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Abstract

It is proposed to install a hydraulic hoisting system in Brazils’s Mina Grande gold mine to
increase production. The hoisting system will convey crushed rock over a vertical distance
of 2 222 m and a horizontal distance of 3 898 m. The economic feasibility of the system is
dependant on the life of the pipelines conveying the abrasive crushed rock.

This paper describes an investigation to determine wear parameters and identify suitable
pipeline lining materials for the Mina Grande hydrohoist system. A novel method has been
developed to take into account the effect of particle degradation in closed loop pipeline wear
tests. The wear distribution in horizontal pipes has been measured and a pipe rotation
schedule proposed to maximise the life of the pipelines. Polyurethane has been identified as
the most suitable lining material for the pipelines.

1. INTRODUCTION

Production at Brazil's Mina Grande gold mine was limited by an outdated and inefficient
ore transportation system. Ore was transported in one tonne cars that were cage hoisted
via six sub-vertical shafts. The mine has been closed due to the high operating costs
associated with this transportation system. A hydraulic hoisting system has been identified

as the only economically viable option for extending the life of the mine (Reis and Dénes
1994).

The hydraulic hoisting system will convey -8 mm crushed ore to surface over a vertical
distance of 2 222 m and a horizontal distance of 3 898 m. Seventy five tonnes of ore per
hour at a volumetric solids concentration of 20% will be transported using two
three-chamber pipe feeder systems. A total of seven million tonnes of crushed rock is to be
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hoisted out of the mine. The layout of the proposed system is illustrated in Figure 1. The
economic feasibility of the hydraulic hoisting system is largely dependant on the life of the
pipelines conveying the abrasive crushed rock.

This paper describes an experimental investigation conducted to determine pipeline wear
parameters and identify suitable pipeline materials for the Mina Grande hydrohoist system.

2. PIPELINE WEAR
2.1  Nature of Pipeline Wear

Pipeline wear is an important consideration in the design of slurry pipeline systems. Wear due
to abrasion and corrosion must be evaluated.

Abrasion (erosion) of a surface results from the dynamic action of moving particles on the
pipe wall. Depending on the flow conditions, abrasion can be a combination of the following
two types:

L] Deformation (impact) wear caused by the normal impact of solid particles. Some of
these have sufficient kinetic energy to cause local stresses higher than the yield
strength of the pipe material. An accumulation of the stresses and the resultant strain
lead to surface break-down of the pipe.

® - Cutting (sliding) wear is caused by the oblique impact of solid particles, some of
which have sufficient energy to shear the surface of the pipe and gouge a fragment
loose.

Corrosion is caused by the conveying fluid and is an electrochemical process. Postlethwaite
et al (1972) report that the presence of solids in commercial concentrations can greatly
increase the rate of corrosion in pipelines. They suggest two mechanisms by which solids
increase the corrosion rate:

(i) When water only is transported, the rate of oxygen reduction is partially controlled
by the presence of a rust film. The presence of solid particles increases the corrosion
rate by removing the surface film of corrosion products and also increasing the mass
transfer of dissolved oxygen to the subsequently film free surface.

(i)  The application of mechanical forces strong enough to produce yielding can have an
considerable effect on the anodic dissolution of metals. The mechanical abrasion of
metals by solids is caused by deformation and cutting wear, both of which involve
plastic deformation. It is likely that the same mechanical forces are responsible for
some enhancement of the anodic reaction rate.
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Postlethwaite ef al found that corrosion in slurry pipelines generally increases with increasing
solids concentration, flow velocity and particle size.

Pipeline wear in straight pipes is governed by the following factors:

(i Solids properties - particle size distribution, hardness, density, shape and
composition.

(i)  Conveying fluid properties - density, viscosity and chemical composition.
(iii)  Slurry properties - solids concentration and chemical composition.

(iv)  Flow conditions - laminar or turbulent, homogenous or heterogenous, and flow
velocity.

(v)  Pipe wall material properties.
2.2 Basic Wear Relationships
2.2.1 Conveying velocity

Studies have found that pipeline wear rate is proportional to the conveying velocity to the
power n, i.e.:

m

W=kV", (1)

where W= pipeline wear rate (normally expressed as um per 1 000 tonnes)

k= empirical constant for a particular pipe diameter and material

n=  empirical coefficient.
Researchers have reported values for n ranging from 1 to 3,5. Faddick (1975) notes that,
based on kinetic energy considerations, it is reasonable to assume that n has a value close
to 2.
2.2.2 Pipe diameter

Faddick (1975) has shown that pipeline wear rate is inversely proportional to the cross-
sectional area of the pipe:

& = [&1‘“ 2
wl D2 4 ( )
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where D= internal pipe diameter (m)
1 denotes the test pipe
2 denotes the prototype pipe
m= 2 (scaling exponent).

This equation is based on the following assumptions that the concentration and velocity is the
same in both pipes, the loss of wall thickness is the same in both pipes and the dissolved
oxygen level in both pipes is similar.

2.3 Measures to Control Pipeline Wear
In order to maximise the life of a slurry pipeline, the following aspects must be considered:

° Pipeline material selection - The selection of the pipeline material is the most
important factor in determining the pipeline's wear resistance. Generally high pressure
pipelines are constructed from unlined steel pipes or lined steel pipes. Plastic pipe
linings are favoured as they are resistant to abrasion and corrosion.

L] System design - The abrasion rate of a pipeline is related approximately to the square
of the conveying velocity. It is important that the system is designed to ensure that
the conveying velocities are as low as practically feasible. g

° Corrosion control - In the case of unlined steel pipelines it may be necessary to use
inhibitors to reduce the corrosion rate.

