases from
2,867mm at the top of the beach, to #,8Lmm at the edge of the pool,
and the application of the above eguation implies a significant
decrease (two powers of ten} in the magnitude of the coefficient

of permeability.

This variation in the permeability implies that once the
deposited material is allowed to dry, there will be a variation
along the beach in the rate of drainage and hence in the rate of
csnzolidation, resulting in a variation in the rate of gain in
shear strength.

The process of consolidation is influenced by both sundrying and
the seepage of pore water towards regions of lower total head. The
material at the top of the beach, being more permeable, will thus
consolidate far more rapidly than the less permeable material
near the paal.

The rate of consolidation of the material near the pool is also
influenced by the proximity of the pool and the water table (i.e,
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by the hydra:l ic gradieat), and the quantity of seepage from this
material is very much less than that from the material at the top
of the beach. Furthernore, due to the downgrade of the beach and
the presence of clay layers, pore water will also tend to migrate
from higher up the beach towards the pool, replenishing the pore

water lcst through evaporation and seepage.

Presented in Table 3.3 are tne variations along the beach in the
density, void ratio, moisture content and degree of saturation,
from which on2 can notice the significant variation in the rate of
consolidation along the beach.

Figure 3.8 shows the variation in zzasured shear strength along
the beaches of four platinum dams, Dam £ being inoperational (dry
for approximately § months) while all the other dams were fully

eperational.

= shear strengths were measured using a hand shear vane, all

m raments being taken with the blades at an average depth of

,Em. The tests were performed at & quick rate, the measured
strangtns thus representing 'peak’ undrained strengths. (The use
of undrained strength in a stability apalysis is based on the
probability that a sudden failure will not 4llow the dissipation
2f excess pore pressures that may exist in the material, or that
may develop during shearing of the material.)

Again it was necessary to present the results in a dimensionless
form so that a comparison of the variation in strengths between
the various dams could be made. As a result of different 'drying
times’ on different dams, there is little possibility of
obtaining a similar set of results for any two dams.

The shear resistance of a soil mass is dependent on the void ratio
of the material, since the smaller the void ratio, the greater the
degree of interlocking be ween soil particles, and the mors the
soil must 'dilate' in order for the particles to move up and over
ohe another, implying an increase in the shear resistance,




Table 3.3:

Variation in Moisture Content, Density,

Void Ratio and Degree of Saturatien.

Field Dry void De%rgg
%o M.C Density Density | Ratio o
Baturation
(%) (kg/m3) (2)
[ 15 2881 1889 2,52 79
8,33 | 21 2029 1677 2,64 EL]
8,66 | 23 2062 1627 9,69 92
1,8 32 1931 1463 9,89 99
1,0 \_
T |
Taax el
0,8 ~]
\ \;\ —1 | ~~& ¢ Dama
™ ¥—x Dam B
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Figure 3.8 : Dimensionless Plots of Shear Strength vs,
Distance from Deposition Point {Platinum Tailings}
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Thus, associated with the increase in the void ratio along the
beach, one can expect a decrease in the shear strength due to the
decrease in the degree of interlocking between the soil grains.

The fact that the variation in the shear strength is so large can be
attributed (Blight - personal communication) to the development
of capillary stresses in the partially saturated material at the
top of the beach, resulting from desicecation. The sundrying causes
pore water tensions, which increase the stress between the soil
particles, tending to overconsolidate the material.

The dilata.cy of the overconsolidated material at the top of the
pbeach increases the shear strength of this material
significantly, relative to the ‘loose’ normally consclidated
material further along the beach, when sheared at the same
overburden pressure.
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4.9 THE LAYBRING PROBLEM ENCOUNTERED
ON TAILINGS DAMS

As mentioned in Chapter 1, a layering effect is encountered on
nost tailings dams, where consecutive layers of deposition are
separated by thin layers of fine,relatively impermeable material
(clay layers). (See Figures 4.4 and 5.1.)

Since this occurrence is p'cblematic in that it may ultimately
lead to the faflureof adam, it was attempted during this study, to
define the major causes of the layers in order to propose a
solution which would minimize their formation.

1his chapter deals with the effects of an anisotropic
permeability on the position of the phreatic surface and the
possible resulting influences on the stability of the dam, the
causes of clay layering and the suggested solution to the problem
of minimizing the formation of these fine layers.

4.1 The Effect of Anisotropic Permeability on the Position
of the Phreatic Surface and the Stability of the Wall

For a layered system, where the permeabilities of the alternate
layers are significantly different, one can logically conclude
that the principal movement of water in such a system will occur
in the material with the greatver permeability.

If we denote the coefficients of permeability of the alternate
layers as k3 {normally deposited coarse material) and kp (clay
layers), and the coefficients of permeability of the 'systen' as kp
(£ar horizontal permeation), and ky (for vertical permeation), we
can make the following conclusions:

i. IE the wagnitude of the ratio ki/ky is close to unity i.e. the
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system approximates to an isotropic system, the ratio kp/ky
will also be close to unity.

ii, If the magnitude of theratio k)/kp is large (i.e. anisotropicy,
than the permeability of the system will be affected as
follows:

A. Due to the presence of the impermeable layers, the vertical
permeation through the system will be reduced, i.e. ky will be
small.

B. The reduction in vertical permeation results in a tendency
for the water to flow in the material between the clay layers,
the direction of the flow depending on the magnitude of the
ratio Kp/ky which varies as the ratio ki/kp varies, i.e the
greater the difference in the permeabilities of the layers,

the greater the tendency towards horizontal flow.

Figure 4,1 illustrates the effect of the anisotropic permeability
of the tailings, which has little effect on the position of the
phreatic surface for low values of kp/ky. Table 4.1 shows some
typical measured values of the ratio of the permeabilities of the
cearse (k]) and f£ine (kp) fractions.

The ratio of horizonta. to vertical permeabilities depends on the
thickness of the relative layers, and Blight (1979) calculated
that for diamond tailings (XKimberley -ky/ky = 68 788), theratioof
horizontal to vertical permeabilities was approximately: Kkp/Ky
= 2598

Blight says that this high value of Kp/ky, is "sufficiently large
to force the phreatic surface to become almost herizontal, which
is in fact the case at Kimberley".

The possible results of the layering are:

i. The phreatic surface is raised, causing seepage through the
sides of the dam. This seepage may also occur due to a series
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Table 4.1: Measured Values of ki/kz

Tailings kKi/1p
Gold 3 -1
Diamond 68 706
Platinum 309 - 1808

(After Blight and Steffen (1979) and Jennings (1979} )

rosaron 17
N

Figure 4.1 : Effect of Anisotropic Permeability on
the Position of the Phreatic Line
(After Blight and Steffen (1379))
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of perched phreatic surfaces caused by the clay layers.

ii, The wall stability is reduced due to the raised phreatic
surface and the resulting high pore pressures set up in the
wall material.

iii. The resulting horizontal permeation may initiate 'piping’
and subsequent erosion through the body of the tailings,
which may eventually resulc in ~ “reach of the wall (Jennings
1979},

Investigations followinyg the disastrous failure of Bafokeng
Slimes Dam No.l led to the conclusion that the failure was
actually initiated by 'piping' through the layered wall (Jennings
197%). Figure 4.2 shows the mechanisms of piping suggested by
Jennings.

