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ABSTRACT

Hydraulic fills are wtilized in the mining industry for the construction of tailings
cmbankment and the backfilling of underground mine openings. The greater proportion
of the hydraulic fill material is derived from mechanically separating the coarse and the
fine grained fractions of the mine tailings and using the coarse fraction fo the
construction. The fines (slime) together with the water are disposed of and stned
permanently behind the tailings embankment.

This thesis is part of the ongoing studies on the characteristics of nune Gnlings
deposited hydraulically. It studies the characteristics of the depositional environment of
the Brenda Mines’ emergency tailings beach. Conventional laboratory testing program
was conducted using disturbed and undisturbed samples retricved from the abandoned
emergency depositional area. The index properties of the in-place total tailings were
determined. Consclidated undrained monotonic triaxial compression lests were
performed on the undisturbed samples 1o evaluate the undrained response ol the
deposited tailings.

The results of the laboratory tests indicate a relatively slight reduction in the mean
grain size over a distance of about 1km from the point of discharge thercafter decreasing
significantly near the pond. The variation in density across the beach is not well defined,
the loosest material being deposited near the point of discharge and close 1o the pond
respectively. The relative density ranges from 27.7 to 72.8% with large portion of the
central part of the beach attaining relative densities greater the 60 per cent.  The ¢-p'
effective stress paths from the triaxial tests show a consistent dilative behavior of all the
tailings samples along the approximately 1.5 km length of the hydraulically deposited
emergency beach.
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CHAPIER |

INTRODUCTION

Hydraulic fills originate from many natural sources: namely, river beds and flood
plains, beaches. the bottom of the ocean, alluvial fans and along the path of debris flows,
The disposal of processed wet waste streams, including waste generated from mineral
extraction, results in man-made fills. Such disposal often involves hydraulically
transporting the waste and depositing the material in a fitl.

The disposal of the waste stream may be subarcal or subiagueous, Most of the
subareal waste deposits can be classified as side-hill, cross-valley, or stockpile deposits
(Smith, 1969). Subaqueous deposition is carried out below water as in occans, rivers and
lakes. Both subareal and subaqueous depositions result in the formation of a beach
structure. The material in hydraulic fills is usually an unaged sediment.

The construction of hydraulic fills have various engincering applications. Some are
used for earth structures, land reclamation and backfill of underground mines. Kiipper
(1991) points out that the lack of a rational design approach hampers the increasing use of
hydraulic fills in engineering projects.

Tailings, a by-product of the mining and milling processes, is disposed of
economically by hydraulic means and is usually retained by a dam which form a retaining
pond. The cost of the tailings disposal facility can be a significant portion of the total
Columbia, 8.2 percent of the initial capital outlay of 62.3 million dollars was allocated to

the tailings system (Tetu and Pells, 1971). However, the mine tailings are also a source



material for the construction of the tailings dams which is used to impound the remaining
Muid and solid wastes.

To ensure safe performance of tailings dams, only the coarse fraction of the wastes
arc utilized during the hydraulic fill construction. Coarse tailings provide a more suitable
fill for the retaining dikes than the fine tailings. Jigins (1957) describes the construction of
the Barahona dam (Braden Copper Co.) where the tailings were separated using sand-
scttiement boxes and then utilized the coarse sands for construction of the dam. The fine
tailings (slimes) deposited and stored behind the dam are generally soft, loose, relatively
impervious and usually saturated except for a thin layer at the surface which dries by
evaporation. The consistency of these fine tailings may range between a solid and a semi-
fluid depending on their grain size, age and location of the water table within the facility.
The lower layers generally are unconsolidated with excess pore pressures which can create
artesian conditions within the fine stratified impervious layers in the mass of tailings. In
the event of dam failure, the stored material usually liquefies to a high unit weight fluid
which flows.

In the mining industry, large volume of wastes are generated. At most sites, the
volume of tailings produced is greater than the volume of ore mined. Hoare et al , (1970)
cstimate that over 305 million tonnes of tailings are produced annually in Canada. An
estimatey 178 to 203 million tonnes of tailings were produced at the Brenda Mines (Mittal,
1974). Other mining companies are expected to produce even larger quantities of tailings.
The Highland Valley Copper Mine in British Columbia is estimated to produce nearly 1.8
billion tonnes of tailings (Scott and Lo, 1992). At completion, the Mildred Lake Pond will
contain approximately 475 million cubic meters of sand, 400 million cubic meters of sludge
(fine tailings) and 50 million cubic meters of fresh water from the production of synthetic
crude oil at the Syncrude Canada Ltd (Yano and Handford, 1990).



With the increasing need to mine lower - grade ores, the host rock must be ground
more finely to produce the mineral. Conseguently. the ratio of recoverable minerals te total
tailings waste generated is decreasing. Thus, increasingly larger volumes are required tfor
waste storage. The waste storage arca required for a given mined tonnage is usually
of 4.4 ha per 1000 tonne rock mined.

Occasionally, insufficient quantity of coarse waste may be available for use in the
hydraulic fill construction of the embankment. This is especially so in the carly stages of
the operation of the mine or when the coarse fraction is used as backfill in the underground
operation. It may be necessary to import material to supplement that available for
construction of the tailings dam during the early mine operation. The added cost assaciated
with this fill to the operation maybe high. The method of depositing the tailings may also
affect the quantity of coarse material available for the hydraulic fill construction.

Some of the common methods of hydraulic deposition for the fill construction
include spigotting, cycloning with direct deposition of its underflow, and cell construction.
These deposition techniques are employed in the upstream, downstream or the centerline

methods of constructing tailings dams (Figure 1.1).

aside where the total tailings can be discharged during any shutdown periods associated
with the ongoing deposition methods during and after the dam construction is completed.
The wastes deposited in such an emergency depositional arca generally will not undergo
any mechanical separation processes such as is associated with the other depositional
approaches used to construct the hydraulic fill. At the Brenda Mines, gravity discharge
was used to deposit tailings to form a 1.5 km long emergency depositional beach in the




Tailings disposal at all mining extraction operations presents a major potential threat
6 the environment.  This threat stems from the increasingly large volumes of tailings stored
and the possible pollution of surrounding sources of water including streams and
groundwater systems which may occur by interaction between leakage from the tailings
impoundment and the natural water. It maybe worthwhile to optimize the use of the tailings
to the exclusion of any imported material for the construction of the tailings dam in an effont
to reduce the tailings volume to be stored. Pollution has presently become a major public
issuc¢ which has affected the design, construction and operation of tailings dams (Klohn,
1972). In the Provinee of British Columbia, prior to issue of a permit, the Department of
Lands, Forests and Water Resources, Pollution Control Branch require mining operators to
satisfy the Pollution Control Branch that no serious escape of pollutants will occur.
Alkaline mine drainage in contrast to acid mine drainage is at present a major ongoing
concern at the Brenda Mines (Brown, 1992).

The design of the tailings disposal system depends on the available space, the
charcteristics of the tailings and site characteristics. The growing public awareness for the
need to protect the environment and the stringent legislation governing tailings containment,
demand that operators of mines move towards not only safe engineered disposal of tailings
but also disposal which minimizes ongoing and future environmental pollution.

In utilizing hydraulic transport and fill construction for waste disposal, there is the
option of separating the waste for placement in diverse areas using different placement
altered during the disposal. A reduction in the amount of fluids can result in maximizing
the embankment slope and minimizing the potential environmental impact of polluting
fluids and/or need to store soft materials ( Robinski, 1979). On the other hand, increasing
the fluid content can result in higher density in the material being placed (Kiipper 1991).



Economic considerations require that the selected disposal methods be as
inexpensive as possible. In situations where the material is wilized for hydraulic il
construction, workability requirement must also be considered. Kiipper (opt cit) suggests
that the placement methods be designed with the additional objective of enhancing the
properties of the constructed fill for each project.

The objective of this thesis is to study the geotechnical properties of the as-pliced
tailings in the emergency depositional beach of the Brenda Mines. To achiceve this a
systematic laboratory testing program was carried out using both disturbed and undisturbed
samples retrieved from the emergency beach to determine the properties of the in-place total
tailings. An understanding of the characteristics of this fill for which no special
engineering consideration was made will provide a better understanding of whit controls
the basic properties of hydraulically placed material. The measured faboratory and ficld
data are then compared with predicted characteristics obtained from cxisting design
concepts (Kiipper, 1991). It is hoped that the research results from this thesis may be
utilized to enhance the understanding and use of hydraulically placed tailings.

Chapter I briefly describes the geology of the Brenda Mines site, the mining and
milling processes and the subsequent waste generation. Chapter HI reviews brietly
previ. 1s works on the study of hydraulic fills by preseating published laboratory flunwe
tests and field depositional tests carried out to study hydraulic fills. Tt also describes some

of the common deposition methods for large scale fill construction, their applications and

then compared with the data obtained from this research in a later chapter. Chapter IV
describes the field program at the mine's site and outlines the ficld sampling. The
laboratory tests conducted are presented in Chapter V and the results discussed in Chapter
VL. Chapter VII presents a summary of conclusions arrived at in this study and outlines

some suggestions for future research.



1) Slimes

2) Sands

3) Starter dam
4) Under drain
5) Phreatic line
6) Discharge pipe from
header raised over top of
berm into tailings dam

Centreline method construction using cycloned sand

Figure 1.1- Tailings dams construction methods



CHAPTER Il

MINING OPERATION AT THE BRENDA MINE

2.1 Introduction

Brenda Mines Limited is a copper - molybdenum concession located (497 SN,
119° 58'W) about 225 km cast northeast of Vancouver and 40 km northwest of the City of
Kelowna in south central British Columbia, within the western boundary of the Okanagan
Lake drainage basin (Figure 2.1). Physiographically, the area is situated in the Thompson
Platcau of the Interior system of the Canadian Cordillera and is separated from the west
coast by the ranges and high plateaus of the Coast Range system of mountains. The annual
precipitation is less than 375 mm, the bulk of it being winter snowfalls. In spite of the
semi-arid nature of the region, the Okanagan valley is a fruit growing arca as well as a
tourist and resort center in which irrigation is used extensively.

During deglaciation, major outlets for the ice were blocked including outlets along
the lower Similkameen Valley and through gaps at the head of the Ashnola, Pasayten and
Similkameen rivers (Bostock, 1948). The blocking of the outlets and the slow melting of
stagnant ice in the valleys resulted in the formation of a nctwork of spillways. These,
together with the ice-dammed Fraser Canyon to the west, created many major lakes (Fulton,
1969). Present day year-round supply of domestic and irrigation water is derived from run-
off from a regular winter snow cover which is stored in the glacial lakes and streams. High
level pollution control measures are therefore exercised in the region to minimize potential

contamination of these storage facilities.



2.2 Geology

The Thompson Platcau is a late Tertiary erosinn surface with gently rolling uplands
of low relief. The uplands are separated from each other by deep cut valleys. In the
Okanagan region, the platcau rises generally to between 1500 and 1830 m. Near the Brenda
minc, the upland has been dissected by the Okanagan lake system and its tributary system.
Figure 2.2 shows the relative locations of the mine, the Okanagan Lake and its tributaries.
The mine site is located at an elevation of about 1463 m which is approximately 1100 m
above the Okanagan Lake.

The Canadian Cordillera is seen as an assemblage of terrains separated by major
faults traces, ophiolite exposures and oceanic marginal basin stratigraphy. However, no
known faults are shown on Geologic Survey of Canada Maps near the Brenda Mine site.
Instead, implied faults are mapped within the Okanagan Valley. These faults have been
inferred to exist near the valley walls. The mine is located approximately 18 km west of
these valley walls.

Reports from Klohn Leonoff Consulting Engineers (1984) indicate that examination
of Earth Resources Technology Satellite (ERTS) images shows lineations approximately 10
km west of the Brenda the site. It states that these lineations are less marked and that
examination of topographic maps of the region indicate they are not fault traces but rather the
boundary between ancient highlands in which the Brenda Mine is situated and the relatively
flat plateau arca to its west.

Many minor faults are known to pass close to and through the mine site. The
majority and possibly all of the surface faults are believed to be related to ancient tectonic
activities and are presently inactive. Carr (1969) also shows 1hat a zone of intense

fracturing, about 2 km wide, trends northeast and extends through the mine site.



2.3 Seismicity

Seismic design criteria are an important consideration in the siting of a tailings
disposal facility. The Brenda minc is located in a low to moderniie seismic zone. No
earthquakes have been recorded within the ancient highlands where the mine is situated nor
along the lineations about 10 km west of the minc. However, two scismic events have been
recorded near Peachland, B.C. which most likely are refated to the implied Okanagan Valley
fault system. The largest recorded earthquake linked with the Okanagan Valley fault system
was the Grande Coulee (U.S.A.) earthquake of Magnitude 5.0.

No induced seismic events of significant Magnitudes (greater than 5.0) from humin
activities such as fluid injection in oil fields, impounding of water in large reservoirs and
mining have been reported in the area (Milne and Berry, 1976). Nevertheless, an induced
carthquake which was triggered by a slide within part of the mined open-pit was recorded at
the Brenda mine site (Brown, 1992).

