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Current S Fixation and Emission Levels

More recently the lower concentrate throughput, some refurbishment of acid plant
and gas treatment facilities at the smelter have resulted in

= SO, fixation as acid of 50-60%

» Excellent dedusting of the gases, with the result that the measured imission
levels ((Arsenic and SO, excepted) are well below the limiting values allowed by
the Serbian regulations: The following table and the two attached curves in
Figure 2.1 indicate the improvements achieved in the control of pollutants.

Table 2.2 - Imission Values at the Various Monitoring Stations in the Environs of Bor

Merno mesto Br. Pb Cd Mn Ni Cu As Hg
uzor. | (pg/m’) | (ug/m’) | (ug/m’)| (ng/m’) | (pg/m’) | (ng/m®) | (ng/m’)

PARK 8 0,02 0,002 %) 0,02 0,08 32,2 0,0
INSTITUT 7 0,0 0,001 %] %] 0,1 3,5 0,0
JUGOPETROL 7 0,02 0,003 ] 0] 0,1 20,5 0,0
BOLNICA 6 0,02 0,001 %] %] 0,1 15,5 0,0
O(TRELJ 1 %) %) %] %] %) 9.3 %)
KRIVELJ 1 0,0 0,001 %) %) %] 8.0 0,0
NGC 1 0,1 0,002 %] %] %) 243 0,0
BREZONIK 2 0,1 0,002 0] 0] 0,05 27,2 0,0
JEZERO 1 0,0 0,001 0,0 %) %] 2,6 0,0
SLATINA 1 0,1 0,002 1] %] J 20,9 %]
GVI 1.0 0.01 1.0 2.5 - 2.5 1.0
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Figure 2.1 - Emission of SO; in tons/d and % SO, Fixation as Acid in Recent

Months
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A review of the monitored values at the various sites indicates that the imission
levels of SO2 do exhibit marked excursion from the allowable 150mg/m? limit, and a

similar behaviour is noticed with arsenic. It is believed that:

= Excursion from the allowable limits of SO, are due to insufficient SO, capture /
fixation ie 60% capture / fixation is not sufficient to meet the regulation

» Imission levels of arsenic are considered due to the use of high S coals in some

of the industrial operation (power plant, etc.,)

The Serbian Regulations relating to Pollution Control are discussed in the next

section. It is however, possible to state that:
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2.3.

» The operation would appear to satisfy the norms / regulations regarding dust and
airborne solid pollutants

= Compliance with SO, (emission / imission) has not been achieved to date.
Review of Serbian Environmental Regulations

The available regulations and laws by the Serbian Government governing the
environmental protection have been collected and are presented as Appendix 2.

In common with other National Regulatory laws and schedules, the Serbian
regulations governing the release of pollutants and limiting values of these pollutant
(emission) are quite extensive.

Briefly the Serbian Legislation Concerning Air Pollution is comprised of

» Regulation on limiting values, methods of measurement and criteria for the
choice of sampling points and data logging to specify the maximum allowed
concentration level of pollutants in the ambient air (imission)

= Regulation manuals on limiting emission values, terms of measurement and data
logging / collecting to define maximum allowed concentration of pollutants at the
emission source (emission).

In the present context viz the smelter operation at Bor, the typical limiting values for
maximum allowable concentrate emission and imission control of immediate interest
are:

=  Maximum allowance Emission Levels:
o Sulphur Dioxide: 1200 mg/Nm?®
o Sulphur Tinoxide: 120 mg/Nm?®
(say from an acid plant)
= Maximum allowed concentrations in dust emitted to the atmosphere (ambient air)
o Arsenic: 1 mg/Nm?®

o Mercury )
o Cadmium ) 0.2 mg/Nm®

» Total dust emission allowable: 50mg / Nm3

The important maximum limiting concentration of the pollutants — Imission levels —
are also specified in some considerable detail. The applicable Serbian Regulations
of immediate interest are:
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Ambient Concentrations Limiting Values

S02: ng/Nm® 150 — 200

As/Hg ng/Nm?® 2.5

Cd ng/Nm?® 10.0

Pb/Zn ng/Nm® 1.0

Of interest is the very low concentration of As, Hg and Cd (Class | pollutant)
allowable in the ambient air (imission maximum) due to the stated carcinogenic
properties of these pollutants.

A discussion of the regulatory limiting values of imission and emission levels are
presented in the Appendix 2.

Excursions from the allowable base line emission values has been quite frequent.
The reasons are / were clearly due to:

» lack of a comprehensive SO2 collection and abatement system with the capacity
to treat the volume of SO2 gases generated

*= non availability / malfunctioning of the ESPs can lead to higher dust loads in the
off gases.

In other words with only 65% abatement capacity (acid make) the imission values
monitored will be critically dependent on metereological conditions; even minor
inversions or departures from the norm, will result in sharp increases in the
monitored gaseous pollutant concentrations.

SNCL believes that with ESPs functioning satisfactorily the dust emissions are
attenuated to below the emission standard for fine particulates.

Recently legislation was successfully introduced in the Serbia / Montenegro
parliament which will synchronise Serbian Regulations for environment protection
with that adopted in Europe; in other words the Republic of Serbia and Montenegro,
although not a member of the EU, has voluntarily adopted and will enforce all the
provision of the EU Directive 96/61/EC for the European Integrated Prevention and
Pollution Control. The immediate impact of this regulatory legislation will be the
requirement to adopt the BREF Available Technology For Pollution Control /
Prevention.

Based on Community Directive 96/61/EC on the integrated prevention and control of
pollution, the European Integrated Prevention Pollution Control Bureau (EIPPCB)
prepared in collaboration with the Member States a reference Document known as
BREFs whose final version was issued in February 2000. Within this context the
Directive states that the operators of industrial processes must take measures to
control pollution by the application of best available techniques that allow them to
improve their activities from the environmental point of view. The term best
available technique (BAT) is:

“‘Best Available Techniques: the most effective and advanced stage in the
development of activities and their methods of operation which indicate the practical
suitability of particular techniques for providing in principle the basis for emission limit




RT BOR SMELTER MODERNISATION

DOCUMENT NO. DOCUMENT TITLE REV PAGE

016591-1010-T-AD-REP-0003 Smelter Modernisation Study Co1 38 OF 78

values designed to prevent and, where that is not practicable, generally to reduce
emissions and the impact on the environment as a whole”. This definition continues

and clarifies to a greater extent the concepts of “techniques”, “available” and “best”,
as follows:

» “Techniques” includes both the technology used and the way in which the
installation is design, built, maintained, operated and decommissioned.