In Fig.4.2, the water level in the pool rises suddenly (e.g.during a
heavy rainfall) from level (2) to level {(1).

"Water will flow quickly into the slime of the wall which
will probably be partly saturated in the vicinity of the wall.
The water encounters layers of fine slime, It tends to run
along the tops of these layers and fairly quickly saturates
the coarser material sandwiched between the fine layers.

Under the influence of the additional superimposed load as
the dam was raised nhigher, the coarse material tends to take
up & swaller volume. If conditions such as thicknesses of
layers are not homogeneous and uniform, a local open passage
can develop beneath a fine slime layer. In this way a pipe can
be started and in due course a jet of water may emerge from the
face of the dam, as in Fig.4.2(b). As the pipe quickly expands
wedges of soil break out to create an open channel and
ulcimately the dam fails.*

Flow slides (slope failures followed by the flow of liquified
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tailings), thought to be associated with the raised phreatic
surface, have occured at Kimberley tailings dam and more recently
at a platinum dam, thus stressing the need for further
investigation of the 1ayer‘ing problem.

4,2 grief Assessment of the Layering Problem for the
various Dam_Types

From the values quoted in Table 4.1 and from the fact that failures
have occured at both platinum and diamond tailings dams, the
problem is unquestionably in need of a solution.

However gold tailings differs from diamond and platinum tailings
in that it generally has a small coarse fraction and consists
almost entirely of silt and clay sized particles (Fig.l1l.1).
Because the material is fine-grained and single sized, and there
ig little evidence of an, particle size separation even over very
large distances (Chapter 3), gold tailings i. deposited in a
different manner, resulting in different design principles.

The deposition procedure is as follows:

During the nights, the tailings is deposited into the body of
the dam, thus allowing the development of a beach {Fig. 1.3)

During the day, the tailings is deposited into 'paddocks’
enclosed by inner and outer crosswalls (Fig. 1.3 -'day wall').
After deposition, the tailings is allowed to dry for 2 to 3
weeks by evaporation and seepagé, after which the dykes and
crosswalls are raised by hand-packing moist material,
resulting in a strong 'shell' as the wall of the dam.

The solids thus settle out gravitationally resulting in 2
situation opposite te that desired for platinum and diamond
tailings, i.e. each layer of deposition isoverlain by a thin layer
of f£ine, less permeable material.
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The occurrence of these fine layers in the paddocks is desirable
since their presence prevents the re-entry of substantial
quantities of water during subseguent deposition and during
prolonged periods of rainfall (Chamber of Mines Handbook 1979}.
However the same reference accepts that the above situation is
only acceptable Lf ky/k, remains low so that there is little
possibility of the formation of channels of concentrated flow,
during periods of prolonged rainfall, which may result in piping,

Although piping is commonly observed ingold tailings, the piping
appears to be associated with shripnkage gracks, and has not yet led
todisastrous failures, Tr.is there islittle justification for any

changes to the system.

Unfortunately the same deposition method cannot be used for
diamond and platinum tailings for the following reasons:

i. Since only gravitational sorting occurs, the values of kp/ky
in the paddocks would certainly be higher than those quoted in
Table 4.1, these va-.ues already being far greater than the
acceptable values.

ii. Along the length of the wall (i.e. into the page in Pigure
1.3(2)), the paddocks must be graded to allow for the natural
peaching gradient of the material. This natural gradient is
f£ar greater for diamond and platinum tailings due to the
presence of a larger quantity of coarse particles in these
materials, The paddecks would thus be steep in the direction
of the wall, and this would lead to problems in achieving the
required freeboard around the entire dam.

Thus it can be concluded that the gold 'paddock' system is
unsuitable for platinum and diamond tailings, and that the
solution te the layering problem must be sought elsewhere.

in attempting to reduce the effect of the fine layers on platinum
tailings dams, a construction method has been adopted whereby the
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dry tailings in the proximity of the wall is mechanically pushed
back and used to raise the wall (Figure 4.3). In this way, the
layers near the wall are dgs:!oyed to some extent,

It is felt however, that this method possibly worsens the
situation, since the cutting-back of the beach allows the
formation of horizontal layers along which seepage towards the
wall can take place (see later discussion).

Blight (1979) concluded that the layering problem in diamond
tailings is worsened by the fact that the clay content of the
tailings is strongly flocculated and that an attempt should te
made to deflocculate the clay and thus improve the situation. The
deflocculation of diamond tailings and the use of hydrocyclones
are discussed in Chapter 5,

4.3 The Formation of Clay Layers

During the visual studies of the slurry flow and the beach
development process, it was observed that the formation of clay
layers occured on all the types of tailings dams. Since in most
cases, it is difficult to delineate accurately between the fine
and coarse layers, the observations are presented in a qualitative
form.

(Note: The term 'clay layer' is used throughout although in the
case of some tailings types, clay minerals may not be present and
the layers consist of clay-sized particles (i.e. less than
9,882mm).)

4.3.1 The Modes of Formation of Clay Layers

On all the types of tailings dams, one can observe clay layers
overlying various regieons of the dam surface. The layers vary in
depth and area according to the mode of formation.
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The various modes of formation are:

1. Layers resulting from gravitational settlement

Clay layers are generally found ir areas where gravitational
settlementoccurs after a deposition cycle. Examples of this type
of formation are:

i. In the space between the constructed wall and the 'mound*®
where stagnant tailings collects during the deposition
cycle,

ii. In the basin of the mound itself which is Ffilled with
stagnant tailings.

iii. In scoured rivulets where & change of direction occurs
resulting in a furrow which retains tailings after the
deposition cycle.

iy. Due to the cutting back of the beach during wall puilding,
reverse slopes might eccur on which the tailings can settle
gravitationally.

2, Inefficient closure of spigots

At the end of a deposition cycle, the spigots (or valves) are
seldom shut off properly, and as a result, fine material that can
pass through the small openings is deposited on the beach. Aftera
while, the slurry in the pipe blocks up the openings and no more
material can pass through the openings.

This situation can cbviously only be rectified by ensuring the
proper closure of the spigots at the end of the deposition cycle.




79

3. overflow from rivulets of concentrated flow

In order te understand this mode of formation, recall firstly the
distribution of particles in the slurry stream, i.e. the coarse
particles (constituting the bedload) are transported close to the
previously deposited bed,while the silt and ¢lay sized particles
are transported in suspension.

it can thus be concluded that, shoild overilow from rivulets
oecur, then this overflow will consist almest entirelyof silt and
clay sized particles. Should coarse part:cles be present in the
overflow, they will be deposited iamediately due to the low
carrying capacity of the overflow =tream.

This overflow from rivulets of concentrated £low does cccur on a

ting from:

fairly large scale, the overflow raz

i. Surges in the flow.
ii. Sudden increases in the flow de
iii, Collapses of parts of the ':
underscouring.
iv. Overflow at the ends of the 'tro.3k?
ring main by the deposited tai.inza.

after hydrzalic jumps.

' 3f the riv..sts due to

oured pazzllel to the

Plate D shows a length of a platinum deaxn on which deposition is

is photograph that the deposition

taking place. One can see from
area is higher than the surrounding arexs, and thus any ocverflow
will tend to flow towards tie areas surrounding the sliming
section, with little possikility of the overflow being washed
away into the pool. {Note that, for at l=ast part of the lergth of
the beach, the cancentrated £low is contained within the sliming
region since the supercritical flow tends to procead along a
straight path.) One can also notice that the entire foreground area
in this photograph is wet, although fairly well removed from the
sliming area.