Maximum credible earthquakes from the implied Okanagan Valley fault system and
from a source near the tailings dam site were assessed for the Brenda tailings dam seismic
analysis (Klohn, 1984). A conservative maximum credible carthquake of Magnitude 6.5
was chosen for the Okanagan Valley with epicentral distance of 18 km to the dam site. A
maximum credible carthquake of Magnitude 5.5 was assigned to an assumed source close to
the dam site.

The geology of the dam site, the seismic history and the potential future scismic
activity were considered in the design of the tailings dam to ensure that it performs
adequately under any possible static and dynamic loading conditions. To ensure the stability
and integrity of the Brenda tailings facility required the mechanical separation of the tailing

into its fine and coarse fractions and use of only the more competent coarse size fraction for



the dam construction. It was judged that the finer fraction if included in the constructed dam

might produce a structure which could potentially liquefy during an earthquake.

2.4 Mining and milling processes

The Canadian Geological Survey memoir of 1947 contains the first written report of
deposits of low-grade copper and molybdenum ore in the Brenda Mine area. Efforts to
develop the concession began in the 1930's and 1940's (Tetu and Pells 1971). The Brenda
Mines had its first mill run in 1969 and production at the design rate was achieved in 1970.

Brenda Mines is an open-pit copper-molybdenum operation. The ore body occurs
in a relatively homogenous quartz diorite rockmass of Jurassic age referred to as the Brenda
Stock (Soregalori, 1974). The mill was designed to process about 22,000 tonnes of low-
grade ore per day to produce two concentrates, namely, copper and molybdenum. It was
estimated to have a production life of 20 years. With later modifications, the daily mill
throughput for the period January 1988 (o May 1990. An average high of 32,000 tonnes
of ore per day was processed between January 1988 and December 1989,

Processing of the ore consisted of crushing, grinding and extraction using flotation.
Fresh water for the milling process was provided by diverting spring flows from the
Brenda, MacDonald, Peachland and Crescent creeks and storing it in the Peachland Lake.
Reclaimed water was recycled through the plant from a separate storage.

The tailings generated from the milling process was hydraulically transported by
pipes to the arca designated for their storage. About 24,000 tons of tailings per day was
stored in the disposal area.
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2.5 Tailings facilities

Tetu and Pells (1971) report that twenty-four thousand tons of low grade ore
produces virtually 24,000 tons of tailings. At the initial design capacity of the mill, Mital
(1974) estimates nearly 175 million tons of tailings would require disposal. The siting of
mine and the surrounding topography.

The tailings disposal facility of the Brenda mine is located in an adjacent creck

valley. Due to the steep longitudinal and lateral gradients of the valley, a large dam had 1o

methods were used throughout the mine operation to construct the tailings dam.

Initially, tailings were transported by gravity flow from the mill through ncarly 3
km of wood-stave pipeline to a battery of cyclones located on the hillside above the present
damsite. The tailings were then separated into two streams, a coarse free-draining sand
underflow and fine grained slime overflow. The sand underflow was used for construction
of the main tailings dams while the fines were placed behind the dam as it was being

Later, double cycloning of the tailings was introduced to ensure a sufficiently clean
sand to meet the design requirement for the dum construction. Even then, the double
cycloning could not provide an adequate volumc of clean sand to ruise the dum at the gentle
slopes which resuited from the hydraulic deposition of the underflow. Cell construction
was therefore introduced to allow steeper slopes to be constructed from the lower density
dilute slurry.

Sand was deposited in cell containment dykes which were constructed using

bulldozers to heights between 1.2 and 1.8 m. Details of the construction of the Brenda



Mines tailings dam are presented in Lighthall er al, (1989) and Tetu and Pells (opt cit).
The main dam was ultimately constructed to a final height of 138 m in 1986.

The remaining tailings from the minc operation were discharged into the tailing
pond by spigotting from along the crest of the dam in an upstream direction. After
completion of the dam, subscequent tailings were stored in the reservoir which also included
the emergency depositional arca, Figure 2.3 is an airphotograph showing the layout of the
tailings disposal facilities at the Brenda Mines (June 1990),

As mentioned carlier, the emergency beach was created to ensure continuous

slurry from the crest of the adjacent mountain into a steep walled narrow valley at an
estimated flow rate of 0.63 m¥s (Brown, 1992). The slurry was transported via a 600 mm
diameter pipe and discharged through a height of about 10 m. Figure 2,3 shows that flow
after the discharge point was concentrated and perhaps prevented from spreading by the
narrow width of the upstream section. Sheet flow began to occur only as the width of the
emergency beach increased. The depositional conditions at the emergency beach are thus
seen as differing from that which prevail during conventional tailings beach deposition
trom a single point or spigot operation.

In forming a tailings beach, tailings are discharged from the crest of the dam either
by single point discharge, spigotting or overflow from cycloning operation into the
reservior created behind the dam. The tailings are discharged continuously and regularly
trom low heights usually not exceeding five meters. The depositional process is associated
therefore with low energy and low flow rate.

The difference in the mode of forming the emergency beach may account for the
variation in the properties of the material deposited as well as the profile of the emergency
as presented in Chapter VI
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2.6 Conclusion

Tailings management at the Brenda Mines had many facets and underwent
continuous evolution dictated by the changing geometry and operating requirements of the
mine. The ultimate objective of designing. constructing, operating and subsequent
decommissioning of the tailings facility is to operate an efficient and cost effective system
which meets ongoing requirement for tailings storage and provides long-term protection of
the environment. Incorporating planning and geotechnical consideration in the tailings

planning process.

Open-pit mines located in mountainous arcas have the added dixadvantage that large
volumes of tailings must be stored behind high dams, situated in valicys which maybe
upstream of inhabited areas. The stability and successful performance of the tailings
storage structure are therefore of eminent importance. At the Brenda mine, a
comprehensive site investigation provided data necessary to develop a safe and ecconomical
review of the main tailings structure resulted in the successful operation of the tailings

disposal system for twenty years (1970-1990).
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Table 2.1- Monthly throughput of the Brenda Mines Ltd

Month

“Tonnes milled

1988

1989

1990

January
February
March
April

May

June

July
Augusl
September
November
December

91,555
K51.874
942,812
963.050
w1185
928077
924814
915.704
954912
YK4.520
915,758
1,033 975

999,268
$43.903
971.905
954,181
1 07,387
991,78
961,736
965.978
9%1.226
YRR 201
942,168
942 922

#Y8.43|
839,478
994,225
784,303
705,027

Avcrage
(tonnes/month)}

940,512

_962.719

713,645

(Source: Brenda Mines Ltd. Monthly Tailings Pond Report)
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CHAPTER 1l

STUDY OF HYDRAULIC FILLS

3.1 Introduction

be more cost-effective than many other construction methods. It has been used to construct
break waters, harbor extensions, artificial islands and closure dams in seas, estuaries, rivers
and lakes in addition to tailings dams. The use of hydraulic fills in shallow waters has

muterial, labor and the rate of construction. However, difficulties may arise with its use as
the depth of water increases (Mitchell, 1984).

Hydraulic fill is utilized in the mining industry for the construction of tailings dams
and the dackfilling of underground mine openings. In both cases, the majority of the fill is
derived from mechanical separation of mine tailings into different size fractions and
subsequently dewatering or from naturally occurring sand or waste rock from an open-pit
operation. Zahary (1973) reports that 76 per cent of mine fill is separated from tailings and
84 per cent of the backfill is placed hydraulically.

Hydraulic fill has the disadvantage that the gentle slopes produced from its use

necessitates the use of large quantities of the material over relatively large areas.

(Sasitharan. 1993).
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method of placement. Morgenstern and Kiipper (1988) suggest that since hydraulic fill
technology is an interdisciplinary activity, the geotechnical engineer needs to collaborate
with the hydraulic and the marine construction engineer to take full advantage of the

economics offered by properly constructed hydraulic fill structures.

3.2 Depositional methods for hydraulic fill construction of

tailings structures

Different tailings disposal techniques have emerged as a result of variations in site
conditions, mineral ore bodies and extraction processes. Mill superintendents also
incorporate special handling facilities to provide the most cconomical disposal methods
consistent with accepted safety standards.

Two main hydraulic fills are formed from the surface disposal of mine tailings,
namely, tailings dams and tailings beaches. Several methods of construction of these
structures have been developed to optimize the use of the tailings in the process. The
methods selected often depend on the scale of the project. Some of the common methods
of deposition for hydraulic fill construction of tailings structures are spigotting, cycloning
with direct deposition of underflows and cell construction (Lighthall er ol , 1989).

3.2.1 Spigotting

Spigotting involves the discharging of tailings from a number of points along a
tailings header line to achieve a nearly uniform flow of tailings onto the dam surface.
Compared to discharging from a single point, discharging from several points results in
considerable steeper slopes in the fill formed. Spigotting is used to construct tailings
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beaches for all types of tailings dams. However, for tailings dams construction, it is most
commonly used in the conventional upstream method to obtain gravity separation of the
tailings along the beach which forms.

The spigots are small diameter pipes taken off a main tailings line at regular
intervals. The intervals are usually close enough to prevent the fines within the tailings
from collecting between the spigot points. Spigots are often positioned at or below the
center point of the header line. During upstream construction the spigot points are usually
raiscd cither by spigotting down or spigotting up (figure 3.1). The spigotted beach which
forms constitutes the dam. When spigotting is used in the centreline and downstream
construction, the spigotted beach provides support for the main structural section of the
dam and/or reduces seepage by creating a long seepage path from the pond into and

through the dam.

3.2.2 Properties of spigotted tailings

Spigotting generally results in segregation of the tailings along the beach. The
coarse particles settle closest to the point of discharge and the fines are transported the
longest distance towards the pond. The segregation process depends on the original
gradation of the tailings and its solid concentration. Blight (1988) postulates that where an
overall reduction in grain size from the spigot point results, the permeability of the tailings
decreases along the beach from the spigot point. This results in a phreatic surface which is
depressed from the isotropic permeability case reducing the exposed wetted surface of the
downstream +'ope of the constructed tailings dam.

The density of the deposited tailings depends on the gradation and solids
concentration of the tailings during deposition and the seepage conditions on the beach at
the time of deposition. Tailings deposited on the upper part of a beach where there is a
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downward seepage gradient have a higher density than tailings deposited near the pond
where little downward seepage occurs. Tailings deposited near the pond usually have the
lowest density.

Table 3.1 presents typical propertics measured on the beach surface from some
spigotting operations in British Columbia (Lighthall ef al, 1989). More detailed data is
required from different spigotting operations in Canada for a more reliable undenstanding of

the properties which can be produced during ongoing operations.

3.2.3 Cycloning

Cyclones provide a simple mechanical means of separating and dewatering tailings
into a high density coarse underflow and a low density finc overflow. The coarse fraction
may be hydraulically deposited directly onto the embankment or placed mechanically and
then compacted. When cycloned sand is utilized for the construction of ecmbankments a
good under drain system needs to be provided to handle the construction water used to
deposit the sand and to control the phreatic surface within the sand fill being produced.
Two types of cycloning systems commonly used for hydraulic fill construction are;

a) on-dam cyclones and

b) remote central plant cyclones.

In the on-dam cyclone system, the mill tailings feed is transported directly to a
number of on-dam cyclones ranging from a number of small, light units mounted on
wooden scaffolds to large skid-mounted or truck mounted towers. The number of units
depends upon their size and the mill throughput which must be handled.

Central cyclones may be located in clusters on the dam abutments at an elevation
higher than the projected dam crest or within a central plant. This system is normally used
when double cycloning is required to produce tailings with the desired material properties.
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Double cycloning is necessary for very fine mill ground material or for material containing
a high percentage of clay minerals. Again, the number of cyclones housed in the central
stations depends on their size and the tailings throughput from the mill.

Cyclones are normally designed to produce an underflow containing less than 10 to
20% passing the No. 200 sieve with a a solids content of between 60 and 75%. The fine
grained overflow is transported by pipeline and discharged directly into the impoundment
generally at some distance upstream of the embankment being constructed. The underflow
is often diluted to a lower solids content with water for transport in a pipeline to a
secondary cyclone units situated on the dam crest. The secondary cyclone units then
removes more water along with additional fines from the primary cyclone underflow to
produce a final underflow containing less than 10% passing the No. 200 sieve.

Double cycloning was employed at the Brenda mine to provide adequate clean sand
for the construction of the tailings embankment. This material handling procedure was later
changed to cell construction as the volume of the sand produced proved insufficient for the
required needs for dam construction.

3.2.4 Properties of cycloned sand

The density of the underflow sand from a cyclone operation can be related to the
quantity of fines in the sand. Thicker underflows produce fills with steeper slopes and
thus result in dams with steeper slopes. Direct deposition of cycloned sand onto an
embankment from a well controlled cycloning operation can form slopes of between 3 t0 4
horizontal to 1 vertical.

The cyclone underflow when placed directly onto the beach generally behaves as a
non-segregating mixture (Kilpper, 1991). The gradation of the sand placed directly from
cyclones does not vary with distance from the discharge point. As mentioned previously,
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the gradation of the cyclone underflow depends upon the gradation of the tailings feed
which comes from the mill. Table 3.2 presents gradation data from different cyclone
operations (Lighthall er al, 1989). In a tailings feed containing 40 to 60% passing the No.
200 sieve, a well controlled single stage cyclone can recover approximately $0% of the
solids in the underflow and they will contain about 10 to 15% passing the No. 200 sieve.
A second-stage cyclone would reduce the solids recovery to approximately 38% and the
fines would drop to between 5 and 10%.