= “Available” techniques are those developed on a scale which allows
implementation in the relevant industrial sector, under economically and
technically viable conditions, taking into consideration the costs and advantages,
whether or not the techniques are used or produced inside the Member Sate in
question, as long as they are reasonably accessible to the operator.

= “Best” means most effective in achieving a high general level of protection of the
environment as a whole.

In future, legal regulations and dispositions must be based on the BAT concept,
without prejudice to their complying with the standards of environmental quality
applicable to each case. For the specific case of the production of copper and its
alloys, the EIPPCB establishes which available technologies can be considered as
BAT, both for the specific processes for copper and for other auxiliary processes
common to other activities, such as the handling and storage of solids or water
treatment. The methodology applied for the definition of BAT can be summarised in
the following points:

= They must be associated with sufficiently proven and safe industrial processes
» They must be adequate for the raw material to be processed
» They must give sufficient capacity to be economically interesting

» They must be compatible with the most modern and efficient techniques for
collection and abatement

» They must be adequate from the safety point of view.
On this basis, the EIPPCB recommends a series of BAT.
Handling and Storage of Materials

In the BREFs, the EIPPCB establishes the BAT criteria for the handling and storage
of raw materials and other products linked to the production of copper from
concentrates. In general they are all applicable, but those most directly affecting
installations and processes such as those of Bor are the following:

» Materials in powder form will be stored in silos, or kept in totally covered storage
in which case no additional measures for collection are required.

= Where required, transport systems such as conveyor belts, pneumatic transport
systems, etc., must be equipped with galleries and with collection systems and
robust and well design filters at transfer points.

= Systems must be installed for cleaning vehicles or their wheels and periodic
cleaning campaigns organised using sweepers, according to the characteristics
of each case.
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» The sampling and analysis systems must have the same high standards of
environmental quality as the storage described above.

Concentrates Smelting

Within the processes considered as BAT. The following technologies are allowed:
» Qutokumpu Flash Smelting / Peirce-Smith Converter

» Partial Roasting / Electric Furnace / Peirce-Smith Converter

= Mitshubishi Continuous process

=  Qutokumpu Kennecott Flash Smelting / Flash Converting process

» |sa Smelt Furnace / Peirce-Smith Converter

= Teniente Reactor / Peirce-Smith Converter

» Noranda Reactor / Peirce-Smith Converter

= Contop / Peirce-Smith Converter

* Inco Flash / Peirce-Smith Converter

Matte Conversion

All those listed in the previous section are technologies to be considered as BAT
alternatives. However, in processes with lots or batches such as the Peirce-Smith
they must in all cases have efficient primary and secondary hoods. The operation of
the systems for collection (hoods) and abatement must be controlled by an
“‘intelligent system” adapting the system at all times to the converter cycle, avoiding
the inefficient use of energy by the continuous operation of these systems.

Other Processes or Stages of the Process Considered as BAT

Aside from those mentioned above, the following technologies are considered as

BAT:
= Drying of concentrates and fluxes in rotary dryers, flash, fluid beds and steam
dryers

» Treatment of slags in electric furnaces or by flotation

= Thermal refining of the blister copper in rotary furnaces and anode casting

= Electrolytic refining of the copper by an optimised conventional process or by
permanent cathode.

Collection and Abatement of Gases and Particulate Material

The options for abatement that may be associated with some of the stages,
according to the EIPPCB are shown in Table 2.3.1.
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Table 2.3.1 - Summary of BAT operations for gas cleaning

Process BAT Options

Materials storage = Covered storage and correct transfers

= Collection and bag filters

Smelting = Offgas cooling and scrubbing, fixing SO2 as sulphuric acid or
liquid SO2

= If required, elimination of Hg during scrubbing stage

Conversion = Offgas cooling and scrubbing, fixing of SO2 as sulphuric acid
or liquid SO2

Fire refining = Offgas cooling and treatment in bag filters post-combustion if
required

= (as scrubbers if necessary

Anode casting and | = Gas scrubbers and demisters

granulation of slags

Treatment of slags = Offgas cooling and treatment in bag filters, post combustion if
required

The collection of secondary emissions and dust and SO2 abatement has a high cost
and requires a large energy contribution. However, it is necessary in the case of
discontinuous processes, such as converters or for gases collected during tapping in
launders, etc. The automatic control of this equipment is important so that the use
of reagents and energy consumption are optimised.

The IPPC as a Benchmark for the Design of the Plan for Environmental
Improvements has/will become mandatory for any operation.

The documents drawn up by the European Union as the basis for the IPPC Directive,
and the installations of Bor allows to identify those principle or auxiliary parts of the
process in which discrepancies arise with the BAT concepts. Using this
methodology, potential points for improvement identified so that all these together
form the basis for the Plan for Environmental Improvements of Bor Copper in the
future modernisation programme purpose.

The above is a brief summary of the very important BREF issued by EU. Sections
of the EU publication are attached as Appendix 3.

= Executive Summary

= BAT Aspects

= Emission and Pollution Control

The impact of the adoption of the Directive can be readily seen: use of only such
facilities process / technology and other prescriptive measure will become

mandatory. It will be noted that the national emission and imission Regulations are
not altered when the EU Directives become effective.
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24.

Principal Zone of Environmental Impact

SNCL has considered the above in the light of the requirements of the specialist
environmental assessment Group (ERM/FIDECO). A briefing document with the
available detailed supporting data was submitted on Friday 13 January 2006.

The Zone of impact of importance ((in terms of environmental and health impact) had
been and will continue to be the environs of the Smelter and Refinery complex,
where a sizeable township, BOR had developed.

The extent of impact: Environmental Impact will be highest within the area of the
Municipality of Bor and the adjacent village essentially due to the presence of
sizeable population in the area.

Detailed accounts and some assessments of the environmental impact due to
Smelter emissions had been addressed in several documented studies. SNCL had
access to these documents, and of particular relevance from a smelter perspective
are the following studies:

d) Local Environmental Action Plan ((LEAP)) — Municipality of Bor;
e) Local Environmental Action Plan (Bor District); and

f)  Assessment of available data in the section relating to Environmental Issues and
Management: part Technical Due Diligence by Deloitte/IMC/CAIB/Harrisons.

In SNCL’s view the above documents present the historical data in a rational and
non-emotive manner. There have been other studies that predict environmental
catastrophe, etc., but for the present purpose SNCL will attribute only secondary
importance to these.

The above commentary and reports serve as a baseline environmental position
relating to the zones impacted prior to the smelter refurbishment and the operation of
more effective control strategies.