This 'moisture' is in fact overflow material from the wain sliming
area and was observed to consist of very fine material, the depth
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Moist area consists almost entirely
of clay material

Plate D - Overflow of Fines onto Regions Adjacent to S1iming Area
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of the layer varying from S5-lgmm (approximatelyj.

This layer covers a large area of the surrounds of the siiming area,
and the continuity of the layer thus leads to this mode of
formation being considered the major contributing factor to the
anisotropy of the system.

It should be noted that the cutting-back of the beach, in
combination with this mode of form :ion, mayresult in horizontal
layers, or even layers sloping .owards the outside of the dam
(Figure 4.4), which are felt to be very undesirable for the

following reason:

1E one congiders that for Seepage towards the wall to occur, and
nence for piping (as suggested by Jennings) to occur, then
horizontal or negatively sloping layers are more likely to result
in such flow. (Note that Jenning's analysis was based on the
presence of horizontal layers formed by gravitational
settlement.)

1f the naturally formed beach profile was left as formed, then the
slope of the layers at the top of the beach would be steep, since
the slope of the beach is a maximum in this region., Thereforse,
seepage towards the wall would be unlikely due to the high
gradient that would be required to cause upward flow.

However, once the beach is cut back, the much shallower or
negative slopes may allow seepage towards the wall to occur.
Furthermore, these layers, being at some depth after a deposition
cycle, will not be destroyed during the next wall building step,
although the majority of the steep sloping layers which prevent
seepage towards the wall, will be destroyed.

4.3.2 Suggested 8Solution te the Layering Problem

The above description {overflow) of the formation of clay layers
differs from other suggestad modes of formation ia that the layers
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are formed outside the sliming area.

'E'rom this fact, the solution to this problem is fairlyobvious, and
involves the construction of training walls (parallel to the
direction of flow), which contain the flow within the sliming
area (Figure 4.5), {The solution is only applicable to spigot
systems that actually require such a solution.)

It was observed that training walls have in fact been used on
platinum tallings dams. These walls were however spaced
approximately 1#dm apart, resulting in the deposition cycle
probably covering only part of the region between the walls, and
thus the above described formation could still occur.

The efficiency of the walls in minimizing the formation of clay
layers depends on the following factors which should be
considered in the design of the walls:

i. The spacing of the walls must correspond with the width of
the beach normally slimed during a deposition cycle, t.e. no
area of the beach between the training walls should be

partially slimed.

ii. Since subcritical flowresults partially due to the widening
of the stream, the length of the walls should be as long as or
longer than the supercritical region, thus forcing the
supercritical flow to occur over a longer distance. The higher
velocity so obtained will ensure that & larger amount of fines
will be transported tc the pool.

iii. The ideal wall spacing and length would, in combination with
the normal flowrate, produce 'sheet f£low' covering the entire
Area between the cross-walls. Since the flowrate {Q/b) is
dependent on the number of _spigots opened during the
deposition cycle, it is envisaged that a trial and error
approach will be used to determine the ideal flow rate and
thus wall spacing for s specific dam. The trials will thus
need to be carried out for a number of wall spacings until the




84

"Ring~Main"

Beach Direction
of ¥low

Training Wells

Figure 4.5: Plan View of Beach Showing Position of

Training Walls used to Minimize Formation
of Clay Layers




s

85

desired effect is achieved.

iv. Jennings {1979) recognised that when training walls were
used, the front-end load'er would often form depressions in the
beach in which gravitational settlement, and hence the
formation of layers could occur. In the construction of these
walls, it is thus very necessary to aveid the creation of such
irregularities in order to avoid the formation of layers.

v. The creation of horizontal or negative slopes by the wall
building process must be avoided as far as possible. This can
be done by botrowing material over a longer length of beach,
instead of borrowing to a depth in the immediate vicinity of
the wall. In this case, the beach slope and hence the slope of
the layers will ensure that seepage will not readily take
place towards the wall, and that the potential of the layers
to pecome slip surfaces will be minimized.

As mentioned above, the ideal flow condition will be high
velocity sheet flow, since this flow will allow very little
settlement of fines held in suspension, as well as 'transporting'
a greater proportion of the fines into the pool.

It is felt that, by using this simple and fairly inexpensive
solution correctly and effiriently, in addition to the fines
content on the beach being reduced, the formation of clay layers
will be minimized, thus increasing the factor of safety against
the pessibility of piping through the wall and against pessible
slip failures.

The above solution has in fact been implemented at a platinum
tailings dam, but it will be some time before a judgement of the
resules can be made,

S RO, o R



85

5.0 KIMBERLEY DIAMOND MINE TATILINGS DAM -
A STUDY OF PROBLEMS ASSOCIATED WITH THE
PRESENCE OF FLOCCULATED CLAY

5.1 Introduction

Ideally, when using hydraulic £ill technigues, the clay fraction
should remain in suspension and be carried to the pool, thus
minimizing the clay content along the beach and the negative
effects of a high clay content on the permeability and the shear
strength of the wall material,

However particle size grading analyses conducted on material
from the beaches of Premier and Kimberley Tailings dams have
revealed that a relatively large amount of clay is being trapped
along the length of the beach. (Blight (1979) and tests conducted
by Blight on Premier Mine tailings.) The beach material appears to
consist of "layers of an undifferentiated mixture of sand, silt
and clay, separated by thin clay layers” (Figure 5.1).

Presented in Figure 5.2 are the dimensionless plots of
d5¢/(d5@) toral Versus %g¢ and the ‘curves of distribution',
illustrating the fractionation observed at Kimberley tailings
dam.

The plots show that at Kimberley, there is very little particle
size separation along the beach and the contents of the various
fractions remain fairly constant along the beach, Blight (1979)
attriputed this behaviour to the fact that the tailings is
strongly £locculated, i.e. the clay particles are attracted to,and
become attached to one another.

It is interesting to note that although the total tailings at
Kimberley and Premier mines are fairly similar, the degrees of
particle reparation achieved are very different., Although both
tailings contain flocculated clay, it is felt that the difference
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in separation arises from the vast difference in the beach
lengths, which result in a difference in behaviour of the
flocculated clay, and hence a difference in the flow

characteristics of the slurry stream.

The tailings 4am at Premier Mine is a valley dam, with a beach
length of 156 to 288m. This beach length can be attributed to the
fact that the 'pool’ is actually a very large water reservoir, and
thus the water level probably does not change very much with time.
{The observations on the beach profile actually indicated thét
the level of the pool had dropped slightly in the time between the
end of the deposition cycle and the day on which the observations
were taken.) For this situation, the beach length will probably
increase with time, since, as the total drop increases (as the top
of the beach builds up), so the length of the beach increases (see
Chapter 2).

At Kimberley, a different situation occurs since the pool
occupies almost the entire surface area of the dam, resulting in
very short beach lengths of § to 25m. This large pool is simply a
result of the fact that an excessive amount of water is being
retained on the dam, Since the pool size remains constant, the
beaches do not increase in length, and are at their shortest at the
beginning of a deposition cycle (see Hydrocyclones).