The in-situ relative density of cycloned sand placed directly on the embankment
may range between 30 and 68% with average relative densities between 45 and 50%. Since
the fill placement is essentially uncontrolled, relative densities below 30% can result.
Generally it is desirable to have fills with relative densities greater than 60% especially to
ensure resistance against liquefaction (Mittal, 1974). A summary of various data from

cycloned sands presented by Lighthall et al, (opt cit) is presented in Table 3 3.

3.2.5 Cell construction

Cell construction is a refined form of a gravity separation method (Klohn, 1972).
The tailings are discharged into onc end of a long, gently sloping channel or cell which has
been constructed on top of the dam. The solids are allowed to settle along the hase of the
cell while the fines remain in suspension. The excess liquid containing the fines are
decanted at the lower end of the cell generally opposite from the tailings discharge into the
retention cell. Wide-track bulldozers are used to form and maintain the containment dykes
around the perimeter of the cell and to compact the sand deposited on the cell base,

Cell construction is effective for very coarse wilings or for removing excess
amounts of fines from a sand that has been obtained by single stage cycloning. The
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selected materials can be placed and compacted to high density thus guarding against the
potential for liguefaction. In cell construction the slopes of the dam can be controlled to
any desired slope angle. The cost of construction is modeiate. Cell construction is
however, not suitable for fine mill ground tailings since the flow velocities in the cells
required to remove the fines (slimes) will also remove a large portion of the finely ground
sand size tailings and generally leave behind insufficient quantity to construct the dam at
the required rate (Klohn, 1972).

Cell construction was used to provide a high quality material for the construction of
the Brenda mine's tailings dams. It was introduced to permit steeper slopes to be

constructed from a lower solids content tailings stream (Lighthall er al, opt cit).

3.2.6 Properties of fill material deposited by cell construction

Table 3.3 presents typical properties measured from some cell construction
operations in Canada. No trend can be drawn from the limited data. However, it can be
seen that the material deposited in cells have higher in-place relative densities. At the
Highland Valley Copper Ltd, the mean density achieved was equivalent to approximately
102 per cent of the Standard Proctor density (Lighthall ez al, opt cit). The data from the
other mines are however, not compared to the Standard Proctor density.

3.3 Laboratory flume tests (o study tailings structure

Laboratory flume tests have been conducted by various rescarchers to investigate
the effects of hydraulic deposition techniques on the physical properties of the resulting fill
structures. The procedure involves depositing the tailings in a flume and measuring the
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Laboratory flume tests arc also used to study the profile of hydraulic fill beaches.
The prediction of the profile of a tailings beach is an important aspect of the tailings
management scheme for any mine. The prediction of the beach profile permits the design
of the size of the storage pool and allows for a more accurate assessment of the storage
capacity within the reservoir being created behind the embankment dam.

The beach development in a tailings disposal is similar to the aggradition along a
reach of a river due to bed overloading. an area of study which is extensively dealt with in
hydraulic engineering (Kiipper, 1991). Laboratory test to study the beach building
processes in tailings structures utilizes the concepts of hydraulic modeling.

Hydraulic models can be either undisturbed or disturbed (French, 1987). In the
former, the model is geometrically similar to the prototype. The horizontal and vertical
scales are the same. Disturbed models have different horizontal and vertical scale. They
are usually used when inadequate laboratory space is available or when satistactory model
performance is expected. Models are also classified as Froude's (French, opt cit) and
Reynold's models. In Froude's models, gravity is the dominant force and the surface of
flow is exposed to the atmosphere. Examples include models of rivers, spillways and
harbors. Viscous forces dominate in Reynold's models relative to other forces. These
models are appropriate to study flows through pipes, pumps and turbines.

The choice of a model scale is dictated by factors which include availability of
space, equipment, the need for correct represcatation of prototype flow conditions in the
model and economic considerations. Scaling down hydraulic phenomena involving
sediments poses difficulties. The sediment size can only be scaled down to a certain
minimum beyond which the model becomes invalid as cohesive interpanticle forces are
introduced (Kilpper, opt cit).

The Reynold's and Froude's models can be used to model successfully the
transport of loose sediment by steady unidirectional flows. However, due to the practical
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limits associated with the standard scale modeling techniques for the various flow
parameters, it is suggested that flume tests be considered as fundamental tests, small
systems in their own right instead of a scaled version of a prototype beach (Kiipper. 1991).

Flume tests are used in hydraulic fill studies to determine the equilibrium slope for a
given sct of deposition conditions and/or to study the physico-mechanical properties of the
deposited material. A general description and operation of flumes have been given in the
carlier section of this chapter. Southard and Middleton (1984) note that flume experiments
have the disadvantage that the channel cross section is rectangular, sidewalls are straight
and uncrodible, width-to-depth ratio is usually small, the channel reach is much too short
and the greatest flow depths attainable are near the lower end of natural flow depths.
However, they acknowledge that flume tests provide valuable information on various
aspects of bed configurations, flow resistance, transport rates and geometry as a wide
range of bed configurations over a wide range of conditions of flow and sediment can be
produced and studicd easily.

Laboratory flume tests are used to investigate the beach profile during hydraulic
(1990), describe one such experiments to study the transient beach profiles and to establish
the effects of sediment concentration and total slurry discharge on the beach profile.

In their test, tap water was first fed at a preset rate through a stainless steel box into
a plexiglass flume measuring 4.87 m in length, 0.31 m in width and 0.46 m in depth. The
box was located in the upstream end of the flume, sluicing out the water uniformly across
the width of the flume. Dry sand was fed steadily at a specified rate by a mechanically
operated feeder onto a specially designed sand distributor. The sand spread evenly to form

Two types of experiments were conducted to mode! the beach profiles: one for
different solids concentrations at a fixed water flow rate, and the other for different total
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slurry flow rate at a fixed solids concentration. Fan and Masliyah. (opt cit). observed that
the slope and the growth rate of the beach profiles were strongly dependent on the solids
concentration. The total slurry flow rate had some influence on the growth rate of the
beach profile, however, it did not significantly influence the beach slope.

Blight er ul, (1985) present the results of model tests used for the prediction of the
beach profile of a gold tailings dam. The laboratory flume consisted of a Perspex-sided
decanted and collected at the other end. Test material for the model tests was obtained from
the dam to represent the total tailings, the fine material taken from close to the pool and
coarse material retrieved from near the point of deposition.

The slurry discharged into the tank formed i plunge pool which overflowed to form
a 1500 mm beach. Model beaches were formed from each of the three materials at three
different solids contents (50, 60 and 70 %) corresponding to water contents on a dry basis
of 100, 67, and 43 per cent and slurry densities of 1.47, 1.62, and 1.81 Mg/m}
respectively. Dimensionless profiles were obtained for the model beaches and compared

Blight ez al, (opt cit) deduced that the field profile was in excellent agreement with
the laboratory profile for the total tailings deposited at 50 per cent solids which
corresponded to the field deposition conditions. As the solids content incrcased, the beach
profile became steeper ncar the point of discharge and flatter as the distance increased from
the discharge point. The model beach profile for the fine tailings at 50 per cent also
showed good agreement with the field profile while that of the coarse material was flatter
than the profile for the prototype beach.

It was concluded from the study that excellent simulation of the prototype beach
profiles could be obtained using model studies provided the same material is used and
deposited at the same solids content. The laboratory flume tests also showed that as the
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solids content increased, the beach profile became steeper close to the point of deposition.

The same trend resulted if the coarseness of the material was increased while maintaining

Boldt (1988) conducted laboratory tests to determine the resultant physical

properties of the materials deposited along the length of a beach, The tests involved
discharging tailings slurry into a 0.6 m wide by 12.2 m long wooden flume. The tailings
materials consisting of a fine, copper-silver mill waste and silver-lead-zinc mill waste
containing coarser particles obtained from two different mine sites with different particle
size distribution.
6340 liter tank. The slurry density of each tailings sample was altered by changing the
amounts of solids. The slurry was then pumped at controlled flow rates through a 3.15 cm
pipe opening and discharged into the flume. Once the deposited tailings were sufficiently
dewatered, Shelby tube samples were taken at designated locations along the length of the
deposited tailings for analysis.

It was pointed out that the confined dimensions of the trough influenced the

depositional trials. Attempts to correlate the tailings deposition conditions to the prototyy
beach characteristics were obscured by eddies along the sides of the flume and the short
distance between the ponded water at the toe and the point of discharge.

Kiipper (1991) performed a series of flume tests to study the influence of the total
flow rate, slurry concentration and grain size distribution of sand on the beach geometry,
particle size distribution and density variation along the deposited fill. A clear Plexiglass
wall flume measuring 6.1 m long by 0.60 m wide with a feeding and drainage systems was
used. Removable Plexiglass walls was employed to vary the width of the flume.

The slurry used was formed by feeding dry sand to a controlled water stream
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minimize the effects of the walls by having the flow paraliel 1o a hydraulically smooth wall.
The flow rate and the slurry concentration were varied independently (o study their effects
on the characteristics of the deposited fill.

Undisturbed samples were retrieved along the flume and used for density
determination, triaxial tests and fabric study. Remolded samples were also taken to study
the variation in grain size distribution. Three different sands were used in the tests to
evaluate the influence of the mean grain size on the characteristics of the fill.

In all the tests concave slopes were obtained which were steeper for higher slurry
concentration, smaller flow rates and larger mean grain diameter (Kiipper opt cit). The
average fill density tended to decrease as slurry concentration increased and as the flow rate

presented by Kilpper (opt cit). The results of many of the flume tests confirmed
generalized predictions of the depositional environment of hydraulic fills. However, the
need to conduct full-scale field tests to verify the conclusions drawn from laboratory tests

was recognized by most researchers.

3.4 Field tests to study hydraulic fills

The inherent difficulties associated with laboratory modeling of hydraulic events
necessitate that full-scale field deposition tests be embarked upon to validate results
obtained from laboratory flume tests. In a full-scale field tests, auxiliary pipelines may be
installed to control the flow rates of the tailings deposition process. The appropriate header
to form a beach which is monitored throughout the experiment. The beach formed by cach
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controlled deposition can be analyzed and its physical properties measured. Field pilot tests
may be embarked upon using standard techniques to serve as preliminary tests to assist in
designing the subsequent field tests (Kiipper, 1991).

Prior to the commencement of the tests, elevation surveys are run to obtain the
initial beach geometry. During the tests, the beach profile is regularly surveyed. Samples
of both the slurry and the deposited tailings are retrieved and analyzed. Samples may also
be taken from the mine’s ongoing deposition for comparison

Ficld deposition tests performed at an on-going large scale mine are limited to what
can be deposited using the available equipment. They have the advantage of working under

including labor and equipment to set up and monitor the tests. Boldt (1988) and Kilpper
(1991) present detail procedures and results of full-scale field tests conducted at large scale
active mines. The former field deposition tests were carried out at two different mines
designated as Mines A and B respectively and the latter conducted at the Syncrude Canada
Ltd, Fort McMurray.

The results of the laboratory and field tests briefly reviewed in this chapter are
compared with the resuits of the current study in chapter VI.

3.5 Conclusion
A review of some of the common methods of depositing hydraulic fills utilized iz
chapter. The properties of the deposited material are also discussed. It should be observed

that for a given method of deposition, the properties of the resultant fill depends on the
physical composition of the tailings feed.



Fills constructed using spigots placement of the total tailings stream have the least
1989). Cycloning produces clean sand provided the tailings feed does not contain more

than 60 per cent passing the No. 200 sieve. When cycloning is used for the construction of
tailings embankments in seismic areas adequate drainage facilitics must be provided to
control the phreatic surface (Lighthall e al . opt cit). Cell construction provides the greatest
flexibility in exercising control over the in-situ density produced and the embankment
slopes of a tail.ags structure.

The chapter also discusses a few of the laboratory flume and full-scale field
deposition tests for the study of hydraulic fills as presented in the literature. The results of
these experiments show a generally consistent trend in the properties of hydraulic fills. In
segregating slurrics, the depositional process results in flatter and denser beaches. The
mean grain size of the beach material decreasex with distance from the point of discharge.
Non-segregating slurries do not undergo hydraulic sorting. The beach formed from a non-
segregating slurry has a steeper profile and consist of material with approximately constant
granulometric characteristics and low relative density.
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Table 3.1- Characteristics of same spigotted beaches (after Lighthall, er al, 1989)

Material ny Highmont Trojan uity
prope _Rangg Mecan | Range | Mean |Ran ean

"Tailings feed -

(% ﬁ ssing No. 200) 50 |- 10 - 80

talings

(% passing No. 200)| 9-20 20 28-106] 54 - 47
{ Tn-stu density 149
(t/md) 1.36-1.55] 145 [1.46-1.65] 1.53 -
"Relative density

(%) 20- 65 41 26- 84 49 - 1-

Table 3.2- Gradation of cycloned sand (after Lighthall, ez al, opt cit)

Minc Eing No. 200 | Remarks

Highland Valley 33 - 10 | Single-stage located in mull
'Uiﬁmlter 45-5 110 Single- tage' on-dam cyclonin
Brenda 43 [ -stage cycloning ﬁ

Table 3.3- Material properties from some cell construction operations

Mine Fines | In-situ density (t/ m3)] Rel. density (%) emarks
Brenda I3 ﬁ'ﬁe I "1.46 13‘557 ncompacted
e - 4l -1. . -
Brenda — T3 TS T3 1 3I-85 | 53 Kompacied
Highland| 8 - 1.62 - -
yncrude| 3 - T.62 - il
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Figure 3.1- Spigotting configurations (After Lighthall ef al, 1989)
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CHAPTER IV

FIELD SURVEY AND SAMPLING

4.1 Introduction

A preliminary visit to the Brenda Mines site was conducted in June 1992. The visit
decommissioning plan, appreciating the successful performance of the tailings embankment
and identifying any potential geoenvironmental hazards. The Project Manager of the mine
provided a detailed tour of the entire facilities.