2.4  Pipe Lining Materials
The most commoniy used wear resistant pipe lining materials are:

(i) High Density Polyethylene (HDPE)
HDPE has proven to be an effective wear resistant material for fine slurries. Shook
et al (1981) found HDPE was better than steel for fine sand (150 um) but inferior for
coarse sand (500 pm).

(ii) "Wear-Resist"
"Wear-Resist" is an epoxy-ceramic composite material consisting of ceramic beads
in an epoxy matrix.

(i)  Rubber
Rubber lined steel pipes have been used successfully by the mining industry for many
years. The main disadvantage of rubber lining is the rough surface which increases the
system friction losses and consequently the operating cost of the pipeline.
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(iv)  Polyurethane
McKibben and Shook (1991) report that polyurethane which is highly abrasion
resistant is one of the most widely used plastic lining materials. Polyurethane is four
to ten times better than mild steel when transporting a wide range of material types.
Most recent studies agree that polyurethane is more wear resistant than rubber which
was previously preferred.

3 EXPERIMENTAL METHODOLOGY

The objectives of the investigation were:

° Determine pipeline wear rates for horizontal and vertical pipes conveying the crushed
Mina Grande ore.

L Evaluate the wear resistance of various pipe materials.

L Identify suitable pipe materials for the horizontal and vertical sections of the Mina
Grande hydrohoist system.

° Determine the wear distribution for horizontal pipes and specify the pipe rotation

schedule to maximise pipeline life.

To achieve these objectives, the investigation was divided into several components. The
components are described below and the relationships between these components is
illustrated in Figure 2.

() 50 mm pipeline wear tests

Five 8 hour pipeline wear tests were performed at the design velocity (3 m/s) and
solids concentration (20% by volume) in 50 mm nominal bore pipes. The materials
evaluated in these tests were ASTM A106 grade B mild steel, high density
polyethylene (HDPE), Wear Resist (a ceramic bead and resin compound) and various
types of polyurethane linings. Unplasticized polyvinyl chloride (uPVC) was also
tested as a reference for the full scale pipeline wear tests.

(ii) Full scale (125 mm) pipeline wear tests
Five 4 hour pipeline wear tests were performed at the design velocity and solids
concentration in a 125 mm nominal bore pipe. Only uPVC wear spool pieces were

installed in the pipe loop as the amount of wear for the other pipe lining materials was
not expected to be measurable over the test period.
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(iii)  Full scale (125 mm) wear distribution

In horizontal pipelines transporting heterogeneous slurries such as the Mina Grande
ore, most of the wear occurs in the lower portion of the pipeline. To determine the
wear distribution in the pipeline, the change of pipe wall thickness at various points
around the pipe circumference was measured using an ultrasonic thickness meter.

(iv)  Particle degradation
A major problem with conducting pipeline wear tests in a recirculating pipe loop is
the change in slurry abrasivity with time due to particle degradation. To account for
particle degradation, tests were performed to determine the change in slurry
abrasivity with test duration for the 50 mm and 125 mm test loops.

(v) Pipeline wear rates for fresh crushed ore
The 50 mm and 125 mm pipeline wear test results are corrected using the results
from the particle degradation tests to determine the pipeline wear rates for the fresh
crushed ore.

(vi)  Secaling laws for different pipe diameters
The corrected 50 mm and 125 mm uPVC pipeline wear rates are used to establish
scaling laws. The scaling laws are used to calculate pipeline wear rates for different
pipe diameters.

(vii))  Wear distribution

The measured 125 mm pipeline wear distribution results are used to determined the
pipe rotation schedule.

(viii)  Suitable pipe lining material
Using the calculated pipeline wear rates and measured horizontal wear distribution,

suitable materials are identified for the horizontal and vertical sections of the Mina
Grande hydrohoist system.
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4. EXPERIMENTAL APPARATUS AND PROCEDURE
4.1  Pipeline Wear Test Facility

Figure 3 shows the layout of the University of Cape Town pipeline wear test facility. The
facility has the following components:

(i)  Slurry hopper

The hopper is circular with a conical base. The slurry in the hopper is mixed using a
mechanical agitator to ensure a consistent slurry mixture,

(i)  Sampling tank
The total flow from the pipe loop may be diverted to a sample tank to determine the

slurry relative density and to verify the flow rate. The sampling tank is suspended
from a mass scale.

(iif)  Centrifugal pump

The slurry is pumped through the test loop using a centrifugal slurry pump driven by
a variable speed hydraulic motor.

Magnetic Flow Meter

———— Heat
Exchanger
Wear /
Spool Piece
Mechanical
Agitator

Sampling Tank —~—— Centrifugal

Slurry Pump

Figure 3: Pipeline Wear Test Facility
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(iv)  Heat exchanger

An inline heat exchanger is used to remove heat from the system in order to maintain
a constant slurry temperature during the test.

(v)  Magnetic flow meter
A magnetic flow meter is used to monitor the slurry flow rate in the pipe loop.
(vi)  Wear Spool Pieces
Pipeline wear spool pieces consisting of approximately 500 mm lengths of pipe are

installed in the pipe loop. To ensure that uniform flow conditions are achieved in the
spool pieces entry and exit lengths are provided as shown in Figure 4.

Lead out Wear spool

— T T T

-=—— Flow direction /
Lead in

Figure 4: Wear Spool Pieces

4.2  Pipeline Wear Test Procedure

The experimental procedure for the pipeline wear test is as follows:

(i) Previous experience has shown that HDPE, uPVC, Wear Resist and polyurethane
materials absorb water with time. To ensure that the mass of the samples has
stabilised, the spool pieces are kept in a water bath for 10 days prior to the start of

the wear tests.

(i)  The wear spool pieces are dried to remove any surface moisture using absorbent cloth
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