As an example may be cited the sharp reduction in SO, emissions ((overall sulphur
capture presently at 60% compared to 0-15% in the past)) as well as dust discharges
following refurbishments of the following:

a) The No. 2 acid plant (for SO, fixation); and

b) Electrostatic precipitators (dust collection from gas streams) prior to further
treatment.

The impact of the above measures is beginning to become noticeable ((at the
various monitoring stations)).

Meteorological data relating to wind rose prevailing winds and temperature
(inversions) are readily available. While the importance of wind rose as a control of
emission levels cannot be neglected, nevertheless the stepwise reduction in
emissions by the Smelter Operators will be considered to be of greater importance.

SNCL had only limited opportunity to visit the environs of Bor, and found that, but for
the discharge of untreated wastes ((untreated sewer water, industrial water and
smelter blow-downs)), there would appear to be little evidence of any large-scale
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degradation. The aqueous effluents still mainly comprise relatively strong acidic
liquors with dissolved heavy metals; such as liquors can be readily treated as the
plant sections for such mediation exist, and this will drastically reduce the pollution
potential of the smelter.

It is opined (by SNCL) that the present smelter operations / operators have taken
due notice of the overpowering need to reduce environmental pollution of the
ambient air (SO, and dust) and water resources. A more detailed quantitative
impact assessment that is currently being undertaken should prove this.

In line with terms of reference the following data were identified and this information
was transmitted to ERM/FIDECO on Friday 13" January 2006.

a) LEAP Municipality of Bor — UNEP / Arendal September 2003

b) LEAP Bor distinct DHNB/FIDELCO 2005

c) Privatisation through Restructuring of RTB Bor Group Technical Due Diligence —
Environmental Issues and Management — IMC/Deloitte

d) Copper Institute Data on environmental monitoring
e) Smelter Data (Relevant Sections) discharges
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3.1.

PRIORITISED IMPROVEMENTS

This section includes a brief discussion of selection of technology for modernisation
followed by the existing plant description and detailed technical discussion of the
modernisation improvements discussed under the following headings:

= Technology options

= Brief existing plant description;

= |nitial converter gas handling component of modernisation
= Electric Furnace Component of Modernisation

Technology Options

During the December site visit, following initial assessment of the key current
technological and environmental issues at the Smelter, a preliminary evaluation and
screening of smelter modernisation options was undertaken and presented /
reviewed with key Bor TIR staff.

The initial component of modernisation improvements relates to reducing dilution and
venting of converter gases and subsequent fixation in No.2 Acid Plant. This aspect
of modernisation does not require new technology, but largely relates to improved
sealing, gas handling and a small increase in No. 2 acid plant capacity as discussed
in Section 3.3.

The main component of modernisation option focussed on alternative means to
address the untreated discharge to atmosphere of reverb furnace offgases.

In the review at site referred to above the following possible options to address / fix
reverb gas emissions were discussed, but eliminated for the reasons indicated:

= Alkali Scrubbing — high CAPEX and OPEX, residue handling / disposal
* Amine absorption (CANSOLV) — high CAPEX.

» Modification to oxy-fuel (vertical burner), reverb operation with elimination of
Roaster and Reverb Gas fixation in Acid Plant. This is proven (limited number of
plants) but involves high CAPEX (needs oxygen plant) and use of (expensive)
fuel oil firing rather than coal.

= An RTB Bor proposed option to utilise reverb offgas as roaster blowing air was
considered technically risky and had significant layout/mismatched volumes and
draft control problems.

= Alternative Acid Plant technologies to treat and fix low SO,-tenor reverb gas
include the Reversing Catalysis (Matrosov) and also Haldor Tépsoe (low-bite
catalyst) plants but these involve high CAPEX solutions.

It was concluded no simple or economic option exists to treat the reverb offgas and
thus primary smelting technology change is proposed.

As a result a range of “new” smelting technologies briefly summarised below was
then considered and screened in relation to applicability to the Bor smelter situation.
In particular, the specific situation with regard to availability and grade of (local)




RT BOR SMELTER MODERNISATION

DOCUMENT NO. DOCUMENT TITLE REV PAGE

016591-1010-T-AD-REP-0003 Smelter Modernisation Study Co1 44 OF 78

3.2

concentrate feed as well as the need to try and retain / re-use as much of the
existing smelter plant and facilities was considered in the technology review. The
smelting technologies included:

» Qutokumpu Flash Smelting;

» Bath Reactor Smelting (Noranda or CODELCO Teniente Dry concentrate
injection);

= |SA /Ausmelt (Top submerged lance technologies);
» Roast/ Electric Furnace Smelting and
= Vanukov Technology.

Although a limited number of plants have introduced Mitsubishi smelting process and
combined flash smelting / flash converting as well as INCO flash smelting — none of
these technologies was deemed suitable for the situation existing at Bor.

Whilst it was clear that Outokumpu Flash smelting represents the leading modern
copper smelting technology, production of higher matte grade (necessitating a slag
cleaning step) and very much higher gas strengths (rendering re-use of existing acid
plants difficult) led to elimination of this option — except for a completely new smelter
option (which is briefly discussed in Section 4.3). A small (low capacity) Outokumpu
Flash is not deemed commercially viable.

In view of the existing roast / reverb based smelting technology and the nature of
local concentrates it was concluded that a modernisation plan could be considered
which would involve a minimum change to metallurgical conditions, but which would
facilitate elimination of the emission of the weak reverb furnace gases as well as
permitting re-use of existing (but rehabilitated) acid plant capacity at Bor.

The selected modernisation option is partial roasting followed by smelting of the
calcine in a single electric smelting furnace. Gases from this electric furnace would
be suitable for cooling, dedusting and then mixing with the roaster and converter
gases for distribution and treatment in No.2 and a rehabilitated No.3 acid plants. No
matte grade change or significant metallurgical change is required and the route is
thus considered both simple and uses environmentally acceptable BAT.

This selected option is described and discussed in the following sub-section of this
report.

Brief Existing Plant Description

The existing smelter comprises two fluid bed roasters that produce a calcine that is
fed to two reverberatory furnaces. Only one roaster and one reverb are currently
operational. It is understood that the annual smelter production for 2005 will be about
50 000t cathode copper.

The roaster eliminates about 50% of the sulphur in new concentrate feed to the
smelter to produce a strong gas that is subsequently treated in a sulphuric acid plant.
It is estimated that the annual sulphuric acid production for 2005 will be about
100000t monohydrate.
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3.3.

The reverberatory furnace smelts the calcine to produce a slag containing about
0.7%Cu that is discarded and a relatively low-grade matte containing 40—-44%Cu that
is treated in Peirce-Smith converters. Smelter copper recovery to anode for October
2005 is calculated to be about 92-93%, which although on the low side is what might
be expected in a smelter that has seen little investment over the last 15 years.