Let us now compare the behaviour of the slurry flow at each dam:

Firstly, it is necessary to note that while 2 low shearing rate
(i.e. low velocity) may accelerate the formation of flocs, a high
shearing rate may be responsible for the breaking up of flocs (Graf
1971). Thus the high velocity of £low in the delivery line will
probably not allow the formation of £locs, while once depositedon
the beach, flocs may form at lower velocities.

At Premier Mine, the deposited slurry behaves initially like an
unflocculated slurry, since high velocities exist at the top of
the beach, allewing little floc formation, and hence the
viscosity of the suspension remains low {(the viscosity increases
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as the suspension bacomes more f£locculated - see Section 5.2).
Thus the beach develops in the same way as discussed in Chapter 2.

However, as the velocity ’ decreases with distance from the
deposition point, the shearing rate also decreases, and thus more
flocs begin to form. As nated in Chapter 3, these flocs, being
greater in size than the individual clay particles, are more
readily trapped by the larger particles settling out of the slurry.
Due to their increased size, the flocs may also behave like silt
sized particles, with the overall effect being an increase in the
clay content along the beach.

Since the beaches at Kimberley mine are so short, the backwater
effect of the pool extends over the entire length of the beach,
causing subcritical flow at the top of the beach. The low shearing
rate thus accelerates the formation of flocs, and the slurry
becomes very viscous even at the deposition point.

The slurcty stream thus behaves like a highly viscous 'mud', being
‘pushed’ along the beach by the freshly deposited material, rather
than 'flowing’ along the beach.

One can thus imagine a difference in the velocity and particle
distributions as shown in Figure 5.3.

Por the unflocculated suspension, or the £locculated suspension
athighvelocities, the velocitydistribution may be assumed to be
continuous, the particles being sorted gravitationally into the
'vedload' and the 'suspended load'. (This is evidenced by the good
degree of separation occuring at Premier tailings dam.)

However for the flocgulated suspension, while the velocity is
shown to be very low, a discantinuity in the velocity distribution
is also shown, since it was observed that the flocculated solids,
being viscous, undergo an immediate settlement as a 'body'. This
immediate settlement results in a clear water layer, which flows
over the slower moving viscous suspension.
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The flocculated suspension is also shown to have a poorly defined
particle distribution since the formation of flocs and the
resulting high viscosity of the suspension inhibits gravi-
tational sorting. '

The result of the high viscosity and the poorly defined particle
distribution is that, although the total material is separated
inte a coarse fraction {(beach material) and a fine fraction
{deposited in the pool), there is little evidence of particle size
separation along the beach, while the clay content is high along
the length of the beach,

Discussed in this chapter are two possible methods of achleving
the desired particle size separation, the two methods being:

1. the deflocculation of the clay content of the slurry by the
addition of deflocculants, and

2. mechanical separation of the tailings into coarse and fine
fractions, using hydrocyclones.

5.2 The Deflocculation of Clay in Diamond Tailings

5.2.1 Introduction

As mentioned in the introduction, a notabla characteristic of a
slurry containing flocculated clay, is the high viscosity of this
suspension at low shearing rates.

Clays such as bentonite (sodium montmorillonite) are thus very
useful as drilling muds due to their thixotropy, i.e. the cla,
the- presence of water) behaves like a liquid at high shearing
rates, and can thus be utilized as a lubricant. However, once the
drilling is stopped, the clay becomes a viscous mass as it
flocculates, and thus seals the borehole against losses and
prevents the collapse of the sides of the hole.
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Included in Appendix A3 is the theory of flocculation and
deflocculation of clay minerals, which can be sunmarized briafly
as follows:

1f the net effect of the attractive and repulsive forces between
clay particles is attractive, the particles move towards each
other and become attached i.e flocculated.

The deflocculation of clay is achieved by increasing the
repulsive forces between the clayparticles (usually by replacing
the 'exchangeable cation') so that the net 2ffect {s a repulsive
force, in which case the particles tend to move away from each
other, i.e.become dispersed or deflosculated. Deflocculationofa
suspension results in both a decrease in the viscosity of the
suspension as well as a decrease in the rate of sedimentation of
the clay particles from the suspension.

Since the poor particle separation achieved at Kimberley results
from the high viscosity of the slurry, a logical way of improving
the separation is to deflocculate the suspansion whereupon the
resulting slurry would have the following properties:

i. Due to the lower viscosity of the suspension, the flow
properties of the slurry on the beach will be much improved,
Firetly, the velocity of the stream at the top of the beach
will be higher with the result that, in combination with the
gravitational sorting, most of the coarse particles will be
deposited at this point, instead of being transported further
along the beach. This implies that the average slope of the
beach would be steeper than before, which in turn implies
higher velocities along the length of the beach, This implies
poth a better degree of separation along the beach; as well as
an increase in the guantity of fines transported to the pool.

i. 8ince the clay floes will be dispersed, and the suspension
will be less viscous, gravitational sorting will occur to a
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greater extent, with the dispersed clay particles remaining
in suspension and being transported to the pool.

Overall, ondeflocculating the clay content, one could expect both
abetter degree of separation of the material, as well as a reduced
clay content along the beach.

6.2.2 Identification of Clay Mineral Types
in Diamond Tailings

Since the deflocculation of clays requires the rzplacement of
adsorbed flocculating cations by cations which tend te
deflocculate the clay, it is therefore nacesssry to identify the
clay types preseant in the tailings and the catlpns presently
adsorbed to the clay.

5.2.2.1 Possible Clay Mineral Types Present
in Diamond tailings

The materizl at both Kimberluy .nd Fremier Diamond Mines is
mined from volecanic pipes £ille. mainly with the ultrabasic rock
kimberlite. In addition to kimberlite, the pipes contain masses
of non~volcanic material derived from the formations traversed by
the pipe,

Extensive studies have been carried out on kimberlites to
identify the minerals present. The many various minerals
identified are fairly common in most kimberlites, the clay
minerals of interest to this study being montmorillonite,
saponite and vermiculite (Kresten 1973}, all of which have
undergone a certain amount of isomorphous substitution (Table
5.1j. The predominance of these minerals depends on the extent of
alteration and weathering of the original kimberlite
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5.2.2.2 X-Ray Diffraction Apnalyses

Inorder to identify the clay minerals present in the tailings, X~
ray diffraction analyses wer'e carried out on specimens from each
tailings dam. To separate the clay fraction,-289V® samples were
allowed to stand in L litre sedimentation cylinders (indistilled
water) for 24 hours. The top portion of the suspension was then
removed and part of each sample was soaked ina | Normal magnesium
chloride solution for 24 hours (soazking in MgClp tends to
accentuate basal reflections of smectice clay minerals which
ware suspected to be present - Figure 5.4)., The excess MgCly was
then washed off as efficiently as possible by repeated addition
of distilled water followed by agitation and separation of the
solids by means of a centrif ije.

The six samples were then analysed by the department of Geology
at the University of the Witwatersrand, The X-ray traces, all very
similar, conclusively indicated the presence of smectite clay
minerals {first order basal reflections >15;\ were observed in
each case). Montmorillonite and saponite are members of the
smectite group of clay wminerals and it has generally been found
that,in smec.it2s, the adsorbed cation is Calcium (Ca2¥), a
floceulating cation.(Prof. J.R. Mc Iver, persenal communi-
cation, Mitchell 1976, and Grim 1968.) (Note that a brief reviewof
the structure of smectite minerals has been included in Appendix
Azl

Returning to the theory of deflocculation, the isomorphous
substitution undergone by these minerals and the presence of a
flocculating cation (Appendix A1), point to the fact that these
minerals will readily flogculate in the presence of water.