The tailings disposal site revealed some interesting features which led to the
conclusion that a research project to evaluate the geotechnical properties of the tailings
material discharged onto the emergency beach be carried out as part of the ongoing studies
on the characteristics of mine tailings deposited hydraulically.

Permission was therefore obtained from the Project Manager to carry out the

research project. The mine provided access to its tailings site and the use of a rented
equipment for the ficld sampling. It also furnished data on the pumping rate, the slurry
concentration and other pertinent information including topographical maps and aerial
photographs of the tailings disposal site and the surrounding areas. Geotechnical reports
on the tailings system were acquired from the mine's consulting engineers with the

Field rescarch work was begun on July 14, 1992 and completed on July 17, 1992,
The works consisted primarily of site inspection, clevation and transit surveying of the
emergency depositional arca and sampling of the total tailings at various locations to
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characterize the depositional environment. The details of the field work are described in the

subsequent sections of this chapter.

4.2 Site inspection

The emergency beach is located to the north, northwest of the  longitudinal axis of
the saddle dam and the northeast of the longitudinal axis of the main dam. It is fan-shaped,
narrow at the upstream section and widens toward the pond (Figure 4.1).

Prior to the commencement of the field work. a detailed study of available
topographical maps and orthophoto maps of the site was carried out. From the topographic
maps, a point on the saddle dam was selected as a temporary bench mark. The orthophoto
maps reveal that the flow on the emergency beach started as a single channel from the
point of discharge and then divided into multiplc channels as it flowed towards the pond
(figure 4.1).

Inspection of the site showed that fresh water from the mine is currently being
discharged onto the beach where it divides into two main flows at the upstrcam section of
the beach. The flows are concentrated at the right and left boundaries of the emergency
depositional area respectively. However, at a distance of about 600 m from the discharge
point, the former flow disappears by seeping into the tailings thereafier all the surface flow
to the pond takes place near the left boundury.

Two channels were observed along the right and left boundarics of the beach. The

occasionally to allow for the flow of fresh water into the pond. An excavalor was seen
desilting the right side channel at the time of the ficld work. Two other channels presently
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exist on the beach. They are located at the upstream and downstream sections of the
emergency area respectively.

The upstream channel cuts across the beach from left to right taking part of the
current flow with it. The channel cross sectional dimensions were measured. The top and
bottom widths measured approximately 1.5 m and 0.8 m respectively. The depth was
ncarly 2.5 m. The exposed faces show a uniform coarse sand deposit with no visible

structure in the deposited sand.

center and close to the left side boundary. There is presently no flow in this channel. The
cxposed faces indicate a layered deposit. The layere 1 profile may have resulted from the
intermittent mode of depositing tailings onto the beach.

It is probable that the downstream section of the beach close to the pond was
previously below water. A sudden change in the slope of the beach was observed at this
location. Pond water is currently being pumped into the open pit created by the mining
operation for storage. Thus, the pond level is dropping and exposing the toe of the
previous beach deposited below water.

Boulders and rock fragments transported with the tailings were found deposited
between the point of discharge and the beginning of the predominantly sandy beach. They
had been sorted and deposited to give the impression that the arrangement was manually
placed to prevent erosion of the steep valley slope. However, it was confirmed that the
arrangements of the boulders and rock fragments were the result of being placed
hydraulically and had not been altered by any mechanical action (Brown, 1992).

The surface of the emergency beach has been reworked. Tracks of construction
machinery can be seen on the surface of the beach. It was disclosed that an access road
However, the reworking may not have been thorough due to the presence of scattered soft
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spots on the surface of the tailings structure. These soft spots potentially can be dangerous
for any equipment working on the surface.

As part of the ongoing reclamation program, a bituminous substance is being
sprayed on the exposed sandy beach to bind the surface material in an effort (o reduce wind

and water erosion. The beach is then planted with grass to re-establish vegetation which

interpretation of the field and laboratory results.

4.3 SURVEY OF EMERGENCY DEPOSITIONAL BEACH

A chain survey was carried out to determine the length of the beach and to locate
where samples of the beach tailings were taken. An approximate center line of the beach
profile was located. Wooden stakes were driven into the beach along the center line at
defined interval and at specific distances measured to the left and right of the assumed
center line. Due to the irregular and fan-shaped nature of the beach profile, the left and
right distances were not maintained constant along the beach profile.

Levels were run with readings taken near the wooden stakes. The clevation of the
TBM was deduced from a topographic map of the tailings pond area fumished by the mine.

The relative elevations of the sample locations (staked points) on the beach were

subsequently obtained from which transverse and longitudinal cross sections of the beach

were later produced. The survey was not carried to the point of discharge where the

tailings left the pipe because of the steepness and ruggedness of the termain. In addition to

the elevation survey, transit survey was conducted to obtain the general layout of the heach
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The measured profile of the emergency beach is discussed in Chapter VI.

4.4 Sampling procedure

Samples were retrieved at locations where the wooden stakes had been driven.
Prior to sampling, a small backhoe machine was employed to remove the top 150 mm of
wind blown material. At cach sample point, disturbed samples were obtained from various
depths to establish the spatial variation in particle grain size along the beach. The depths
varied from 0 to 120 cm with samples taken at 30 cm intervals.

Bulk disturbed samples were taken at the surface (depth 0 ) and kept in 15 liters
bucket. At the other depths, two grab samples each were taken in plastic bags. The grab
samples were kept in rubber containers and covered.

To obtain the undisturbed samples, the next 100 mm thick layer suspected of
having been disturbed by the backhoe was gently excavated by hand. Then a 100 mm
diameter by 200 mm high sample tubc was gradually pushed in the undisturbed deposit.
The outside friction along the samplers was relieved by excavating around the tube as it
was pushed into the deposit. When a sample tube was pushed to the required depth, the
tube was surrounded with carbon dioxide pellets (dry ice) and covered with plastic bags to
control the amount of dry ice consumed. The tailings sample in the tube was then allowed
adequate time to freeze completely from the bottomn upward. The tailings bencath some of
the tubes (0 a shallow depth were also frozen. It therefore became necessary to strike the
sumplers (o retrieve it together with the frozen sample.

The tubes containing the frozen samples were then retrieved and wrapped in plastic
bags. To prevent the samples from subliming, the air in the bag was evacuated by forcing
it out by hand before sealing the bag. They were then temporally stored in the refrigerator



containing dry ice for subsequent transportation to the laboratory at the University of
Alberta, Edmonton.

Thin-walled, rigid metal and PVC samplers having inside ¢learance ratio of zero
(i.e. Cj = 0) were used. The inside clearance ratio, Cj. is detined by Hvorslev (1649) as
(Ds - DeMDe where. Dy, De are the inside diameter of the sample tube and cutting edge of
the sampling device respectively. The rigid walls of the sampling tbes provided adeguate
confinement needed to obtain relatively undisturbed samples.

To minimize sample disturbance from thawing during transportation, maximum
care was exercised in arranging the undisturbed samples to ensure that they did not slide of
roll. The temperature was maintained constant by the use of the carbon dioxide pellets, On
arrival at the University of Alberta, the samples were taken out of the freezer and
permanently stored in a frozen state in a emperature-controlled cold room uvntil they were

required for testing.

4.5 Discussion of sampling procedure

Sampling procedures for disturbed and undisturbed samples depend upon the type
of soil and the specific aim of an investigation. The quality of soil sample necded for a
given site investigation is determined by the requirements of the specific case. Studies
indicate that if confining pressure is maintained and drainage is not impeded, insitu and
laboratory freezing of sand samples result in insignificant volume change and the static und
dynamic soil strengths are not altered upon thawing (Yoshimi ef al, 1978). Marcuson and
Franklin (1979) conclude that the freezing technique offers the best method for obtaining
higher quality undisturbed samples. Freezing is used extensively as a method for obtaining
undisturbed samples by the Geotechnical group at the University of Alberta (Kilpper, 1991,
Sasitharan, 1993).
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The quality of the sa—ples obtained for this study cun be inferred from the results of
the soil properties such as the grain size distribution, moisture content, density and the
shear strength measured during the laboratory testing program (Idel er af , 1969; Brooms,
1980). These results which are discussed in Chapter VI compare with others conducted

and presented on the same tailings material and on similar deposits.

4.7 Conclusion

Detailed field works were conducted at the Brenda Mines emergency depositional
arca (o obtain good quality disturbed and undisturbed samples for laboratory testing to
study the geotechnical characteristics of the total tailings. Samples were retrieved on a grid
pattern. In the longitudinal direction, the samples were taken at 200 m intervals starting
from a location about 400 m from the point of discharge to 1400 m near the pond except at
station 600 (i.c. CH 0 + 600 c/L) where water ingress from depth to the surface prevented
any undisturbed sample to be retrieved. Two containers of disturbed sample were also
taken from the beach beneath the pond.

No samples were obtained between the point of the tailings discharge and CH
(4400 because of the inaccessibility of this section of the emergency beach. The upstream
channel that cuts across the beach mentioned in section 4.2 is located within this area. The
dita from the tailings samples from this section of the beach may have been used to confirm
the presence of the fanhead entrenched channel referred to in section 6.5.1.

Levels were run to establish the profile of the beach. The slope of this profile shall
be compared with the slope estimated by using the empirical relationship proposed by
Kiipper (1991) and using data furnished by the mine. Transit survey was run to locate the

positions of test-pits and the general layout of the beach.




deposited sand in a relatively steep slope at this section of the beach are consistent with the
phenomenon of deep channeling discussed by Kiipper (opt ¢it).

Reworking of the beach may have altered some of the characteristics of the
depositional environment. However, the presence of soft spots possibly prevented any
thorough use of construction machinery on the beach. Thus, the tailings deposit can be

said to be practically unaltered from a characterization point of view.,
Edmonton where they were stored under standard conditions until required for laboratory

testing. Chapter V presents the elaborate and systematic laboratory tests conducted (o

obtain the geotechnical propertics of the as-placed total tailings.
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Figure 4.1- Detall of the emergoncy depositional area



a8 (3[e9s 01 10U UMeI])
| vare reuomtsodap >uadRWw2 Jo MoART -T 't am3ig
| W] INUID JO IPIS Y] 1

Qunj 131U Jo apis 3y |

aupauy P p ° U
peos ssaoy w2
- 7N
pog /> pA N or+ D
, ~ °
ampoary SN N
-
. Y
uoneso] qdums ¢ N o ‘
| aNaoT K ¢ <o
| \ .
™
N
[ ] ,

43




CHAPTER V

DETERMINATION OF MATERIAL PROPERTIES OF
AS-PLACED TAILINGS

5.1 Introduction

An claborate and systematic laboratory testing program was undertaken to evaluate
the geotechnical properties of samples obtained from the tailings deposit. The material
tested were limited to the Brenda tailings samples retrieved from the emergency beach.

The tests were performed from August 1992 to May 1993. Conventional
geotechnical tests were conducted using both reconstituted samples and specimen trimmed
from undisturbed frozen samples. The tests were performed using standard ASTM
procedures. The investigations were undertaken as part of an ongoing research to study the
characteristics of mine wastes deposited by hydraulic depositional methods.

as well as trends in material properties observed from tests on similar deposits. Details of
the various tests procedures are discussed herein and the results presented in Chapter V1.

5.2 Storage of samples

The disturbed samples contained in the 15 liter tightly covered rubber buckets did
not require any claborate storage facility. They were stacked and kept in the laboratory
under ordinary room conditions. Appropriate quantitics were taken when needed for
specific tests.



The frozen samples were however. stored in a specially cquipped temperature-
controlled cold room at a constant temperature of -25°C. Precautions were taken to casure
that the frozen samples did not undergo any sublimation and thermal disturbance. On
arrival from the mine site, the samples were rewrapped and placed in plastic bags. To
prevent sublimation, efforts were made to evacuate all the air from the bag, forcing it by
hand, before sealing. The frozen samples were extruded from the sample tubes only when

they were required for the preparation of test specimens.

5.3 Method of extruding the frozen sample

Tap water was used to extrude the frozen samples from the sample tubes. The
water was run on the outside cylindrical surface of the tubes. The tubes were rotated
constantly with care taken to ensure water did not come into contact with the frozen
samples. However, this was not always achieved as the water occasionally made contact
with the bottom of the samples.