The majority of the sulphur in calcine charged to the reverb is contained in the reverb
matte. However, a relatively small quantity (expressed as a percentage of sulphur in
new concentrate) is fixed in the slag (about 1.5%) and the remainder (about 10%) is
vented to atmosphere in the reverb off gas. The slag assays typically 0.6 %S and the
off gas about 1%SO0..

The reverb matte is treated in the Peirce-Smith converters to produce a blister
copper for subsequent fire refining in anode furnaces. There are four Peirce-Smith
converters but only one is in stack blowing at any one time. Currently there are
typically 1.65 converter cycles completed each day, thus only one hot converter is
employed. Similarly, only one anode furnace and casting wheel is required for fire
refining and the casting of anodes for the electrolytic refinery.

The Peirce-Smith converter produces a strong gas during both slag and copper blow
stages that is suitable for treatment in sulphuric acid plants. However, extensive air
ingress to the converter gas handling system at Bor results in a high volume, low
SO, tenor and relatively low temperature gas to be treated at the acid plant. This has
a number of disadvantages:

= The increased volume means that the combined roaster and converter gas is in
excess of acid plant capacity. This results in some converter gas being vented to
atmosphere particularly during the copper blow that employs a higher blowing
rate; and

= The decreased temperature can lead to corrosion of downstream equipment if
the gas temperature falls below the acid dew point. The dry electrostatic
precipitators are particularly susceptible to corrosion that often goes undetected
because holes formed in the steel casing are hidden behind the insulation and
cladding.

There are three single contact sulphuric acid plants of which only one plant is
operational at this time. The No.1 and No.2 acid plants are of the same design,
however, No.1 plant is considered to be beyond repair whereas No.2 plant is
operational and treats the roaster and Peirce-Smith converter gas. The No.3 plant is
currently inoperable. Design details for each of the acid plants can be found in
Appendix 3.

Initial Converter Gas Handling Component of Modernisation

Peirce-Smith converters employ traditional technology but nevertheless are
considered to be acceptable for both the short and medium term operation of the
smelter. This technology is recognised as a Best Available Technique (BAT) as
referred to in Section 2.2 and is thus an acceptable technology to satisfy
environmental criteria in future operations. Thus the objective of this initial
prioritised component of modernisation is to enable greater sulphur capture at
current low throughput levels in refurbished acid plants by renovating the converter
gas handling system to reduce the air ingress and some modification to No. 2 Acid
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Plant. This investment will not be wasted with the new electric smelting technology to
be installed.

The smelter sulphur balance shows that the sulphur contained in the Peirce-Smith
converter process gas represents 30-35% of the total sulphur in new concentrate.
The process gas at the converter mouth i.e. before dilution with air contains typically
16-20%S0, depending on the stage of the blow and the oxygen efficiency of the
process.

In contrast the gas emanating from the reverberatory furnace operation, although
comparable in volume to that of the converter, contains very little sulphur and is
generally less than 1%. This accounts for up to 10% of the smelter sulphur emission
from new concentrate feed. Such low strength gas is difficult to fix as acid, but there
are some technologies available as previously summarised in Section 3.1. This
listing included technology such as Cansolv that is a regenerative, high efficiency
process for selective absorption of SO, from such weak gas streams. Cansolv
utilises an aqueous solution of proprietary amine as the absorbent. Pure, water-
saturated SO, gas is recovered by steam stripping. It is generally applied, however,
to small gas volumes and costs are high.

Wet scrubbing using alkaline media is an alternative, but the cleaned gases would be
cooled close to ambient temperature and would be saturated with water vapour. This
would make them too heavy to rise naturally and the plume would tend to fall back to
ground very quickly without adequate dispersion. In addition, solids would be
collected as slurry and soluble components taken in to solution thus presenting
further problems in the handling and disposal of the recycle streams. Overall alkali
scrubbing has high CAPEX, high OPEX and problems of residue disposal.

The cost of employing either of the alternatives above for the treatment / sulphur
fixation of reverb off gas would be prohibitive because of the large volumes involved.
Primary smelting furnace sulphur fixation is thus not advocated, but a change in
primary smelting technology, as discussed later, is proposed.

The roaster gas is currently treated in the No.2 acid plant together with some of the
Peirce-Smith converter off gas. Plant management have advised that all slag blow
process gas and about 80% of copper blow process gas is treated and the balance
vented. However, these volumes are not measured and the sulphur balance
developed, does show an unaccounted imbalance of about 10% of the total sulphur
in new concentrate. Part of this discrepancy will be due to sampling and assaying
errors and dust and handling losses but, it is suspected, part will be due to venting
more converter off gas than has been suggested.

Gas volumes and gas strengths in the converter gas handling system indicate
substantial air dilution is occurring at present. It is therefore proposed as a priority
initial component of modernisation relating to converter gas handling, to replace the
ducting downstream of the cooling chambers on the two extended converter vessels
and to refurbish the existing dry electrostatic precipitator. The new ducting will be
insulated to reduce heat losses and clad to protect from rain and winter snow. The
target temperature at the inlet to the dry electrostatic precipitator will be in the range
350-400°C which will enhance collection efficiency compared to lower temperatures
currently occurring.
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Some increase in dust recovery and recycle will be expected from these
modifications and resultant lower gas volumes, improvement, and will be seen in a
related increase in overall smelter copper recovery.

Using the SNC-Lavalin “Gas” program, a suite of calculations were made to establish
what the gas flows and gas compositions would result at the sulphuric acid plant for
a range of air dilutions and heat losses when treating various combinations of roaster
and Peirce-Smith converter process gases. The results of these calculations are
given in Table 3.3.1 below.

Table 3.3.1 - No.2 Sulphuric Acid Plant Inlet Gas Volume and SO, Tenors

Gas Source Wet Volume SO, Tenor Dry Volume SO, Tenor
Nm*h Vol% (Wet) Nm*h Vol% (Dry)

Roaster 30 000 10.0 21081 14.2

Roaster + 1 slag blow 108 750 7.5 97 862 8.3

Roaster + 1 Cu blow 125 000 8.0 113 706 8.8

1 slag blow 78 750 6.6 76 781 6.7

1 Cu blow 95 000 7.4 92 625 7.6

The converter process gas volumes and compositions were calculated using the
same blowing rates for slag and copper blow stages as currently utilised. An overall
150% air dilution (as a proportion of the converter mouth off gas) in the refurbished
converter gas handling train has been assumed. Oxygen efficiencies of 80% and
90% were respectively used for the slag and copper blows.