1t was thus assumed that the flocculation problem in the diamond
tailings was as a direct result of the presence of these clay
minérals and that this assumption should be the basis for the
application of the deflocculation theory.

Referring to Table 5,1, it can be seen that the clay minerals in
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question exhibit similar characteristics, i,e. cation exchange
capacity and isomerphous substitution.

As a gimplification therefn’xa, the theory is spplied to % single
clay mineral, montmorillonite, as if this were the only clay
mineral present, The presence of other clay mineral types (known
or unknown) is acknowledged, but it is assumed that they will be
influenced by deflocculants in the same manner as the
montmorillonite, should this influence be possible.

5.2.3 Laboratory Deflocculation of Tailings

The degree of deflocculation {or flocculation) of a suspension is
not quantifiable, but can only be illustrated in relative terms,

In Section 5.2.1 it was noted that the major characteristic
changes of the suspension on addition of a deflocculant are:

i. & decrease in viscosity and

ii, a decrease in the rate of sedimentationof clay particles from
the suspeasion,

This implies that a comparative study may de nade by measuring
the variation of viscosicy with increasing deflocculant
concentraticn, and observing, by means of sedimentation
cylinders, the effect of the optimum deflocculant concentration
on the suspension. (Although the sedimentation cylinders do not
model the actual situation accurataly, it is nevertheless felt
that this is an adequate means of conducting a comparative study.)

A humber of commonly used sodium deflovculants were tested in
this manner, and the results of the tests on the tailings from both
Premier and Kimberley mines are presented below together with the
laboratory procedure for testing.
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5.2.3.1 Viscesity Tests

The viscosity of the suspe'nsion was measured usiag a portable
viscometer which consists of two coaxial cylinders, the outer
cylinder being driven at a constant speed by a two-phase
synchronous mocor. When immersed in a suspension the outer
cylinder causes the liquid between the two cylinders to 'rotate',
and the viscosity is medsured as a function of the drag exerted by
the liquid on the inner cylinder.

For each deflocculant tested, an initial reading at zero
deflocculant concentration was taken, this readiny being the
bagis for the caleculation of percentage reduction ip viscosity.

The wvariation in viscosity was noted for increasing
concentrations of added deflocculant solution, the concentration
being determined by noting the mass of added deflocculant and the
total nmass at each step.

{Note on presented curves:

Although initial viscosity readings were gquite similar, no two
initial readings were exactly the same, probably due to
differences in the solids concentratious, Purthermore, one must
be careful when interpreting the observations, since, while a low
shearing rate may accelerate the formation of fiocs, too high a
shear rate may be responsible for the breaking up of flocs., Thus
only the results obtained at the lower shearing rates have been
presented. The presented plots are therefore intended to reflect
trends and should notr be interpreted as being exact.)

5.2.3.2 Determination of the Best Oeflocculant
Concentration for Practical Use

In order to determine the variation in the viscosity of a
suspension for varying concentrations of added solution, and thus
the best solution for practical use, let us firstly consider the
addition of a single defloceculant, namely, soda ash,
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Figure 5.5(a) shows the results obtained by the addition of
varying concentrations of aqded solutions of NayC0j3 (Soda ash) in
distilled water,

Taking as an example the 5% curve, this curverelates to the change
in viscosity when a 5% solution {5g solid Na,Co3 in 1689 solution
(H20 + NazCO3) ) is added in such guantities so as to give the
overall concentration of solid NayCO3 with respect to the total
solution i.e. xg NapCOj solid per 188g total solution.{The total
solution includes the tailings and the added deflocculant
solution.}

hs the exchangeable cation is most probably Ca2+, we can refer to
the clay as Ca clay.

With reference to Appendix A3 which deals with the behaviour of
clay in the presence of a salt solution, we can describe the
reaction occurring as:

Ca clay + NayCo03 Na clay + CacCOj3

(Note that in these equations no valency is ascribed to the clay,
and where a cation M is adsorbed on thie clay, the clay is denoted M
clay no matter what the valency of the ion M. For this reason,
these equations may not "balance" on the left- and right-~hand
sides (Ryan 1978).}

Calcium carbonate has a low solubility (1,3.18-¢ moles/litre)
relative to soda ash (which is highly solukle) and we c¢an conclude
that the resaction will proceed to the right (evidenced by the
achievement of deflocculation).

Thus at high enough concentrations of deflocculant, the sudium
ions replace the calcium {ons to produce a deflovcculated scdivm

clay.

Also plotted in Fig. 5.5(a) is the contribution of added Hy0 to the
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Figure 5.5(a) : Percentage Reduction in Viscosity versus
Nverall Deflocculant Concentration
using Soda Ash

(Note: Tests conducted on Premier Main Tailings unless otherwise
indicated.)
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reduction in viscosity for the 1¢% NayCO3 curve. This curve is
obtained by adding an equivalent amount of distilled water to the
suspension as would be added in the 18% solution of soda ash and
water.

Similar curves may be plotted for the other added solutions, and
it is found that for a 2% solution the 'water contribution curve'
lies very close to the deflocculant curve, i.e, the net effect of
the deflocculant is very small when added in a low concentration
solutien.

We can illustrate this by plotting the net effect of the added
deflocculant, i.e. the overall reduccion in viscosity minus the
reduction in viscosity attributable to the added water (Figure
5.5(b)). Phe decrease in reduction of viscosity at higher
concentrations is due to an effect known as "overdoping" whereby
the cation exchange capacity of the clay is exceeded, at wh.ch
stage any further addition of s»dium ions will crowd the double
layer and reduce the negative potential of the clay (Ryan 1978}.

From the resulting curves it can be concluded that the
deflocculant has the greatest net effect on the reduction of
viscosity when added in solid form (i.e. no added water), although
the addition of deflocculant in the form of & low concentration
solution produces a far greater overall effect. This can be
explained (refer to Fig.Ad(b)) by the Ffact that for a
deflocculated suspension, the resultant repulsive force between
clay particles is greater in a more dilute suspension {greater
separation distance between particlea) than in a less dilute
suspension in which the resultant force may even be one of
attraction,

Comparing quantities of water «iid solid deflocculant required to
achieve a specified overall concentrationof say @8,2% we £ind tl:nt
if added to LKg of tailings, we need approximately 2,889 NayCo3
and 4@y H,0 to achieve the specified concentration by adding a 5%
solution, (See Appendix Ay for calculation.) To achieve the same
overall concentration by adding a 2% solution, we need
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approximavely 2,22g MapCO3 and 189g "10.

Thus & substentially larger quantit, of water is added in the 2%
solution,resulting ina mcr’e dilute suspension and thus a greater
separation of particles. Alsa, the viscosity of a suspension is
propertional to the solids concentration (Graf 1371) and thus,
even for an unflocculated suspension, the viscosity would
decrease for a decrease in the splids concentration.