After a short run of the water, the adhesion between the frozen samples and the
inside wall of the tubes was destroyed. This was recognized by a creaking sound. The
frozen samples were then removed by gently pressing on the top surface. The extruded
samples were wrapped in plastic bags and stored for a bricf period to allow them to

reestablish temperature equilibrium before being used for specimen preparation.

$.4 Preparation of specimens

Attempt was made to employ a milling machine mounted in the cold storage room

specimen. The rotating bit was cooled by compressed gas which was passed through
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carbon dioxide pellets. By passing the gas through the dry ice, it was expected that the
temperature at the core bit would be substantially lowered to prevent any thawing of the
frozen specimen.

Two difficulties were encountered with the use of the milling machine. First, the

core barrel wobbled during the coring resulting in reduced cross sectional arca of the

not be cleared readily. The cuttings thawed and became smeared on the surface of the
specimen and the tip of the core bit, blocking the holes and subsequently preventing the
compressed air from exiting. This prevented the cooling of the bit and sample as well as
prevenied removal of the cuttings. For the samples with high fines content, the blocking of
the holes led to the freczing of the core barrel into the sample. The use of the milling
machine was therefore abandoned.

Machining using a lathe was embarked upon to prepare the specimen from the
frozen samples retricved from the field. The samples were initially sawn into two, top and

bottom sections. Each section was again sawn into halves along its length. The halves

The trimmings were used for the water content determination. Both the saw and the lathe

are housed in the temperature controlled cold room.

The lathe was successfully employed to prepare the specimen required for the
triaxial testing. However, due to pronounced depositional layering in some of the samples,

a number of specimens were lost during the machining process. These specimens




5.5 Determination of grain size distribution

The grain-size analysis attempts to determine the relative proportions of the different
grain sizes constituting a given mass of the beach material. This is accomplished by
obtaining the quantity of material passing through a given sicve opening but retained on a
sieve of smaller sized openings and relating the retained quantity to the total sample. To
achieve a significant result, it is required that the sample be statistically representative of the
tailings deposit (Bowles, 1978).

Different soil classification systems are used in different countries. However, all

the various systems use the No. 200 sieve as a dividing point resulting in two major
classifications defined in terms of the amount retained or passing the No, 200 sieve, The
two main classes arc referred to as coarse grained soils and fine grained soils respectively.
Each class can be further subdivided.

The Brenda tailings material is angular coarse to very fine grained, grayish green in
color when wet and light gray colored when dry. It is derived from the mechanical
processing of unweathered granodiorite rock containing copper and molybdenum ore. The
grain size of the material in the tailings deposit were determined in this study to evaluate its
spatial variation along the tailings beach.

5.5.1 Tests procedure

Tests were performed on thirty eight samples taken from the stored materis
weights of the samples used in the tests varied from 200 to 400 g depending on the quantity
of material in the bulk sample. ASTM standard procedures (D 421-58) were followed to
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Weighed quantitics of samples were obtained from the bucket of stored material by
random spooning of the tailings. The samples were oven-dried, weighed and washed
through No. 200 sieves. The material passing the No. 200 (-No 200) was discarded. The
suspensions were set for short periods until the top became clear. As much top clear water
as possible was poured and the container and the remaining soil-water suspension kept in

the oven Lo dry.

#10, #20, #40, #60, #100, and #200 sieves. The stacks of sieves were placed in a
mechanical shaker and sieved for ten minutes. After the shaking, the weight of material
rcmaining on cach sieve was obtained and the per cent passing computed. Where more
than 12 per cent of the material passed the No 200 sieve (- No 200), hydrometer analysis
was performed in addition to obtain an estimate of the grain size distribution from the No.
200 (0.075 mm) sieve to about 0.001 mm.

Semilogarithmic plots of grain size versus per cent finer were prepared. The spatial
variation in grain size distribution of the Brenda tailings tested are presented and discussed
in Chapter VI.

5.6 Determination of the specific gravity

The specific gravity of a soil, Gg, is required for the determination of the void ratio
and useful for predicting the unit weight of the soil. It is also used in the hydrometer
analysis. For a given soil mass, the specific gravity is taken as the average value for the
soil grains and defined as the ratio of unit weight of the material to the unit weight of
distilk:d water at 4 °C.

Gs = Ymaterial / Ywater 4 4°C- S.n
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The specific gravity of the material in the Brenda tailings was detesmined and
employed in computations where required. Twelve samples taken trom different locations

and depths were used and the average value caleulated for use in further analysis.

5.6.1 Tests procedure

In each test. about 120 g of oven-dried sumples was mixed in an evaporating dish
to form a creamy paste. The paste was transferred to a malt mixer container and water
added to make about 200 ml of soil-water mixture. The mixture was agitated for between S
and 10 minutes.

After the mechanical mixing, the mixture was transferred with backwashing of all

the soil, into to a volumetric flask. A sufficient volume of temperuture-stubilized water was

weighed dry, carefully filled with deaired water to a volume mark and reweighed. The
temperature of the water in the flask was taken.

To remove entrapped air from the mixture, the soil-water mixture was heated and
allowed to boil for about 30 minutes. Deaired and temperaturc-stabilized water was added
until the bottom of the meniscus was cxactly at the volume mark. The neck above the
calibration mark was carefully dried with a rolled paper towel. The temperature of the soil-
water mixture was brought to within 1°C of the temperature of the water in the flask hefore
weighing.

The flask and its contents were weighed to the nearest 0.0 g. The contents in the
flask were emptied into deep evaporating dish and oven-dried. The oven-dried sand was
weighed and the weight of the sand grains obtained. Gy was computed using equation 5. 1.

Average values of Gg were calculated to the nearest 0.01 and taken as the Gy, for the
tailings at the given location. A normal distribution of the specific gravity results shows
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that the overall average G; is within the fiftieth percentile of the test data obtained (figure
6.4a). Results of the specific gravity at different locations on the emergency beach are

presented and discussed in Chapter VI.

§.7 Atterberg limits

The liquid and plastic limits are used primarily for identification and classification of
soil. They are a measure of the shear strength of a given soil at a particular water content
(Bowles, 1978). The liquid and the plastic limits are the moisture contents below which
the soil behaves as a plastic and non plastic materials respectively. The plastic limit tends to
increase in numerical value with decreasing grain size. For given grain sizes, the plastic
limit tends to increase for soils with larger amounts of clay (Bowles, 1978).

The liquid and plastic limits were determined for the Brenda tailings deposit and arc
used in explaining the results obtained from consolidated undrained triaxial testing.

§.7.1 Test procedure
Liquid and plastic limits determinations were performed on four samples obtained at
different locations along the center line of the beach. The samples were air-dried for seven

days. Standard ASTM (D 4318 - 84) procedures were followed in performing the tests.
The data from the tests are presented in Chapter V1.

$.8 Relative densitly determinations.



Relative density is often used as a criterion for controlling the quality of compaction
in earthworks and embankments construction. Compressibility, shear strength and
permeability are the engineering properties of a compacted fill which are of particulur
importance to a designer. When predominantly granular soils are employed as material for
fill construction the relative density is frequently specified as the basis for compaction
control (Lacroix et al, 1972).

ASTM Definitions of Terms and Symbols Relating to Soil and Rock Mechanics (D
4253 - 83) defines relative density as

R.D (%) = (emax - €0) X 00/ (€max - €min.)

where emax. is maximum void ratio i.e. the reference void of a soil at
the minimum density.

€min. is minimum void ratio i.e. the reference void ratio of a soil at the
maximum density, and

ep is a given void ratio i.c., the insitu or stated void ratio of a soil deposit.

Tests were conducted to obtain all three densities required for the determination of
the relative density of the Brenda tailings discharged onto the emergency arca.

5.8.1 Tests procedure
Maximum and minimum density tests were performed in accordance with the
procedures described in ASTM Standard Tests Methods for Maximum Index Density of

Soils Using a vibratory Table (D 4253 - 83) and Minimum Index Density of Soils and
Calculation of Relative Density (D 4254 - 83) respectively using oven-dried specimen.
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The minimum density was determined by filling the standard ASTM mold to the
brim using a scoop. The tailings sample was loosely placed by holding the scoop above
the surface of the specimen. Precautions were taken to ensure the tailings sand slid gently
onto the previously placed sand. A metal steel straightedge was used to level the surface of
the sand with the top of the mold.

Tests to obtain the insitu density of the tailings were performed using cylindrical
specimens prepared from the frozen samples. For each specimen, three linear
measurcments of length equally spaced around the cylindrical surface were made with
vernier calipers and the average taken. Two measurements of diameter were taken at the
two ends and the mid-length which gave six values. The average value was similarly
obtained and taken as the diameter of a specimen.

With the mcan values of each dimension, the volume of the specimen was
computed. The specimen was then weighed to obtain its mass. The bulk density was then
calculated by dividing the mass by the volume. The void ratios corresponding to each
density were calculated for use in determining the relative density.

A vibratory table with a mold assembly attached to it was used for the determination
of the maximum density. The mold was filled with the sample, striking the sides of the
mold a few times in the process to settle the tailings sample. A surcharge base plate was
placed on the surface of the sample and twisted slightly to ensure it was firmly and
uniformly in contact with the surface of the sample. The mold assembly containing the
sample was then vibrated for 8 minutes on the vibratory table.

The results of the densities and the void ratios together with other results related to
tailings deposits reported by various writers are discussed in the Chapter V1.
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§.9 Water content determination

Tests to determine the water content were performed using frimmings obtained
during the specimens preparation. For a given sample, the cuttings were divided into cither
4.5 or 5 cm layers from the top surface to bottom depending on the height of the sumple.

The water content determined was considered as that for depths varying from 0 to
15 cm in order to obtain a sense of the changes in the water content across a given sample.
For a sample, the water content was calculated as an average of four measurements. The

test data from the water content determination are presented in Chapter VI,

§.10 Triaxial testing

To study the undrained behavior of the Brenda Mines tailings depasit, a series of

consolidated undrained monotonic triaxial compression tests were performed using

machined into 76 to 90 mm length and approximately 38 mm diameter specimens. The test
specimens were set up in a triaxial cell following the standard procedure.
However, to prevent the specimens from thawing and collapsing prior to any

application of load, the setting up was carried out in a cold room where a -100C

allowed time to cool before the specimens were mounted in the cell. Water 1o which a
small quantity of antifrecze had been added was used as the cell fluid. The water was kept
in a container fitted with a tap at the bottom. The container was placed in the cold room to

allow the water to cool to the room temperature.

maintained with room tempearture where under no drainage conditions, an all round
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confining pressure of 50 kPa was applied and the specimen allowed adequate time to thaw.

end and drained at the top end to evacuate entrapped air out of the specimen.

After virtually all the air had been forced out of the specimen, the specimen was
buck pressure saturated. The all around cell confining pressure was initially increased to 60
kPa and a back pressure of 40 kPa was applied to the sample. Both the all around
confining pressure and the back pressure were increased in steps of 60 kPa up to the
maximum values that depended on the total confining pressure at which the specimen was
1o he sheared to failure. However, a constant effective confining stress of 20 kPa was
maintain for all the specimen during the saturation stage. Adequate time was allowed for
the saumple pore pressure to stabilize after each total stress increment before recording the
sample pore pressure.

The pore pressure parameter B was evaluated for every increment to establish the
degree of saturation achieved. The specimen was considered to be fully saturated when the
B parameter was obtained to be not less than 0.98. Summary of the results of evaluating
the B parameter is presented in Table 6.5.

Maintaining the condition of no drainage, the specimens were isotropically
consolidated by increasing first the cell pressure and then the back pressure to give the
required effective stresses. The zero readings of the volume change device and the pore
pressure at time zero were recorded. The valve which connected the specimens to the
volume change apparatus was then opened to allow drainage to occur. The samples were
generally consolidated to effective stresses greater than the estimated insitu effective stress
for the depth at which they were obtained. The specimen void ratios at fuilure presented in
Table 6.5 show that the specimens were consolidated to a medium to dense state except for
the specimen retrieved from CH | + 400 ¢c/L. After the consolidation, the drainage valves
were closed.



The specimens were sheared under no drainage condition by applying axial load at
constant vertical strain rate using @\ keham-Farrace loading press triaxial apparatus.
Figure 5.1 shows schematically the triaxial cell assembly. Shearing was continted until at
least 20 % vertical strain was achieved. An clectronic data acquisition system consisting of
a microcomputer and a datalogger board was used to read and record the load cell, volume
change and the various pressure transducers. The sample data. test conditions and
summary of the results of six consolidated undrained triaxial tests are presented and

discussed in chapter VL.
5.11 Summary and Conclusion

Standard ASTM tests procedures were used to obtain the index and strength
properties of the Brenda Mines Ltd total tailings as discharged onto the emergency

depositional beach of the mine. The tests performed have been described in this chapier.

Presentation and discussion of the tests data and results shall be given in Chapter VI,
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CHAPTER VI

GEOTECHNICAL PROPERTIES OF A TAILINGS DEPOSIT

6.1 Introduction

volumes of tailings produced during the life of a mining operation is also an important
consideration during development of a tailings management system.