As converting is a batch process, it is necessary to assess typical operating
statistics.

Converter operating data provided indicates that there are currently an average of
about 1.65 converter cycles per day. This implies the following probabilities:

0 converter in stack 65.4%
1 converter in stack 34.6%

Thus for about one-third of the operating day there will be one converter in stack on
either a slag blow or a copper blow and for the remaining time the converter will be
out of stack (not blowing).

The production of sulphuric acid will be about 500 - 550tpd for current throughputs
with this initial modernisation of converter gas handling based upon the following
smelter operation:

Roaster only operating 65.4%
Roaster plus slag blow converter 20.5%
Roaster plus copper blow converter 14.1%

Currently the total gas flow to the No.2 acid plant is calculated to be about 12.5% in
excess of the capacity of the existing acid plant blowers. In addition with the
proposed converter gas handling initial modernisation the SO, tenor increases to 8%
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3.4.

SO, (dry basis), which is substantially more than the original acid plant design basis
(Ref Appendix 3) upper limit for SO, strength.

It is thus also proposed that modifications be carried out to the No.2 acid plant to
enable the full volume of current roaster and converter gas to be treated thereby
removing the venting of converter gas as a source of pollution. The nett result would
be to increase the sulphur fixation from the current 50-60% of sulphur in new
concentrate to 80-85%, representing a substantial initial improvement, noting
however that the full modernisation discussed below must still proceed to move the
plant to compliance.

In order to treat all of the strong roaster and converter gas it is proposed to increase
the speed of the existing main gas blowers to handle the larger flow of gas. (If this
were not feasible it would be necessary to replace them with a new blower.) A new
acid circulation pump would also be required on each of the drying and absorption
towers’ acid circuits together with additional acid cooling capacity. Greater catalyst
loading would also be required in No. 2 Acid Plant together with the incorporation of
an SO; cooler. It is generally considered from the dimensions of the other main
equipment that an increase in volumetric capacity of the order of magnitude
indicated, should be achievable and that it may also be possible to mitigate the
anticipated increase in system pressure drop by removing e.g. the pre-drying towers
from the flow sheet. It is unusual to find such equipment in modern plant design and
it would become superfluous with stronger tenor gas.

It is not proposed that the acid plant be converted (at this time) from single contact to
double contact. The financial penalties would be severe relative to gaining an
increase in conversion efficiency from about 96% to 99.5%+. In the context of large-
scale improvements in sulphur recovery envisaged for the overall modernisation
proposed. This improvement would not be of major significance.

The existing acid storage facilities of 28 000t are considered to be more than
adequate for the proposed acid make of 500-550tpd.

Improved Operations Utilising Existing Technology is described in some detail in the
“‘Economic, Environmental & Public Health Assessment” previously carried out for
The Bor Municipality, Yugoslavia in December 2000. This recognised the need to
carry out modernisation / improvement to existing equipment to reduce
environmental emissions / impact of smelter operations, of particular note is the
modernisation of the converter gas handling system. Section 4.0 of this report
extracts of which are included as Appendix 4 and this extract should be read in
conjunction with this section on initial converter gas handling modernisation.

Electric Furnace Component of Base Case Modernisation

The Electric Furnace Component of Base Case Modernisation refers to the work
required relating to a change to Electric Smelting Technology. The capacity, as
discussed earlier, is taken to be 125 000tpa new copper in cathode. At the current
(October 2005) mixed concentrate grade of 20.5%Cu, this would be equivalent to
1950tpd new concentrate assuming 95% smelter copper recovery and 330 operating
days per year. Allowing for fluxes in the charge, total roaster feed would be about
2250tpd. This assumed concentrate grade would result in a large tonnage of
concentrate treated per tonne of copper produced and the copper: sulphur ratio of
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about 1:1.5 would result in a high acid make (1 400 — 1 500tpd). A block flow
diagram showing the key process streams for the overall modernisation plan can be
found in Appendix 6.

It is considered appropriate to comment briefly on acid market in view of acid
production increase with modernisation.

Most of the Bor acid is dependent on sales to phosphoric acid producers and
associated super-phosphate fertilizer plants. Other options for acid sales are very
limited both at local level and internationally. There is only one purchaser, at
Prahova, although the management at Bor are trying to put pressure on the restart of
another plant that is currently shutdown due to lack of investment and shortage of
phosphate rock. Future investment in Bor would need to take this limited acid
market into account since it will impact on commercial stability of any future
operation.

The Bor smelter was constructed to take advantage of domestic copper concentrate
supply from the local area. In recent years this supply has decreased so additional
supplies have been obtained from foreign imports for custom / toll smelting under
different commercial terms. The future plans for the importation of copper
concentrates are, however, unknown at this time and as a result the Base Case has
assumed a mixed concentrate grade of 20.5%Cu in all deliberations.

If international concentrates with predominantly chalcopyrite / bornite content was to
be preferentially treated in the future, the copper: sulphur ratio would increase to
about 1:1 with the concentrate grade assaying typically 30%Cu. For a production of
125 000tpa copper, the tonnage of concentrate treated would thus be significantly
less, about 1350tpd. Equipment sizing and cost would then potentially be
correspondingly lower for the Base Case. The amount of sulphur treated would be
reduced and thus the production of acid would be relatively lower — which may be of
significance in a limited acid market.

If higher-grade concentrates were treated then for the same investment in the plant
proposed in the Base Case the theoretical capacity of the primary EF smelter could
reach or even exceed 200 000tpa copper. This would present, however, a
bottleneck for the matte converting stage of treatment necessitating the blowing of
the third converter and an expansion of the converter gas cleaning (ESP) and gas
handling facilities (ID Fan). It would also require further investment in fire refining and
anode casting equipment. However, there would be less desulphurisation required
in the roaster and the furnace matte tapped would be of higher grade thus reducing
converter slag blow times and shortening overall converter cycle times. The quantity
of furnace discard slag would be proportionally less (per tonne of copper produced).

It can thus be seen that both the quantity and grade of actual concentrates treated in
future have major impact on investment and resultant plant economic performance.

These are questions, therefore, that would need to be considered by prospective
investors when carrying out due diligence on the RTB Bor smelter facilities. A brief
discussion of a reduced capacity plant is provided in Section 3.6.

Without any change in primary smelting technology any further increase in sulphur
fixation would be impossible to achieve without significant additional investment in
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reverberatory furnace gas cleaning. Investing in, for example, Cansolv technology or
wet gas scrubbing would be extremely costly because of the large volume of gas to
be treated. Whatever gas cleaning method employed, the additional operating costs
would make the smelter operation even more unprofitable unless implemented
together with an increase from current levels of copper production.