1t should also be noted that the above comparison shows that a
greater mass of deflocculant is needed for the 2% solution.
However the overall reduction in viscosity is far greater on
addition of the 2% solution, and & direct comparison of the twe
solutions i.e, achievement of the same reduction in viscosity,
yields a result where less deflogeulant is .equired in the 2%
solution. For example, to achieve a reduction inviscosity of 45%,
we need 1,859 NaCO0; and 52g water in the 2% solution, and 2,88g
and 40g respectively in the 5% solution,

Thus a problem arises when choosing the optimum concentration
since:

i. For 2 specified overall concentration, although less solid
deflocculant is required when added in sclution of higher
concentrations, a less concentrated solution will produce
better results due to the dilution effect of the added water,
In fact when observed in sedimentation ¢ylinders, only the
suspenslons treated with 2% and 5% solutions showed a good
enough degree of separation, with the coarse grains
apparently settling out completely, and the clay fraction
remaining in suspension. (Observations were mase on
suspensions with overall deflocculant concentrations
varying from 0,1% to @ 25%.)

On preparing the deflocculant solutions, it was noticed that

o

at high concentrations, the added deflocculant tended to form
a 'gel' which could only be dissolved through continued
stirring of the solution. To avoid this, it is felt that for
practical use, it will be necessary to add the deflocculant in
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3 1ow concentration solution where the formation of the 'gel!

i3 unlikely to occur.

sii. o Altasugh an added 2% solution seems to produce the best

rasulhg, we Know that the deflocculant is only contributing
= a amali degree, and is thus being inefficiently utilized,

#ost of the tests were carried out on the Premier Main
tailings. Although the Kimberley and Premier Retteat
show similar trends in reduction in viscosity

11.5.5.3) - 3% curves), the settling tests conducted on

saterials did not compare favourably with those
sanductad on Premier Main tailings (probably attributable to
43 in the treatment processes), In order to
whether these tailings are being successfully
drrioeaeziiatad, one would have to conduet a more detailed
iy#is, such as particle grading analyses of the separated

s:arze and f£ipe £ractions.

s.mple solution might e to increase the water content,
since indoing so we seem to achieve the same results. However
taougl, a specified reduction in viscosity may be achieved

uy the addition of pure water, settling tests reveal that the

2y is 3t11] floceculated to some extent and the coarse grains
are stil}l held in suspension. In addition to this, distilled

water was used for the laboratory tests and mine water
certainly does not produce the same results (Figures 5.6(a)
ard (D}). The 'return water' curves were obtained using Premier
Mine return water which iz continually cloudy with suspended
=lay particles.

15 3ince the deflocculant is being inefficiently utilized in

wae 13 solution form, and since only the 2% and 5% solutions
ctoraced the desired effects, it was concluded that further tests

sudald concentrate on the affects of the added 5% solutiens, even

=aaugn this is not the most efficient solution,
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5.2.3,3 Other Sodium Deflocculants

similar tests were carried out on other sodium deflocculants in
order to determine the most effective deflocculant, these
deflocculants being:

Sodium Pyrophosphate - NagPy0;3
Sodium Hexametaphosphate - NagPs013
Sodium Silicate (Water Glass) - Maj0.n(Si0p)

other sodium additives such as sodium chloride (salt) and sodium
nydroxide (caustic soda) tend to flocculate the clay since the
addition of either one increases the electrolyte concentration
which has the effect of decreasing the double layer thickness
{Mitchell 1974).

The results obtained by adding 5% solutions (deflocculant in
distilled water) to the tailings are shown in Figure 5.7(a)
together with the contribution by water to the reduction in
viscosity. Figure 5.7{b} shows the net effect of the added
deflocculant.

in order to choose an overall concentration for practical use, we
must consider efficiency, effectiveness and cost. From Figures
5.7{a) and {b), we can see that very large reductions in viscosity
may be achieved, but that at bhigher concentrations, the
deflocculants are agaln being inefficiently utilized, since
their effect drops off due to overdoping. The curves (soda ash
excluded) are very similar, a maximum reduction in viscosity due
to deflocculant alone, being achieved at approximately 4,1%
averall concentration. At this concentrationgood deflocculation
can be achieved {observations in sed.mentation cylinders).
However soda ash seems to be effective enough only in the 2,15 to
8,25% concentration range.

Since the cost of defloccylation is extremely high, we wish to
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minimize this cost by using the lowest possible overall
concentration. Thus for soda ash, we would choose an overall
concentration of 8,15% while for the other deflocculants we would
choose an overall concentrztion of 4,1%

5.2.3.4 Comparison of Custs

Current wholesale prices {June 1980) of the deflocculants used
are as follows:
Sodium Hexametaphosphate R1-26 per Kg

Sodium Pyrophosphate R1-p7 per Kg
Sodjum Silicate R8-35 per Kg
Soda Ash RE-25 per Kg

In order to compare costs, aunit depositionrate of 168 800 tons of
solids per month has been assumed,It has alsc been assumed that
the solid material constitutes 45% by mass of the total pumped
material. Thus the total pumped material has a mass of 222 688
tons per month.

The costs of deflocculants required to achieve the chosen averall
concentrations are presented in Table 5.2. These costs have been
calculated according to Equations A) and Ap in Appendix A4

Thus in terms of effectiveness and cost, Sodium Silicate would be
chosen as the best deflocculant for practical use.

5.2.4 Agdd!

tion of Flocculating Agents

At a later stage of this study, it was learnt that, since diamond
tailings has such a high clay content, flocculating agents are
added to the tailings to accelerate the sedimentation of £ines in
a thickener before it is pumped to the tailings dam. The objective
of the addition of the flacculsnts is to achisve maximum clear
water draw—off for re- use in the extraction plant.
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Table 5,2: Approximate Costs of Deflocculant Required for Unit

Deposition Rate of 18@ @98 tons of Solid Material

—

1

Cost per 16@ 689 tons

Querall Solid Matevial
Deflocculant Concentration | 5% Solution | 2% Bolugion
{%)
Sodium
pyrophosphate | 2,1 R285 766-3¢ | R294 T6G-47
1
|
Sodium
Hexametaphosphate g, R242 606-88 R258 309-6¢
Sodium
Silicate é,1 R 79 430-8¢ R 81 06¢-@2
Soda Ash 9,15 R 84 280-08 R 88 3%0-06
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Even with the addition of flocculants, a problem nevartheless
exists in that the entire clay content does not settle out even in
a very largye peol such as that at Premier Diamond Mine. Thus the
pool water is continually cloudy due to the presence of suspended

fines.

In order to use both Systems, one would have to deflocculate the
slurry before pumping, and add flocculants at some stage after the
slurry has been allowed to beach. At present, the floceulant
additives are added in lower concentrations than those discussed
for the deflocculants, and at lower costs (approximately R50 864-
28 per 168 P8P tons of solids). However, to nullify the effectsof
the added deflocculants, the flocculant dosage required for the
two-way system might certainly increase, as might the cost.

The cyclic process involved can be envisaged to be a major factor
in determining the feasibility of the use of deflecculants since
the costs involved in the design, installation and operation of
such a system would be far higher than the estimates in Sectlon
5.2.3.4 .

5.2.5 ¢ _nclusions

It has been shown that the addition of sodium deflocculants to a
suspension of tailings containing a large quantity of
flacculated clay has potential as a means of improving the degree
of particle separation of the slurry along the beach.

However remely high costs which would be involved in the
deve . operation of a cyclic system capable of both
deflocw j and flocculating the material where required,

rendetr btwn. ieasibility of this methed as a solution to the
problem, doubtful,
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5.3 Mechanical Separation using Hydrocyclones.