Knowledge of the material properties of a given mine tailings is thus essential to the
successful performance of a tailings impoundment structure and thus the mining industry.
The construction of a tailings embankment in a seismic environment requires that the
material be placed at a minimum relative density of 60 percent (Mittal, 1974). Being able to
predict the profile of a tailings beach permits the assessment of the position of the pool and
the tailings storage capacity (Blight et al, 1985). Keshian and Roger (1988) point out that
the future reclamation of tailings deposits also requires the in-situ characterization of their

The index and strength properties of tailings which were hydraulically placed in the
emergency depositional arca of the Brenda Mines Limited have been studied. Elevation
survey of the beach has been conducted to obtain the beach profile. The results of these
laboratory and field studies are discussed in this chapter. While conducting the studies the
samples were identified by the distance from the discharge point on the emergency
depositional area at which they were retrieved.
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The investigations were carried out with the aim of obtaining typical data in relation
to the ongoing studies of hydraulic fills. It is hereby emphasized that the research project is
not detailed enough, and was not intended to assess the performance of the tailings facilities
referred to in this study. However, it is hoped that the research results from this thesis may
be utilized to enhance the understanding and use of hydraulically placed tailings for future

cmbankment design and construction.

6.2 Grain size distribution

Figures 6.1 and 6.2 present the areal and vertical distributions of the particle grain
size along the emergency beach tailings. The surface deposits indicate that the emergency
beach material varied within a relatively narrow range. However, the material close to the
pond varied significantly in grain sizes (figure 6.1a). Electric cone friction ratio of the
sandfill in the main tailings dam obtained from static cone penetration tests indicates that the
sandfill consists of uniform sand with negligible amounts of silt and slime materials (Kiohn
Report, 1984). Figure 6.1b shows the range of the grain sizes of the main dam tailings.
At a given location on the emergency beach, the grouping of the vertical distribution of the
grain sizes is relatively close (figure 6.2) except at CH. 1 + 200 (figure 6.2c), where a
greater amo. 1t of silt was deposited at a depth 120 cm.

Table 6.1 contains a summary of the various grain size parameters determined along
the Brenda mine emergency tailings beach. The variation of these parameters for samples
taken at the beach surface along the centerline are presented in figure 6.3.

Figure 6.3 shows that there is a slight overall reduction in the D¢ (effective size),
Dsp (mean grain size) and Dgg from the point of discharge towards the pond. However,
the trend of the variations of the Dsg and D) sizes does not apply to the Dgg. The Dgg
shows greater variation within the majority of the emergency beach deposit and greater
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decrease near the pond. Close to the pond. a sudden reduction in the three parameters is

The variation in the uniformity coefficients (Cu = Dgo / Do) and Dug 7 1o are
presented in figure 6.3b while figure 6.3¢ shows the fines content. The results indicate that
the tailings deposit has a fairly uniform C,. The quaniity of fines does not vary
significantly at the upstream section. A sudden increase in the fines content is however,

observed in the material deposited close to the pond (Figure 6.3¢).

6.2.1 Discussion of result

The particle grain size distribution curves show that the tailings slurry discharged
onto the emergency beach behaved as a segregating mixture depositing predominantly
medium to fine sand at the upstream portion of the beach (figure 6.1). The fine grained
sandy silt tailings were transported and deposited further downstream close (o the pond.
The fines may have been initially deposited below the pond level but is presently exposed

due to the subsequent lowering of the pond water level by pumping the stored water into

sandfill in the main tailings dam.

The slight reduction in D, Dsg and Dy, with distance along the beach (figure 6.3)
are consistent with the effect of hydraulic sorting in a scgregating slurry which is pluced by
hydraulic deposition (Kipper, 1991). The values of DD () und Dyy/D() presented in

(Kipper, opt cit).
Kilpper, (opt cit) referring to Yufin (1965) and Melent'ev et al, (1973) points out

tend to promote hydraulic sorting. Hydraulic sorting in the Brenda tailings may have
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resulted from the relatively high flow rate of 0.65 m3/s when discharged to the emergency

of tailings began at a high velocity in the narrow upstream section and decreased
significantly as the beach width increased allowing the flowing sand to spread laterally and
for the flow velocity to decrease significantly. Thus, the specific flow rate decreased with
increasing distance along the beach, a condition which enhances the segregation of the

flowing slurry as previously discussed.

6.3 Atterberg limits

Tests to determine the liquid and the plastic limits were abandoned when the tailings
sample containing the highest percentage of fines showed non plastic behavior. It was

inferred that the remaining tailings samples would similarly be non plastic.

6.4 Specific gravity

The results of the specific gravity tests are presented in Table 6.2. The values of
the specific gravity range from 2.72 to 2.80. An average value of the specific gravity is
calculated for a given sample location and the variation of the specific gravity with distance
from the point of discharge plotted as shown in figure 6.4a. An overall mean value of the

data (figure 6.4b). This value was used in all the computations requiring the specific

gravity.



6.4.1 Discussion of results

The specific gravity of the Brenda beach tailings material is found to be fairly
constant. The value of the specific gravity is higher than for most sands due to the
presence of heavy minerals in the tailings. The high specific gravity of the downstream
deposits may be attributed to high percentage of heavy minerals such as magnetite in the
finer grained material which would be carried along the beach (Kuerbis, 1989),

The measured value of the specific gravity compares well with those obained and
reported in other investigations (Klohn, 1984; Kuerbis, 1989) and included in Table 6.2.

6.5 Densities and void ratio of beach materisl

ratios determined for the tailings material. The in-situ and laboratory moisture content ~

density relationship is plotted in figures 6.5a and 6.5b, respectively. The variations of

attained at some portions of the emergency beach. However, compaction from
construction traffic may account for the high density of the samples obtained from CH

The variations in the densities of the tailings specimens along the beach show
irregular patterns. The bulk density initially increases with distance from the point of
discharge, then decreases to a minimum value and increases near the pond (figure 6.6a).
The maximum dry density increases slightly along the beach and remains nearly constant,

then slightly decreases and increases again toward the pond. The minimum dry density
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shows an initial decrease, becomes constant, then decreases again and increases near the
pond. The in-situ dry density initially increases with distance from the point of discharge
to a maximum value and then decreases steadily towards the pond. It ranges from 1.328 to
1.618 Mg/m*. The maximum bulk density and the highest insitu dry density occur at CH 0
+ 800 c/L. which is located about mid length of the emergency beach. The insitu bulk
density range from 1.507 10 1.920 Mg/m3.

Mcasurements from undisturbed samples retrieved at the surface of the tailings dam
indicate that the initial in-situ dry density of the hydraulically-placed cycloned sand ranged
from 1.413 to 1.530 Mg/m? with an average of 1.456 Mg/m3 (Table 6.4). The
introduction of cell construction methods altered the surface densities. The upper 0.6 m of
sandfill in a construction layer within a cell was compacted to densities varying from 1.472
to 1.547 Mg/m? with an average of 1.519 Mg/m3 (Klohn Report, 1984).

The bulk and dry densities of undisturbed samples obtained at varying depths in the
main dam indicates that the dengsities increase with depth (Klohn Report, opt cit). The
density increase with depth is most pronounced near the surface and becomes gradual at
depth. In-situ densities obtained by continuous logging of nuclear probes (figure 6.6b)
confirm that the densities determined using undisturbed samples retrieved at discrete
locations do represent a continuous density profile of the dam tailings.

Table 6.3 indicates that the void ratio of the emergency beach tailings deposit is a
nding to the highest in-situ dry density. The in-situ

minimum at the water content corres
voids varied between 0.693 and 1.064. The insitu void ratio initially decreased with
distance from the discharge point and then increased steadily towards the pond (figure 6.7).
Both the insitu dry density and void ratio show similar consistent variations in trend. It is
ineresting to note the relatively high void ratio of the material deposited at CH. 0 + 400 c/L
which is close to the point of discharge.




Figure 6.8 presents a plot of relative density versus distance from the discharge
point. It can be observed that there is no defined pattern in the variation of the relative
density along the beach. The loosest materials are deposited near the pond and close to the
point of deposition of the tailings respectively. The densest material is obtained af
approximately the mid length of the beach. The relative density rangea from 28 10 73%
with an overall average value of 52%.

Results from static CPT carried out on the main dam and contained in Klohn's
Report (1984) indicate that the relative density of the sundfill ranged from 40 10 80%
(figure 6.8 b). These relative densities were obtained using Schmertmann's (figure 6.8¢)

and Baldi et al correlations between the electric cone bearing values and relative densitics

found to increase with increasing depth.

However, conc bearing values of the beach tailings were found to be considerably

material was deposited in the pond becoming less consolidated with increasing distance
from the dam. The relative densities of the main dam tailings were also estimated from
SPT data using Gibbs and Holtz and Bazaraa correlations as ranging from S0 o 70% and
40 to 60% respectively.

6.5.1 Discussion of results

that the

The in-situ water content - density relationship of the Brenda tailings shows
hydraulic deposition process resulted in material attaining densities comparable with the
optimum dry density from laboratory standard compaction test (figure 6.5). The mean
density of the emergency beach deposit is slightly higher than the mean density of the
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Howecver, greater variation in the measured density occurred within the emergency beach
deposit compared to the cycloned sand in the main dam.

The density of a granular material is affected by factors such as grain size
distribution, shape of grains, roughness of the grain surface and the level of energy
associated with the depositional environment.  In hydraulic fills, high flow rates and low
slurry concentrations are known 0 cause an increase in beach density by creating a high
cnergy environment associated with a low rate of deposition, but it may also cause a
decrease in density by accentuating hydraulic sorting and depositing a uniform material
(Kiipper, 1991).

Figure 6.8a shows that the variation of the relative density along the beach is
irregular. The relatively loose sand close to the point of discharge may have resulted from
material being deposited downslope of a fanhead entrenched channel. As mentioned in
section 4.2, this location is near the end of a channelized zone which formed during the
deposition and building of the emergency beach.

In the study of alluvial fans temporary or permament entrenchment of channels near
the apex of the fan is a common and hydraulically important characteristics (French, 1987).

The apex is the highest elevation on an alluvial fan and occurs where the stream responsible
for the formation of the fan emerges from a mountain. Channel entrenchment occurs when
crosion rather than deposition takes place at the apex.

French (opt cit) reviews some of the explanations suggested for the formation of
fanhead entrenchment of flow chaniels. In one of the explanations it is noted that rare flow
events such as large-scale flooding which has a greater sediment transporting capacity may
cause temporary channel entrenchment. It is suggested that frequent flow events result in
aggradation of the channels. However, a series of moderate flow events with low sediment
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The material eroded at the point of channel entrenchment is redeposited further
from the apex. The effect is that coarse and loose material is deposited downslope of the
fanhead entrenched channel (French. opt cit).

At the Brenda Mines the configuration of the valley containing the emergency beach
and the mode of slurry discharge to the beach as discussed in seetion 2.5 suggest that the
formation of fanhead entrenchment was possible. The high cnergy flow of the tailings
likely promoted flow dynamics of the chute-and-pool conditions (Kiipper, opt cit) in which
the previously deposited material was eroded and transported by the high energy Now of
the chute and thrown into suspension by a hydraulic jump at the end of the chute. A
subcritical flow in the pool immediately after the hydraulic jump could cause the material in
suspension to be rained down to form a loose deposit. Such flow charucteristics would
easily occur in a fanhead entrenched channel and may account for the presence of the loose
sand deposited upstream of the emergency beach.

The low relative density of the material near the pond suggests that the tailings were
initially deposited below water. Here, lowering of the pond water level also may have led
to an artificial oversteepening of the previously underwater slope and disturbing the alrcudy
loose deposit (Kilpper, 1991).

Relative density is widely used to define and control the quality of compaction
within granular fills. In the construction of tailings embankments, compaction control is
often used to reduce the danger of any potential liquefaction failure. This is controlled by
specifying a minimum relative density for the compacted material. In-situ relative density
of 60% or greater are required (o ensure a reasonable safety against failure by liguefaction
(Miual, 1974). Specifications for rolled sand fill usually require compaction to 70 per cent

relative density or greater. Poulos and Hed (1972), however cite the case where relative
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density of 50 per cent or less was achieved during hydraulic filling yet the fill was still
considered satisfactory.

Hydraulic fills usually consist of clean sands compared to rolled fills which
generally contain more fine grained materials. Rolled fills are more likely to have non
uniform density because they are normally placed at water contents that encourage bulking
while being compacted.

The emergency beach tailings have an average relative density of 52%. The high
relative density of 72.7% of the sample retrieved from CH 0 + 800 c/L maybe due to
compaction provided by construction traffic using the access road that passed close to this
location. However, samples which were taken from two other locations far from the
access road attained relative densities greater than 60 per cent.

Table 6.4 compares the densities of the Brenda tailings as reported by various
investigators. The results of the densities of the tailings deposit presented in this chapter
show that relatively high densities were achieved within the unengineered hydraulic fill
deposition. It is thus probable that if the method of direct hydraulic placement were
optimized the overall density of the fill could have been substantially improved without the
use of additional compaction effort or use of methods to preferentially remove the fines

fraction prior to placement of the fill.