It is thus proposed in this Base Case that the increase in smelter throughput will be
to 125 000tpa new copper in concentrate. This approximately equates to the
maximum throughput achieved at the Bor smelter during the years 1996/1997 when
utilising both fluid bed roasters and both reverberatory furnaces and is deemed to be
a commercially viable level of production.

The cost of bringing on stream the second roaster and reverb would be prohibitive
because of the condition of each of these units, as described in Section 2.1 Of
greater significance, the operation of the second reverb would double furnace
emissions and would significantly increase the investment requirements for reverb off
gas sulphur fixation such that this scenario is not viable .

As discussed earlier therefore, it is proposed in this Base Case that reverberatory
furnace smelting be replaced by electric furnace smelting, and it is further proposed
that at this capacity the existing two small roasters be replaced by a single large
roaster capable of treating about 2 250tpd of total feed. The roaster would supply a
calcine product to the electric smelting furnace.

As discussed earlier Electric Furnace smelting is regarded environmentally as a Best
Available Technique (BAT).

The off gas from the electric smelting furnace will be of relatively small volume (20-
25 000Nm®h) compared with that from the reverbs (40-60 000Nm®h). The major
portion of reverb off gas comes from the products of combustion of coal using
oxygen-enriched air to supply the heat for smelting. In an electric furnace operation,
the energy for smelting is generated by the passage of the electrical current through
the molten slag that acts as a resistance and generates heat. The major portion of
the electric furnace off gas comes from air ingress to the furnace via the electrode
seals, inspection doors etc. and can be minimised by good initial furnace design and
subsequent good engineering / maintenance practice during operation.

It is envisaged that the furnace off gas will be cooled by an evaporative cooling
technique (similar to the sonic coolers on the roaster gas handling system) and will
be de-dusted in a dry electrostatic precipitator. The advantage of gas cleaning using
electrostatic precipitators is that they efficiently remove entrained dust that can be
recycled direct to the smelting process without further treatment.

The mass of sulphur released into offgas from the electric furnace will be similar to
that of the existing reverb per tonne of calcine smelted, however, the smaller gas
volume and higher throughput will result in a slightly stronger off gas that can be
mixed with the strong roaster and Peirce-Smith converter off gases for treatment in
sulphuric acid plants.

Using SNC Lavalin’s “Gas” program, a suite of calculations were made to establish
what the gas flows and gas compositions would be at the sulphuric acid plant gas
inlet for a range of air dilutions and heat losses when treating electric furnace
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process gas mixed with roaster and Peirce-Smith converter process gases. The
results of these calculations are given in Table 3.4.1 below.

Table 3.4.1 - Sulphuric Acid Plant Inlet Gas Volume and SO, Tenor

Gas Source Wet Volume SO, Tenor Dry Volume SO, Tenor
Nm’/h Vol% (Wet) Nm*h Vol% (Dry)

Roaster 95 000 7.9 72703 10.3

Roaster + 1 slag 173 750 7.3 149 484 8.5

Roaster + 1 Cu 190 000 7.6 165 328 8.8

Roaster + 1 slag + 1 Cu 268 750 7.3 242 109 8.2

Roaster + 2 slag 252 500 71 226 265 7.8

Roaster + 2 Cu 285 000 7.5 257 953 8.4

1 slag 98 750 5.3 96 781 5.3

1Cu 115 000 6.1 112 625 6.3

1slag+1Cu 193 750 6.3 189 406 6.4

2 slag 177 500 5.9 173 562 5.9

2 copper 210000 6.7 205 250 6.9

The flow of roaster gas was inferred from the Modernisation Case and assumes a
similar proportion of air ingress in off gas upstream of the acid plant. The converter
off gas volumes and compositions were calculated using the same criteria used in
Table 4.2.1 in the Modernisation Case. The SO, tenors quoted in the above table
exclude any contribution from electric furnace off gas; the electric furnace off gas
volume is assumed to be 25 000Nm?/h.

The Base Case requires the operation of two hot converters with a third unit as cold
standby; there will be two anode furnace cycles per day.

Converter operating probabilities were assessed at a preliminary level and indicate
that the following is a likely operating scenario, assuming that the roaster and electric
furnace provide a continuous base load of gas to the acid plants:

Roaster & electric furnace only operating 25.5%
Roaster & electric furnace plus 1 converter in stack 50.0%
Roaster & electric furnace plus 2 converters in stack 24.5%

Thus for half the operating day there will be one converter in stack on either a slag
blow or a copper blow and the remaining time is just about equally split between both
converters being either in stack or out of stack. The in-stack time can also be further
broken down into whether a converter is on a slag blow or a copper blow.

The production of sulphuric acid will be about 1 400 — 1 500 tpd in the Modernisation
Base Case based upon the above smelter operation.

The gas strength is such that it would be suitable for treatment in a modified No.2
acid plant (modifications previously described as part of the initial converter gas
handling work in 3.3.). However, the total mixed gas volume that would be treated is
well in excess of No.2 acid plant capacity. To treat all the gas produced in the Base
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Case it is necessary that the No.3 sulphuric acid plant be refurbished and modified to
treat the balance of the higher volume / higher strength gas.

If all the smelter process off gas is collected and treated for the production of
sulphuric acid, then total sulphur fixation in the overall modernisation will exceed
90%. Additionally, an increase in overall smelter copper recovery would be expected
as the result of increased gas capture and de-dusting in new and / or refurbished dry
electrostatic precipitators. Copper recovery to anode would be expected to be about
95%. The majority of un-recovered copper arises from internal materials handling
losses caused by spillage and by wind-blown losses. Slag losses would be expected
to be similar to current operations, however, the tonnage of discard slag would be
greater.

Fugitive gases arising from matte and slag tapping operations, converter hoods and
anode furnaces that account for the balance of sulphur emissions will not be
collected. Secondary gas collection systems can be engineered and installed e.g.
secondary hoods on converters and ladle and launder gas collection hoods. Such
systems impact more directly on in-plant hygiene and hence working conditions
rather than the environment at large and overall sulphur fixation. Their installation
could be a future consideration but is not a requirement for the Base Case.

Replacing the reverberatory furnaces with electric smelting furnace technology would
render the 100tpd capacity oxygen plant redundant. There would be no requirement
for technical oxygen for smelting. It is recommended that technical oxygen be availed
for use at the new roaster for enriching the fluidising air and that such enrichment be
taken into account in the design of the roaster. This would be in preference to
utilising technical oxygen on the converters. There had previously been a facility to
add oxygen to the converter blast air but this fell into disrepair many years ago.