Let us again consider the prqblems experienced at Kimberley, that
is, in addition to poor particle separation and the occurrence of
clay layers, the lengths of the beaches are extremely short,

The shert beaches are problematic since, when deposition occurs
on one side of the dam, the level of the poal is raised (by raising
the level of the penstock outlet) thus maintaining the pool size.
As the level of the pool rises (Figure 5.8], the short beaches on
the other sides of the dam become submerged.

This situation is logically undesirable since the raising of the
phreatic surface, in combination with the clay layering, rasults
in a situvation which may promote piping through the wal’ of the
dam. Furthermore, due to the lavering effects and the proximityof
the edge of the pool to the wall, the underdrainage cannot
function efficiently, resulting in high pore-pressures being set
up in the wall material, implying a reduced factor of safety

against a slope failure,

It is 71t that this problem is however solely attributable to the
fact .~ i an excessive quantity of water is being retained on the
dam, resulting in an incorrect proportioning of the pool area to
the total surface area of the dam.

A logical wey of improving the situation wruld be to Keep the dam
surface as dry &5 possible, thus increasing the beach length and
improving the flow properties as discussed in Section 3.1 .
However, this is not always possible since cne requires an
alternative storage location for the excess water, and in addition
to this, a certain amount of water must be retained on the dam
surface to allow the sedimentation of fines carried to the pool
and so obt in a clear water draw-off.

By using deflocculants, or by increasing the beach length,
although one might improve the particle separation, there is
litle probability of limiting the formationofclay leyers unless
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training walls are utilized as suggested in Chapter 4.

The use of hydrocyclones to mechanically separate the tailing was
thus considered as an alt;rnative solution to the problems
discussed above. Presented below are some aspects of the working
principles of the hydrocyclone, as well as suggested design
considerations which would help to simplify such an operation.

5.3.1 The Working Principles of the Hydrocyclone
(After Bradley (1965) and Rietema and Verver (1961})

Figure 5.9 describes he working principles of the hydrocyclone.

The slurry {fced) is injected tangentially into the feed inlet,
immediately commencing downward flow in the cuter regions of the
cyclone body, creating the outer 'spiral’.

The outlets are horrmally placed on the axis of the cyclone {(as
shown) such that the rotating fluid is forced to apiral towards
the centre to escape. The existence of the overflow outlet and the
inability under normal feed pressure and flowrate conditions for
all the fluid to leave at the underflow outlet, assist the inward
migration of some of the £luid from the downward moving mass,

The amount of inward migration increases towards the underflow
outlet, and the fluid in this migratery stream ultimately
reverses its vertical velocity direction and flows upwards in the
inner spiral, to the overflow outlet.

bue to the inward migration of the fluid (water), the rotational
motion has thus built into it an inward radial motion. Particles
of suspended solid are thus subjected to two opposing forces:

i, Anoutward radial force due to the centrifugal acceleration.

ii, Ap inward radial force due to the drag force of the inward
moving £luid.
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‘Separation’ of the feed solids into coarse and fine fractions is
achieved by virtue of the variation of the size of the particles
(separation in terms of 8.G. may be preferred), since depending on
the size of a particle, that particle will either be forced into
the outer {(coarse particles) or inner (£ines).spiral, escaping from
the «¢yclone through the underflow or overflow outlet
respectively.

The cyclone 'split' size (referred to as the Sgpsize) is defined as
the particle that has an equal probability of reporting either to
the underflow or the overflow.

By varying the dimensions of the cyclone or its working parts, one
can vary both the split size as well as the under- and overflow
water contents, For example, a decrease in the underflow outlet
diameter will produce a coarser underflow with a lower water
content, since more of the material is forced to exit through the
overflow outlet due to the 'throttling' of the underflow cutlet,

Bradley (1965) summarizes most of the formulae developed to
predict the material properties of the underflow and the overflow,
as well as the efficiency of the cyclone. Although an in depth
literature search was conducted in this direction, it was
generally found that the many semi-empirical formulae vary to
some extent, with no single  method being available for general
use,

Rietema and Verver (1961) comment op cyclone design:
"The design of a cyclone is a highly critical affair that is
generally reserved for specialists, particularily since the
practical ‘'know-how' is usually kept secret by the
manufacturer of the apparatus.,”

One will in fact experience this problem of ‘secrecy’ when
approaching cyclone manufacturers, and thus it is best to accept
that the cyclone design will, in most cases, have to be left to the
manufacturer. (Note that for this reason, a cost estimate of such a
system could not be made). However, for a given material, one can,
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by considering the mass-balance of the system, provide the
manufacturer with the required properties of the separated
materials, i.e. the desired splic and the water contents.”

5.3.2 Some Suggested Design Considerations

In suggesting the use of hydrocyclones as a possible solution to
the problem at Kimberl Blight (1986) notes that the
hydrocyclone is used worldwide in tailings dam construction, and
is reported to provide a consistent split of the product with a
minimum of supervision, It is thus obvious that many benefits
will be gained by the consultation of the available literature
which studies the use of cyclones in tailings dam construction.

At least two systems of cyclones can be used:

i. 'on dam cycloning' in which the tailings delivery line is
tapped at intervals, the branch pipes leading to
hydrocyclones set up on the crest of the dam. The coarse
underflow is deposited immediately under the cyclone and
builds up a mound of coarse silt and sand, while the fines
overflow is piped to the interior of the dam. The cyclones are
periodically moved to allow the mounds of deposited material
to overlap into a continuous embankment.

ii. *Central cycloning' in which the tailings are separated into
coarse and fine fractions by a bank of cyclones before being
delivered to the dam.

In the case of Kimberley dam, the central bank system Seeus to be
the most promising system, since the spigot systew in present use
can thus be retained to deposit the underflow. Although a second
delivery line would be required for the overflow, this should not
pe very costly since the 'hank' of cyclones could be situated in
the pump station close to the dam, and thus only a short delivery
1! will pbe required.
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A further benefit of the 'bank' system is the fact that this system
does not require any special considerations on the dam itself. The
on-dam system however, :equ}ires special support of the cyclones
and the delivery pipes on the dam as well as supervision inlifting
and moving the cyclones, However the use of the bank system will
depend to a large extent on the required split and whether 2
sufficient water content can be obtained in the underflow to
obtain a pumpable slurry.

Even with the use of hydrocyclones, it is envisaged that the
shore-beach proplem may still exist since it is probable that the
same size of pool will stiil be required. Furthermore, in using
cyclones, the amount of material available for besching at the
wall may be considerably reduced, and this consideration has in
the past forestalled the use of such a system on d{amongd tailings
which does not have a large content of coarse material.

The use of cyclones does not directly solve this problem, but
rather provides a better construction material as well as better
control over tne material. The £ollowing systen is thus proposed
in order to provide a solution to the short-beach problem as well
as providing solutions to the other problems encountered with
these dams.

Figure 5.19 shows a sketch of the proposed system which utilizes
the paddock system commonly used on gold tailings dams. The
coarse tailings (underflow) is retained within the paddocks,
being uniformly spread over the paddock by utilizing the present
spigot system, while the fine tailings is 'open ended' into the
body of the dam.

For this case, the acceptable split will be determined by
considering the volume of material required in the paddocks
(underflow}, as well as the permeabilityof this material, i.e, the
ratio of kp/Kky must be sufficiently low.