6.6 Shear strength

The stress ~ strain curves, stress paths and pore pressure change for each of the
consolidated undrained triaxial test are presented in figures 6.9 to 6.14. The triaxial tests
smaller than the thickness of the membrane used. The stress ~ strain and the pore pressure
curves are plotted respectively in the form of deviatoric stress and pore pressure change
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versus axial strain. The effective stress paths are illustrated in terms of the mean shear
stress against the mean normal stress plane (g ~ p).

The stress - strain curves presented in figures 6.9a to 6. 14a indicate that the Bremda
tailings exhibit post peak strain hardening characteristics. The specimens continued 10 gain
in strength with increase shearing until the steady state line was reached thereafier e
occurred in the samples afier they steady state line was reached. failure strengths were only
reached at strains ranging from 9 to 23 %. The pore pressure response (figures 6.9b (o
6.14b) and the effective stress paths (figures 6.9¢ (o 6.14¢) indicate a consistent dilative

behavior ¢ f the tailings specimens.
6.6.1 Discussion of results

Pitman (1993) summarizes the stress - strain behaviors that can be observed from
undrained monotonic triaxial testing on a sand and groups them into three response types
(figure 6.15a). According to this grouping, Types | and 2 exhibit strain soficning
responses which may lead to liquefaction failure or partial or limited liquefaction
respectively. A sand which behaves in either mode is referred to as having a contractive
behavior during undrained loading.

In Type | response, the strain softening behavior is highly pronounced. The peak
resistance with continuous shearing after the peak strength is reached. Type 2 response
represents a transition stage in which the strength of the specimen decreases to a residual
vilue and then increases again. Type 3 soils, referred to as dilative, exhibit a strain

hardening behavior in which the postpeak strength increases with continuous shearing.
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Ftgure 6.15b presents the corresponding effective stress paths associated with the three
response types.

The dilative behavior of the specimens obtained from this study consisting of
consolidated undrained tests are consistent with the densc state at which the tailings were

depaosited (figures 6,10, 6.11, 6.13). However, the behaviour of the tailings which were

contractive response similar to either Type | or Type 2, whereas, they showed a dilative
response umtil failure was reached.  These specimens had relative densities of
approximately 30% but contained significantly different amount of fines. The data shown
in figure 6.9 and 6.14 were for specimens prepared from the sane undisturbed sample
containing 6% fines but tested at different effective confining stresses while figure 6.12
shows the behavior of a sample containig 69.9% fines.

More detailed tests data is required from consolidated undrained triaxial tests on

similar tailings specimens before one can establish firm conclusion about the behavior

shown in figures 6.9 and 6.14. However, the failure void ratios, ef of these specimens

shown in Table 6.5 indicate that the specimens were consolidated to dense and medium
densc states prior to shearing.  Results reported by Klohn Leonoff Ltd (1984) show a
similar dilative response in a fine, predominantly non stratified cycloned sand containing
about cight per cent non-plastic fines (Figure 6.16),

Figurc 6.17 is a plot of the steady state/critical void ratio line for the Brenda
cycloned sand obtained by substituting values for the state boundary constants T and A into
cquation 6.1 (Sasitharan, 1993).

c=r-Alnp (6.1).

consolidation are also plotted in figure 6.17. The results show that with the exception of



the specimen retrieved from CH 1+ 400 ¢/L., all the specimens tested were consolidated to

The results presented in figure 6.12 were obtained from the tilings specimen tiken
from CH | +400 ¢/L. The particle grain size distribution curve tor the sample (ligure 6.1)
shows that the sample is predominantly silt with approximately 69,990 of non pliastic tines,
Kuerbis ¢t al, (1989) reporting on the Brenda tailings sand established that the dilitive
behavior of the tailings sand under undrained monotonic triaxial compression is eohanced
when the test sumples have increased silt content. This trend was also observed by Pitian
(1993). The effective stress response obtained in this study (figure 6.12¢) s theretore
consistent with these two observations,

Consolidated undrained triaxial results from tests conducted on the Brenda tailings
sand and reported by others indicate that the behavior of the tilings sand ranges from
contractive to moderately and highly dilative (Klohn Leonoft, 1984 Kuerbis ef al, 1989).

Whereas the material tested in this study was obtained from insitu sampling of the 1otal

tested were then reconstituted from the undisturbed material obtained from the dam.
Pitman (1993) argues that sands which have sufficiently high plastic or non plastic fines
contents will exhibit purely dilative behavior and that purely contractive behavior which
will result in collapse liquefaction flow failures will only occur in clean sand comaining
little or no fines.

Loose, saturated sands have a great tendency 1o contract. Such sands are unstable
and the application of shear stress causes the inter particle structure of the sund to decrease
in volume or contract. If no drainage is allowed during shear, rather than a volune
decrease a large build up in pore pressures occurs allowing the shear resistance of the sand

to decrease from the peak strength to a lower value known as the steady state strength.
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Liquefaction occurs when the saturated sand loses a large percentage of its shear
resistance and can flow in a manner resembling a liquid until the internal shear stresses
acting on the mass reduce to the steady state strength. For liquefaction to occur a triggering
mechanism consisting of monotonic or cyclic load application to overcome the peak
strength must be made available.

The results of the consolidated undrained triaxial tests on specimens of the Brenda
tailings deposited in the emergency beach presented herein suggest that relatively stable
deposits were formed from the hydraulic fill deposition process. The tailings samples are
found to exkibit post peak strain hardening at low to relatively high confining pressures.
The samples, however, required substantial deformation before they reached their ultimate
resistance after which nonuniform de.srmation began to occur.

A madified Mohr plot presented in figure 6.18 shows the effective friction angle,
¢', of the tailings material ranges from 359 to 399, Figure 6.18 is obtained by plotting the
mean shear stress, q at failure against the corresponding mean normal stress, p', for all the
tests. The high ¢' results from the high degree of particle angularity which are
characteristics of mineral processing tailings.

Figure 6.19a shows a typical specimen set up in the triaxial apparatus prior to
shearing. Few of the specimens failed by bulging (figure 6.19b) while others failed by
shearing along a relatively defined plane inclined at approximately 309 to the plane of the
deviator load (figure 6.19¢). Table 6.5 presents a summary of the sample data, tests
conditions, and summary of the results for six consolidated undrained monotonic triaxial
compression tests.

It can be observed from Table 6.5 that specimens consolidated to the same effective
confining stresses exhibited different failure conditions. The variations in the peak stress
conditions may be attributed to the different total confining stresses on the specimens

(Figures 6.9a2-6.14a) and the void ratios, ¢; at the end of consolidation.
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Specimens consolidated to higher total confining stresses sustained higher peak
6.5 shows that the specimens obtained from CHs | + 200 and 1 + 400 which were
consolidated to the same total and effective confining stresses but different void ratios
showed different peak values of 6°) and uy. The two specimens which were of different
heights, however, tailed in a similar mode. The variation in the peak values of 67 and wy
observed may therefore be due to the difference in the consolidation void ratios of the
specimens. The more dense specimen sustained higher effective normal stress and
generated lower pore pressure. Table 6.5 also shows variations in minimum cffective
stresses and the axial strains at failure. However, no defined trend in the variations was

observed.

6.7 Beach profile

Figure 6.20 presents the slightly concave longitudinal profile measured along the
assumed centreline of the Brenda Mine's emergency tailings beach. The slope of the
emergency beach is calculated using two points - onc at the upstream section (CH 0 + 400
c¢/L) and the other at the downstream (CH 1 + 200 ¢/L) respectively. The measured slope is
compared with the overall slope provided by the mine. The slope of the emergency beich
is also estimated using the empirical relationship proposed by Kipper (1991). Utilizing
data provided in the literature, the empirical relationship is used to determine the slopes of
two other tailings beach reported by Boldt ( 1988).

The results of the measured beach slopes are compared with the calculated for all
the beaches (Table 6.7). Section 6.7.1 summarizes and discusses the results of the

estimated and measured beach slopes in relation with the mechanisms of fill formation.
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6.7.1 Discussion of results

The importance of an accurate estimation of the slope of a tailings beach has been
stressed by various writers. Melent'ev et al, (1973) show that the slope formed by
hydraulically placed granular materials can be represented by a dimensionless "master

profile” as;

n
!=(l—£’-) . (6.2)
y X

where the parameters arc defined in figure 6.21. n is a material property that can be
determined in laboratory.

The master profile is a normalization of the slope profile of the beach. It is
considered to apply to all slopes constructed of a similar material regardless of the beach
length or the elevation difference between the slurry discharge point and the pond. The
formation of a master profile suggests that the depositional characteristics, modes of
sediment transport and profile formation are consistent for any slope (Conlin, 1989).

The concept of the master profile has been discussed by Blight (1987), Wates et al,
(1987), Blight and Bentel (1983) and Kipper (1991). Kipper (1991) also reviews other
relationships proposed by many investigators, then discusses the limitations associated
with the use of the available empirical equations to predict the overall slope of a tailings

beach and suggests a dimensionless parameter, P' to estimate the overall slope of a

hydraulic fill beach as
iy = SVP',
AC G-1)D
where p="" V(G - 1)Ds 6.3)

Q
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and G =py/pu.
The various parameters which affect the overall slope of the tailings beach and used in
equation 6.3 are defined as

Cw is the slurry concentration in terms of weight

Dsp the mean grain size |L]

g the acceleration of gravity [LT-2

Ps.Pw the specific weights of the grains and water respectively (F1L-3)

Q the total flow rate at the discharge point |1L3T-1]

A the area of the discharge pipe [L.2)

The dimensionless parameter P' represents the ratio between gravitational forees
and inertial forces and allows tests performed at different scales such as laboratory flunw
and field tests to be normalized according to Kiipper (opt cit).

To utilize equation 6.3 a record of reclaim and fresh water discharged into the
tailings pond at the Brenda mine from the period January 1988 to December 19%) was
obtained as shown in Table 6.6. The total tailings discharged into the pond, Q is estimated
as water from mill to reclaim pond with tailings = reclaim water + two-thirds of fresh water
(Brown, 1992), which gave a value of Q to be used in cquation 6.3 of 0.65 m¥/s, The
following quantities were also obtained for use in equation 6.2, Cy, = 30 %, D5y = 0.275
mm, G =2.74,d = 0.61 m and g = 9.81 m/s2. Substituting these values into equation 6.3
gives the overal! slope, iyy, of the emergency beach as

iav = 4.8 %.

The average slope of the beach computed from the pkat of the levels taken at the
emergency depositional area was 1.48 %. In measuring the slope of the emergency beach
the upstream point was taken about 400m from the start of the beach. Thus, about one-
third the length of the beach was not considered. However, calculation of the beach slope
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from the topographic map of the tailings facility gave a maximum slope of the emergency
beach as 1.7%. The slope of the beach was also furnished by the mine authority as varying
from about 2 % at the upstream section to | % at the downstream section (Brown, 1992)
which gave an average slope of 1.5 %.

It can be seen therefore that the slope of the beach profile measured from the levels

been manually reworked. It is most probable that the beach slope was slightly altered in the
process. The leveling of the beach to facilitate the revegetation program might have
involved moving some of the in-placed material from the upstream section and depositing it
downstream, thus, reducing and increasing the upstream and downstream slopes
respectively. The result is that the overall slope of the beach is likely to have been made
less steep than that of the as-placed condition. It is however, unlikely that the slope was
altered to such an extend as to explain the difference between the predicted and actual
slopes of the emergency beach.

The difference in the measured and predicted slopes of the beach profile maybe
attributed to the method by which the emergency beach was formed as explained in 2.5. A
possible high energy flow of the tailings at the narrow upstream section probably eroded
previously depe sited material and redeposited further downstream. Thus, the profile of the
beach was made flatter reducing the overall slope. In conventional tailings beach, slopes of
4.5% from spigotted discharge have been reported (Yano and Handford, 1990).

Table 6.7 presents the discharge characteristics and the measured beach slopes of
tailings deposited in two ficld studies and reported by Boldt (1988). Using the data
presented, the beach slopes are calculated using the P parameter for each run and
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compared with the measured slope. It is found that the calculated slopes are always greater
than the measured slopes. However, the trend is similar to that observed in the case of the
Brenda mine tailings.

The P' parameter can be said to give an estimate of the mitial undisturbed slope of a
beach profile formed under normal flow conditions. In this study the slope of the hydraulic

fill emergency tailings beach could not be predicted using the P paranwter.

6.8 Summary and conclusion

The results of the laboratory tests on specimens of the Brenda total tailings
presented in this chapter give the geotechnical characteristics of the depositional
environment. Index and s.rength properties obtained show that the hydraulic method of
depositing the tailings slurry yielded beach material with satisfiactory engineering propertics
comparable to the properties of the sandfill in the main dam. [t is interesting to note that no
engineering consideration was given to the deposition at the emergency arca (Brown,
1992).

The particle grain size distribution curves of the samples taken from different points
on the beach show that the solid fraction of the tailings slurry has relatively uniform grain
size. However, the depositional process resulted in hydraulic sorting along the beach.