In summary, the following are the modifications proposed for the Base Case:
Materials Handling

The tippler is capable of offloading about 12 trucks per hour. Assuming 30t
concentrate per truck this is equivalent to 360tph. If concentrates and fluxes come in
by rail only, at 2 250tpd this would be 6 hours offloading time i.e. about 25% of the
available time if offloading is a 24-hour operation. Existing equipment should readily
be able to handle the 125000tpa Base Case and historically has been shown
capable of doing so.

Bedding

There are two charge beds each of capacity of 12 000t equivalent to about 5 days
smelting operations in each bed. This is sufficient capacity for the Base Case.

Roasting

The capacity of the existing roaster is stated to be about 750tpd and thus a new
roaster line would be required of capacity 2 250 — 750 = 1 500tpd to give a combined
feed to the electric furnace of about 2 250tpd. The alternative to this would be to
install a new large roaster capable of treating 2 250tpd new concentrate plus fluxes —
this is the selected option. The roaster line would need to have (major equipment
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only) the associated evaporative cooling tower, dry electrostatic precipitators and
induced draught fans. The single roaster size is large but within the range of proven
units.

Electric Furnace Smelting

The new electric furnace would be of six-in-line rectangular submerged arc design,
fed by hot calcine —and capable of smelting the calcine equivalent of 2 250tpd new
concentrate plus fluxes. It would have the following (major) associated equipment:
evaporative cooling chamber; dry electrostatic precipitator; and induced draught fan.
The gas from the electric furnace although of low tenor would also be of low volume
and would be capable of being treated in a sulphuric acid plant when mixed with the
roaster and / or Peirce — Smith converter offgas. The Electric Furnace is within the
range of proven units.

Peirce-Smith Converting

The Base Case requires the operation of two hot converters with a third unit as cold
standby. The gas handling system of the two larger vessels (it is assumed) would
have been modified / modernised as part of earlier work to increase sulphur capture
in the Modernisation Case. In the Base Case it is proposed that the third converter is
extended and modified in the same way as the gas handling systems of the two
larger converters.

Fire Refining and Anode Casting

The Base Case results in two anode cycles per day and the length of the cycle is
such that the second and third anode furnaces (one to remain on cold standby) and
casting wheel will need to be refurbished and reinstated.

Gas Handling

The Peirce-Smith two-converter operation will require the installation of a new dry
electrostatic precipitator and the new and existing dry electrostatic precipitators will
operate in parallel. The ducting configuration must be changed to accommodate this.
The induced draught fan must be capable of controlling the hood draught for one—
and two—converter operation.

No.2 Sulphuric Acid Plant

No further modifications are proposed to No.2 sulphuric acid plant. It is not proposed
that the acid plant be converted from single contact to double contact. It has a
nominal main gas blower volumetric capacity of 115 000Nm®*h (dry basis) as
modified.

In addition, the wide variation in SO, tenor of the smelter process gases that would
be treated in the acid plants combined with the variations in gas flow due to the batch
converter operation necessitates a gas-mixing chamber to even out the gas strength
(and pressure) to the acid plants.
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3.5.

No.3 Sulphuric Acid Plant

No.3 sulphuric acid plant will need to be refurbished to bring it back into full
operation. It is not proposed that the acid plant be converted from single contact to
double contact.

Modifications will need to be carried out to ensure that it is capable of handling a
higher strength gas than it was originally designed to handle. A new acid circulation
pump would be required on each of the drying and absorption towers’ acid circuits
together with additional acid cooling capacity. Greater catalyst loading would also be
required together with the incorporation of an SO3 cooler. There would be no change
to the existing gas blower volumetric capacity of 150 000Nm®/h.

Modernisation Equipment List

The following table includes the details of the major equipment required for the
modernisation programmes:

Table 3.5.1 — Major Smelter Equipment List

Equipment Description Potential Suppliers

Modernisation Case:

Main Gas Blower Howdens / kkk
SO; Cooler Local manufacture
Base Case:

Roaster 100tph (nominal) Outokumpu

Roaster Sonic Tower Sonic Inc.
Roaster ESP Lodge / Flakt
Roaster ID Fan Howdens / kkk
Electric Smelting Furnace Demag
Furnace Sonic Cooler Sonic Inc
Furnace ESP Lodge / Flakt
Furnace ID Fan Howdens / kkk
Converter ESP Lodge / Flakt

With regard to long delivery items it is considered that only the electric furnace
transformers and any main gas blowers are critical.

Indicative Lead Time for such transformers is of the order of 12 months and blowers
in the region of 9 months. The actual requirements and long delivery critical items
will, however, need to be clearly checked as part of any plans to proceed with such a
project.
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3.6.

Discussion of Impact of Smelter Capacity and Power Cost on Potential
Commercial Viability

The smelter modernisation proposed has been based on assumed nominal capacity
of 125 000 t/y copper production, this being the historical peak production level
achieved at Bor. This has also been specified by the PA as the baseline capacity to
be used for comparative purposes in assessing historical and future gaseous
emission levels. It has also been considered that this level represents a reasonable
capacity to use as a Base Case commercially viable level of operation for
modernisation of the smelter..

Notwithstanding these assumptions it is clear that the commercial viability of the
operation will be impacted by a number of factors, the most important being:

= throughput of concentrates
= grade of concentrates

= extent of (toll/custom) treatment of external (foreign) concentrates and treatment
terms

= operating costs

= copper prices

= toll treatment charges (TC/RC).
= acid market

It is evident from the site investigations and analysis of recent records that there has
been a sharp fall in the availability of local concentrates supply from the Bor
Complex. Whilst, to a limited extent, TIR have been able to supplement smelter feed
with imported (tolled) concentrates, the 2005 throughput levels were reported to have
fallen to the equivalent of around 50 000 t/y contained copper; thus dramatically
impacting the commercial viability of the existing smelter operation.

It is not part of the mandate of this current study to assess future local concentrate
supply or to quantify the import and tolling potential for a modernised smelter.
Nevertheless it is considered appropriate to provide comment and qualitative
analysis on the potential impact of a reduced concentrate supply relative to the 125
000 t/y copper production equivalent capacity assessed for the modernisation
proposed in this Report.