The benefits achieved by using this system ave :
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The benefits achieved by using this system are :

i. The layering prcblen) will not be critical since any
significant layering will only occur in the body of the dam,
while the paddock material, being more isotropic, will allow
efficient drainage into the existing underdrains.

ii. The size ot the peol will notbecritical since the paddock can
act as & water retaining 'shell', although the water level in
the pool should rever be allowed to approach the top of the
teasch.

iii, The general @ifficuelties in handling a flocculated slurry
will no longer be experienced since the underflow produced
will certainly be a more manageable material.

Thus although individual solutions may be suggested for the
individual problems, it is felt that the use of cyclones will
provide a simple and fairly inexpensive solution to most of the
major problems encountered at Kimberley tailings dam.

Blight (1988) suggested the use of cyclones as a short-term
alternative pending the outcome of the investigation of the
addition of deflocculants, Since this investigation showed that
the feasibility of the use of deflocculants is doubtful, and since
there is a definite need for solutions to the problems discussed,
it is proposed that the use of cyclones in conjunction with the
above suggested system, be investigated as a long-term solution
to the problems encourcered with Flocculated tailings.
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6.0 CONCLUSIONS

As set out in the Chapter 1, the overall aim of this investijation
was to study the behaviour ¢f£ a free flowing slurry ana the
resulting properties of the dry, 'beached' material, withaview to
solving various problems presently experienced in the
construction of tailings dams.

Although unforeseen practical difficulties were encountered in
attempting to guantify the hydrauliz properties of the siurry
flow, the visuval and measured observations conducted during this
study allowed the »sehaviour of a free flowing slurry to be
investigated resulting in the understanding of the mechanisms of
beach development and particle size separation along the beach.

The important conclusions resulting from this study are:

6.1 The Beach Prafile

Characteristic of free flowing slurries with high sediment
concentrations, is a continual reduction of the flow velocity
attributable to the interdependent influences of the stream and
the bed on one another. This continuous reduction in the velocity
results in a peach having a parabolic profile descrived by the
equation:

¥ = dav.L.(l-x/L)0 where ia,= H/L
and .n is a grade indicator.

The parameter n is largely dependent on the particle size
distribution of the total tailings, while the magnitude of the
parameter lay (the average slope} is proportional to the content
of coarser material in the total tailings, and i3 inversely
proportional to the deposition flowrate.
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This equation of the beach profile can easily beused inacomputer
programme and has already proved valuable in providing a more
accurate method of calculating deposited volumes of tailings, as
well as a means of modelling the progress of a tailings dam
mathematically.

It is however felt that the beaching parameters observed for
relatively short beaches are not entirely applicable to very long
beaches. As evidenced by the beach profiles for the long beaches
ongold tailings dams, it is very probable that for flow on beaches
of sufficient length, the subcritical flow will tend to a uniform
flowcondition, resulting indifferent beaching parameters, i.e. a

decrease in both n and lay.

6.2 The Varjation of Material Properties
along the Beach

6.2.1 Ffractionation along the Beach

Associated with the continuous reduction in thevelocityof flow,
is a continuous reduction in the size of particle (dsg) which the
stream can transport.

The resulis of tests carried out on samples extracted along the
beach show that the degree of separation, measured in terms of the
decrease in dsg along the beach, varies as the average slope
varies, i.e, the £latter the slope, the less the degree of
separation along the beach. Furthemore, it is evident that the
degree of separation is inversely proportional to the uniformity
of the deposited tailings,

The tests also show that, in general, the contents of the various
soil fractions vary along the beach as follows:

i, The sand content decreases with increasing distance from the
deposition point,
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ii, The silt content increases along the beach.

111, The clay content remains Eairly constant along the beach,
iv. A large proportion of the fines is carried to the pool.

This investigation showed that the present construction
techniques are efficient in achieving & good degree of separation
aleng the beach so that the free-draining coarser material is

deposited at and near the deposition point for use in constructing
the 'wall'.

€.2,2 The Variation in Shear Strength along the Beach

As a result of the variation in the particle size distribution
along the beach, the permeability of the material also decreases
along the beach, assnciated with the increase in the content of
fines.

The decrease in the permeability results in a decrease in the rate
of consolidation along the beach, and hence a decrease in the shear
strength.

A major influence on the shear strength of the material at the top
of the beach is the development of capillary tensions in the pore
water (resulting from Sundrying) which tend to overconsolidate
this material. The dilatancy of the overconsclidated material
increases the shear strength of this material relative to the
normally consolidated material further along the beach, when
sheared at the same consolidation pressure.

6.3 The Layering Problem Encountered on Tailings Dams

On all tailings dams, thin layers of fines were observed to overly
large areas of the beach surface. These layers result from & number
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of causes, of which overflowing from rivulets of concentrated
flow was observed to be the most problematic. This overflow
contains suspended fines which are distriputed over large,
continuous areas surrounding the sliming reyion.

In order to minimize the formation of clay layers and the negative
influences of these layers on the stability of the wall, it is
recommended that the use of training walls be investigated as a
means of containing the slurry £low on the beach, thus elimirating
the overflow of fines onto areas surrounding the sliming region.

6.4 Kimberley Tailings Dam_

The varicus problems experienced at Kimberley tailings dam are as
follows:

i. A general difficulty in handling the material which is
strongly flocculated, the resulting high viscosity
preventing the separation of particles into coarse and fine
fractions. The material at the top of the beach thus contains
an undesireable quantity of clay (montmorillonite) .

ii. The presence of impermeable clay layers which create an
anisotropic {layered) system which causes a raised phreatic
surface. The raised phreatic surface and the clay layers may
result in £low slides or piping through the wall.

iii. The development of very short beaches, attributable to the
incorrect proportioning of the pool size to the total area of
the dam.

In order to improve the flow properties of the slurry and thus the
degree - 1 particle separation, an investigition was carried out to
determine the feasibility of the addition of deflocculants to
disperse the clay fraction and thus reduce the viscosity of the
suspension.
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It was however concluded that, although this is a promising
method of improving the properties of the slurry, the feasibility
of this solution is doubtful due to the extremely high costsof the
added deflocculants, as we‘ll as the cyclic orocess which would be
requiid to ensure clear water draw-off from the pool.

Although the formation of clay layering may be reduced by using
training walls to contain the slurry flow, it was nevertheless
concluded that the use of hydrocyclones be investigated as a long
term solution ta all the prablems listed above.

Since it is envisaged that the size of the pool will remain
problematie, and since the amount of material available for
beaching near the wall will be reduced through mechanical
separation, it is recommended that a paddock type system, similar
to the system used on gold tailings dams, be used at Kimberley, In
retaining the coarse material in the paddocks, this system
efficiently utilizes the separation of particles achieved by the
cyclone to produce a structurally stable outer 'shell', which will
safely contain the liquid tailings in the body of the dam, while
keing adequately drained by the existing underdrainage system.

6.5 Further Research - The Use of Modelling Technigues

In the study of the behaviour of a free flowing slurry, the theory
of beach development was presented in a qualitative fashion,
emphasizing the system variables which may produce changes in
the beaching characteristics of a slurry., T''s qualitative
presentation was in fact necessitated by the practical
difficulties experienced inattempting to quantify the hydraulic
properties of the slurry on the actual tailings dam.

The questic. that arises at this stage is, should a more detailed
analysis be required, how much further and in what direction

should continued research in this field proceed?

Firstly it must be recognised that, since hydraulic £il1
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