The in-situ densities of the emergency beach deposits are comparable with densitics
of the same tailings material derived from cycloncd sand and hydraulic cell construction
method and used in the construction of the main tailings dam. The relative densities
obtained in this study suggest that the hydraulic discharging of the slurry at the emergency
beach yiclded nonliquefiable tailings deposit in the large central portion of the beach. Itis
seen that phenomena such as fanhead channel entrenchment and deep channelling which
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contribute to the deposition of loose and/or coarse material in alluvial fan delta have similar
cffects in hydraulic deposition of the tailings as outlined by Kiipper (1991).

The stress-strain response from consolidated undrained monotonic triaxial
compression tests on the tailings specimens indicate that the tailings behave in a dilative
mode at low and high confining stresses. The dilative response of the specimens increases
with increasing silt contents.

Level survey shows that the emergency beach has slightly concave longitudinal
profile. The measured slope of the beach profile is found to be about three times less than
that estimated using an empirical relation proposed by Kilpper, (opt cit). A high rate and
cnergy of deposition from sporadic discharge of tailings slurry onto the emergency beach
caused a much smaller beach angle.

Though the single point gravity discharge of tailings slurry at the Brenda mine
cmergency arca was not designed as an engineering structure, most of the resulting

characteristics of the deposited tailings suggests that the material formed a stable fill.
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Table 6.1- Grain size parameters of tailings deposit

7
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Table 6.2 Specific gravity of tailings material

Sample Dist.(m) Depth| Specific|
(cm) ravit
0+300c/L ~ 0 i.ﬁ
0 + 800 ¢/l 800 0 2.80
0+ 800R 800 0 2.73
1 +000c/L 1000 90 2.74
1 +000 ¢/L. 1000 120 2.74
1 +200c/L 1200 0 2.72
1 +2001L 1200 0 2.73
1 +200L 1200 30 2.72
I +200L 1200 60 2.76
| +200L 1200 90 2.74
1 +200 L. 1200 120 2.79
| +400c/L 1400 30 2.717
1 +400¢/L 1400 60 2.75
| +400c/L 1400 90 2.76
1 +400L 1400 0 2.73
Underwater 1410 0 2.713
Kilohn (1984) 2.70
Kuerbis (1989) 2.72

Table 6.3- Index properties of tailings samples.

 Sample w Y, Yy (M }’m3) | c D,
(%) | (Mg/m3)pn-situ | min. | max. pn-situ| min | max. | (%)

0+400c/L [11.60 I.%/!K 1457|1336 [ 1.73T [0.88T [0.374 [ T.02T [ 31.34
0+800c/L {1863 1920 |1.618]1.326]1.764 |0.693 | 0.553 | 1.066 ]| 72.78
1 4+000c/L [ 14.61] 1.792 | 1.564]1.327]1.761|0.752 | 0.556 | 1.065 } 61.39
14+200c¢/L ] 739 ] 1.507 |1.403]1.183]1.562]0.953 {0.754]1.316]64.70
1+400c¢/L | 35.29] 1.796 ]1.328]1.229]1.67911.064 ] 0.632]1.229]27.72
Table 6.4 - Densities of Brenda tailings deposits

Location of tailings Dry density (Mlhii) Reference
L ran mean

Tnitial cycloned sand | 1.414- I. T.433 Klohn Report (1989)
(hydraulic cell) Lighthall, et al, (1989)
Dozer compacted sand | 1.470- 1.550 | 1.520

Sand unaffected by | 1.410-1.530 1.460 Lighthall et al, (1989)
dozer
[Emergency beach 1.328-1.618 [1.470 Current study




Table 6.5- Consolidated undrained triaxial tests results

Mode of
failure
04400 36.1 |87.6]| 1.471 |0.881] 098 | 50}1030 e,.q,wL 1566 [392.2|707.8|587.0 [979.2 Q.ai 189 O
0+300 | 1 |382(84.4| 1618 10693} 099 | 50|287.90.5200 1265 [292.4] 57.6 |ae.3 | 778.7| 0520 94| T
1+000 | 1 |36.5[82.2( 1.564 [0.752] 1.00 | 20| 76.q0.742) 181.6 | 51.3| 48.7| 652 116.5( 0.742] 10.7] @
14200 | 2 | 37.359.4| 1403 [o0.053] 100 | s0 N_S.Aa.&L 962.1 [2108{139.2| 375.6 | se6.4. 03 E_.._Q
14400 {2 | 38.7|77.7] 1.328 1064 099 | 50 §.¢Wﬁ 885.7 |227.71222.3| 329.0| 556.7| 09 Nu.u;@




Table 6.6 Record of reclaim and fresh water discharge (Brenda Mines)

Month

1989

1990

reclaim

“fresh

“reclaim

fresh

reclaim

January

9980

357

10021

583

10513

10016

540

9824

537

10665

'Fc;::uig 7

10086

341

9753 _

576

10918

April

10237

402

9717

596

413

9984

27

9454

May
June

10346

495

390_

Jul

10166

528

421

10152

530

446

ugust
Sc eplember

497

454

October

9954

591

169

November

9830

737

523

December

10298

387

593

Average

values (except data with*

10071

_534.8

~ 501.3

10326

mYs

0635

0034

0.032

0.651

Table 6.7 Physical properties of deposited tailings (modified after Boldt, 1988)

Run Slurry density
(% solids)

Exit velocity (V) |Gs

(R/7s) l(m/s)

Dso
(mm)

P

WAvibea:fh

%)
meas.

450
430
570
55.0
26.0
21.0
0.0
20
X} 500
50.0
220
200

40
9.0
40
20
4.0
7.0
50
90
80
50
8.0
3.0

1.220
2.743
1.220
2,743
1.220
2134
1.520
2,743
2438
1.524
2418

1.524

2.68

2.68

268
2.68

2.68
2.68
2.84
2.84
284
284
284

284

0.09
0.10
0.07
0.09
0.09
0907
0.12
0.14
0.12
0.11
0.11

0.10

o
| Calc.
1.389 | 5.89
0.646
1.565
0.768
0.835
0.442
0.9%
0.524
0.974
1.448
0.393%

4.02
6.25
4.38
4.57
3R
4.82
3.62
493
6.02
34

34
2.32
160
2.80
2.60
1.74
2.74
1.21
2.26
2.86
2,08
2.138

0.571

n

1.82
.73
1.74
1.56
1.76
1.91
2
2.9
2.19
2.10
1.51
1.58_




Per cent finer

g

Percent finer than
P

[ ]
<

0

Sand

)ﬁ .

W

b b

10.000

100

0.100
Grain size (mm)

.

Underwater

o0 ¢/l
RO o/l
ROO R
ROO L.
1000 ¢/1
HXHIR
1200 N
1200 Lem
1400 ¢/
1400R
14001
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1.000

0.100
Grain size (mm)

b- Tailings dam sandfill (Source: Kiohn Report, 1984)

Figure 6.1- Grain Size Distribution Curves for Brenda Tailings
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Figure 6.4b - Normal Distribution of specific gravity data
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Figure 6.6- Densities of Brenda Tailings
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Figure 6.8a- Relative density of Brenda tailings
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(Modified afier Klohn Report, 1984
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Figure 6.8¢c- Static Cone Correlation Curves- Schmertmann
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Figure 6.15a- Typical stress - strain curves from CU triaxial tests
(modified after Pitman, 1993)

B ————— V - R R —— ,,’*
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Figure 6.15b- Effective stress paths for undrained triaxial tests
(modified afier Pitman, 1993)
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Figure 6.19a- Photograph showing a sample in a laboratory tiiacial set-up.

Figure 6.19b- Photograph illustrating one of the two modes of failure of the
Brenda tailings sample.
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Figure 6. 18¢- Photograph showing the predominant mode of failure of Brenda

tdings sample in a CU monotonic triaxial compression test,



Elevation (m)

I
1

igw =H|,Li =148 %

probable initial pond
level

K 400 800 1200 1600

Distance from point of discharge (m)

Figure 6.20- Longitudinal profile of tailings beach
( Brenda Mines emergency beach)

Figure 6.21- Sketch of a typical profile of a hydraulic beach
(Afser Kupper, 1991)



CHAPTER VI
CONCLUSION

Hydraulic fills are utilized as a method of construction and/or as a construction

by incorporating geotechnical considerations in the management of the tailings scheme.

The necessity to reduce environmental pollution by decreasing the areas available
for wastes disposal require that engineered solutions be found to minimize the cost of
disposing of mine tailings and at the same time minimizing their effect on the
environment. The enginecred solution demands understanding of the mechanical
behavior of the tailings slurry and require the insitu characterization of the material
propertics of the deposited tailings.

Hydraulic fill has been used extensively in the mining industry because they are
economical and easy to construct. To enhance its use, different investigations have been
conducted to study the properties of the deposited fill. One of these studies was recently
carried out to investigate the deposition process, the characteristics of the hydraulic fill
and the relationship between the mechanisms of fill formation and the resulting properties

conditions required by a project, the hydraulic fill nceds to be designed as an engineering
material. Klpper, (opt cit) points out that the properties of the hydraulic fill depends on

The current research was carried out as an ancillary study to Kilpper's work. This
study was conducted at a time whea the minc herein referred to was no loager active and




to observe most of the characteristics of the slurry flow on the beach and has limited the
interpretation of some of the results.

To achieve the objective of the research, a systematic conventional geotechnical
testing program was embarked upon to study the characteristics of the total tailings which
were discharged onto the emergency disposal area of the Brenda Mines. The tests were
conducted using disturbed and undisturbed frozen samples retrieved from the emergency
beach to obtain the variation of the grain size distribution, density and the strength
characteristics of the beach material. The geometry of the beach profile was also studied.

The particle grain size distribution along a tailings beach is influenced by the type
and behavior of the tailings slurry. The grain size curves obtained from this study varied
within a relatively narrow range suggesting that the solid fraction in the tailings slurry
had a nearly uniform grain sizes. However, hydraulic sorting along the beach was
observed. The results showed a slight reduction in the grain size with distance from the
point of discharge. The coarse materials were deposited at the upstream section. At the
downstrear end of the beach a sudden and significant reduction in grain size was
observed. It may be inferred that much more fines were discharged into the pond.

The densitics of the deposited tailings were found to be comparable with that
obtained in other investigations. Average relative densities ranging from 27 to 73% were
obtained. The loosest materials were found at both the upstream and downstream
portions of the beach respectively. The upstream loose sand was deposited downstream
of a probable fanhead entrenched channel. The downstream material was located close to
the pond and probably was deposited under water. The deposition process yielded some
material with relative density greater that 60% indicating that some of the deposited sand
would likely not liquefy.

The results of the consolidated undrained triaxial compression tests showed a
consistent dilative response of the beach deposits at low and moderately high confining
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pressures. The positions of the void ratios of the emergency beach tailings specimens at
the end of consolidation (and the in-situ void ratio) on a plot of a steady state/critical void
ratio line for the Brenda cycloned sand indicate that the tailings in the former were
deposited in a dense state. The triaxial tests were not carried out at very high effective
confining stresses and no extension tests were performed. The behavior of the total
tailings specimens under these conditions was therefore not studied.

The dilative or contractive response of sand under undrained loading is an important
consideration in assessing the liquefaction potential of the sand. Loose, saturated sands
arc known to be susceptible to liquefaction. For sands to liquefy, a triggering mechanism
consisting of monotonic or cyclic loading to reduce the peak strength of the material is
required. Monotonic loading may arise from static loads from the embankment self
weight and any imposed loads. Cyclic loading may be due to dynamic load such as from
carthquake or impact loading.

In utilizing tailings in embankment constructions, various methods of improving and
placing the appropriate material are embarked upon to ensure that only coarse,
nonliquefiable solid fractions of the tailings are used. Compaction control is usually used
to minimize the potential danger of a liquefaction failure. A minimum relative density is
specified for the compacted material.

Kipper, (1991) demonstrated that a properly designed hydraulic fill could be
deposited such that the initial density will be below the steady-state line and remain non-
liquefiable up to significant stress levels. The current research has shown that relatively
dense non-liquefiable deposits resulted from the single point gravity discharge of tailings
slurty. The results suggest that the total tailings discharged to the emergency beach was
suitable for the construction of the tailings embankment. It is anticipated that if adequate
engineering considerations had been given to the method of discharging the tailings
slurry the physical properties of the material in the emergency beach could have

108



improved significantly. It was observed that the sporadic discharge of the tailings and the
high flow and encrgy of deposition affected the properties of the material deposited on
the emergency beach.

Single or double stage cycloning and hydraulic cell construction are frequently
employed to obtain suitable material for constructing tailings cmbankment. The results
of this study show that the physical properties of the total tailings in the emergency beich
are comparable to those obtained for use in the construction of the main tailings dam. It
is therefore recommended that further research to study the material behavior of (ofal
tailings deposited under field conditions be carried out. Stress-strain response under
different loading conditions should be studied using specimens obtained from
undisturbed samples of the actual deposit.

The observational method may be utilized to study the performance of a test
embankment constructed using total tailings. Measurements of the insitu density and
other pertinent parameters can be used to monitor the suitability of the material deposited
in the test embankments.

The prediction of tailings beach profile enables the estimation of the position of the
pond and tailings storage capacity. Many empirical relationships to estimate the slope
have been proposed. The P’ parameter proposed by Kiipper, (1991) was used to predict
the slope of the emergency beach profile. It was found that predicted beach slope was
about three times greater than the measured slope.
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