In relation to a reduced concentrate supply The roasting and electric smelting
technology proposed does provide some limited turndown potential, but this is
directly dependent on the quality of concentrates. Partial roasting technology may
allow turndown typically in the range of 20 to 30% of nominal capacity. Two smaller
roasters (similar in capacity to the existing units) rather than one new large roaster
as proposed for the modernisation, could however, be considered for reduced
throughput. This would provide much greater flexibility on roaster turndown through
operation with either one or two roasters. At reduced throughput only one such unit
would be installed. With regard to the electric furnace unit, turndowns of up to 50%
are feasible, but this would be dependent on adoption of a plant design with one or
two smaller roasters as discussed above.
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As discussed in Section 3.4, it has been assumed for this study that feed to the
smelter would be based on current (October 2005) mixed concentrates grading
around 20.5% copper. Section 3.4 also discusses the fact that the shortage of
locally produced concentrate feed has been supplemented recently by treatment of
imported international concentrates — generally under toll-treatment arrangements.
Attention has been drawn to the fact that some of the foreign concentrates are
generally of significantly higher grade (typically 30% copper) and with a copper:
sulphur ratio nearer to 1:1. This enables increased copper and reduced acid
production per ton of concentrate smelted.

Depending on the availability and quantity of such concentrates the treatment
charges (TC / RC) prevailing as well as transport and other associated costs, this
offers potential to treat increased tonnages of foreign concentrates and improve
smelter commercial viability.

As indicated in Section 3.4, future plans for import of such foreign concentrates to
supplement local feed and maintain / achieve the nominal 125 000 t/y copper
production capacity for the modernised plant are unknown.

It is therefore considered important to comment in this study, at least in qualitative
terms, on both the technology implications and potential impact on commercial
viability of an alternative reduced scale of operation.

From the foregoing discussions it is suggested that, from a strictly technical
viewpoint, a reduction in nominal smelter capacity could also be considered, using a
single, smaller roaster unit combined with the turndown capability of a slightly smaller
electric furnace. A potential reduced smelter capacity of say 80 000 t copper / year
with an operating range of 60 000 — 90 000 t/y is considered technically feasible.

A reduction in capacity to such levels would permit tangible reduction in Capital Cost
in areas related, for example to elimination of the new large roaster and savings on
electric furnace investment due to its lower power rating and size. The converter/gas
handling /acid plant rehabilitation and estimated investment will remain largely
unchanged

Based on a global factoring of the original estimate, savings of around 25% may be
achievable for this reduced capacity plant giving an indicative total installed plant
cost of around US$60 million. Assuming a somewhat lower amortisation period of
15 years together with an assumed 60 000 t/y copper minimum output indicates a
cost of approximately 3c/Ib of copper for this scenario.

Because of the significantly lower throughput it is clear that the commercial viability
will be impacted at this reduced scale.

It is considered that, given acceptable commercial parameters such as
TC / RC’s and benefits of improved grades and copper output, this reduced capacity
case may still represent a commercially viable option, but it is essential that potential
investors undertake their own detailed analysis to establish the importance of such

impact.
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Effect of Power Cost Component

With the proposed change in primary smelting technology it is evident that there will
be an important change in the source of energy from fossil-fuel combustion to
electrical power.

Current power costs in Serbia and specifically as applicable to the TIR facilities may
increase in the future with the associated effect of increasing the smelter direct
operating cost. Whilst no operating cost models or analyses are being undertaken
as part of this current study the following comments can be made to provide some
guidance on potential impact of such power cost changes on future smelter
commercial viability.

Based on typical data for copper smelters based on electric smelting by submerged
arc resistance heating the very approximate power demands for the Base Case (125
000 t/y copper) smelter modernisation expressed in kwh/ tonne of new copper
(cathode) with the assumed grade of feed by plant area are:

Kwh/t copper
Electric Smelting Furnace 1200
Matte converting 30
Acid Plants 340
Electrorefinery 250

Approx Total Smelt/Refine 1820

With a 10% contingency for minor loads this gives a total smelter + refinery power
demand of around 2000 Kwh/t copper which, at the approximately 380t/d copper
production level considered this is equivalent to 3S0MW.

Within this the new electric furnace component is approximately 50 to 60% of total
demand noting that the current Reverberatory furnace smelting utilises some minor
power for blowers, fans and a small amount of oxygen production.

In overall direct operating cost terms, electrical power as estimated above (2000
Kwh/t copper) equates at current power cost of around 2 to 3 US c/Kwh to 2-3c/lb
copper Should power increase in cost to say 5-6¢c/Kwh based on an assumed
increase in cost to 40-50 Eu/Mwh this portion of operating cost would move to
approximately 5-6¢/lb copper for the Base case capacity project considered

Copper Price and Manning Levels

Finally, it is noted that current copper prices are at record levels in excess of of US$
2.20 /Ib compared to many years with a deep low in prices in the region of only 70-80
c/lb.

The high copper prices are being currently driven by supply / demand with
substantial increase in demand in China and India in particular, being a major factor.
It is not within the remit of this study to project impact of copper prices but it is noted
that high copper prices if sustained together with healthy TC/RC terms will help
improve the commercial viability of any smelter modernisation.
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Whilst care must be taken in making meaningful comparisons of manning levels
across different smelter / refinery plants in different locations, it is clear that the
current TIR facility reflects the historically high manning throughout the RTB facilities.

For guidance a mature, modern, commercially viable smelter / refinery complex will
be expected to have manning levels in the region of 400 — 500 or less depending in
particular on the extent of contracted out services, such as maintenance.
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Appendix 6

Drawings and Block Flow Diagram
Plant Layout — Existing Plant

A simplified plant layout for the existing Bor Smelter plant is provided on drawing
016591-1010-D-AD-PLA-0001-01 Rev A.

Plant Layout for Base Case.

The layout for the Base Case Modernisation as shown on drawing number 016591-
1010-D-AD-PLA-0002-01 Rev A, .shows the new Roaster and Electric Furnace in the
location at present occupied by the existing No.2 Roaster and Reverberatory
Furnace. The new Electro-Static Precipitators (ESP’s) are located as close as
possible to the new Roaster and Electric Furnace. To facilitate this layout the existing
plant in the area would be demolished, and the site cleared.

The orientation of the new Electric Furnace is east- west, with the west end wall
facing the Converter Aisle, where matte would be discharged via launders into ladles
in the Converter Aisle. Slag returned from the converters by ladle to the Electric
Furnace, would also enter the Electric Furnace at the west end wall via a launder.

Slag from the new Electric Furnace would exit via launders at the east end of the
Electric Furnace into the existing slag car system, the routing of which would require
some modification.

The concentrate feed system to the existing No. 2 Roaster would require
modification to feed the new Roaster.

Gas ducts from the new plant would tie into the existing system discharging to a new
Gas Mixing vessel, prior to discharge to the refurbished and modernized acid plants.

The new ESP to the Converters to be located alongside the existing ESP.
The benefit of this proposed layout is that the majority of construction work can be

carried out with almost no interference to existing Line 1 operations, and production
would continue uninterrupted during construction.
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