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GENERAL INFORMATION

The purpose of this process design criteria is to be the basis for the process calculations
and to give the design information on the different engineering disciplines for the Feasibility
Study for the Modernization of RTB Bor Smelter.

Site Location

Country
Nearest city

Access to Site

Road

- Quality of road

- Width of road 7m

- Heaviest load allowed

- Maximum load dimensions (BxHxL)  3x3.4x12 m

Railway
- Distance to site 0.1km
- Maximum load dimensions (BxHxL)  3.15x3.65x12m

Climate Information

Temperature

- Minimum -19 °C

- Maximum +40 °C

- Average +10.2°C

Winds

- Prevailing wind E 18.6 %

directions W 181 %

- Wind velocities NW 24 m/s
WNN2.3 m/s
N 1.8 m/s
NNW1.8 m/s
NE 1.8 m/s
E 1.6 mis

- Maximum wind velocity 25 mls

- Average wind velocity 1.5 mis

Relative humidity of air

- Average 72 %

- Maximum 100 %

- Minimum 14 %
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Quality of air
- S0O42- 79 mg/m2/day
- Dust 304 mg/m2/day

Atmospheric pressure

- Annual average
- Maximum
- Minimum

Rains

- Rainy seasons spring and autumn
- Maximum annual rainfall

- Average annual rainfall

- Maximum daily rainfall

- Average daily rainfall

Snow

- Maximum snow depth
- Average snow depth
- Soil frost depth

OVERALL DESIGN BASIS

Design Principle

The scope of work includes the provision of a front-end technology and engineering

package for the following:

Concentrate steam dryer area

0.65 mg/m3

976.5mbar
1015.4mbar
mbar

693.6mm/year
560.4mm/year
75.2 mm/day
1.5 mm/day

750 mm
17  mm
<500 mm

e Concentrate feeding to the steam dryer

e Concentrate drying

o Steam dryer with gas handling
0 Handling of the coarse materials from the screening after the dryer
o Concentrate conveying to dry concentrate bins

Flash Furnace area

¢ Concentrate feeding and burning

e Flash furnace

FSF gas handling and dust collection area

Waste heat boiler
Electrostatic precipitator
Process off-gas fan

Slag Concentrator area

Flue dust handling and transportation to flue dust bin

e Slag cooling (Area designed by SNCL)

5(17)
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e Crushing and grinding
o Flotation and dewatering
e Reagent handling

Fugitive gas handling system area
= FSF

Furnace Cooling Water Area
e Primary cooling water system

Design Basis for FSF Dimensioning

Dimensioning of the Settler of the FSF for the annual capacity of 80,000 t/a is based on the
PS converting mode of one operating PS converter (three PS converters of which one is
hot and only one is blowing simultaneously (1H-1B).

Converters blowing rates:

Slag blow: 33,000 Nm3/h
Copper blow: 36,000 Nm3/h

PRODUCTION CAPACITY

New copper from concentrates: 80,000 t/a from the normal ("Design Basis") concentrate.

Operation Time

330 days/year (consisting of 365 operational days with the availability factor of 90.4%),
corresponding operation time of 7920 hours/year.
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4. FEED MATERIALS
4.1. Normal (Average) Concentrates
Cerovo
Majdanpek Normal Krivelj Normal Normal Imported Normal  total
Concentrates 101270 150886 84941 62903 400000dry tly
Ratio % 25.32 37.72 21.23 15.73  100.00%
Cu 20.00 20.00 20.00 25.00 20.79%
Fe 28.50 32.50 31.70 30.00 30.93%
S 32.70 37.30 36.40 36.00 35.74%
Ni 0.01 0.01 0.00 0.01 0.01%
Co 0.02 0.02 0.01 0.01 0.02%
Zn 0.32 0.09 0.70 0.03 0.27 %
Pb 0.14 0.02 0.15 0.06 0.08 %
As 0.01 0.01 0.13 0.02 0.04 %
Sb 0.01 0.01 0.01 0.01 0.01%
Bi 0.02 0.03 0.03 0.01 0.02%
Se 0.01 0.02 0.01 0.01 0.01%
Si02 15.00 7.50 9.00 6.00 9.48 %
Al203 3.00 2.45 1.85 1.80 2.36 %
CaO 0.00 0.00 0.00 0.35 0.06 %
MgO 0.00 0.00 0.00 0.25 0.04 %
Oxygen 0.08 0.04 0.00 0.00 0.04 %
Hg 0.3 0.2 0.9 0.2 0.37 ppm
Total

Size distribution

150um 100 100 100 100 100 wt%
106um 53.7 53.67 53.67 53.67 53.68 wt%

75um 27.11 27.11 27.11 27.11 27.11wt%

38um 15.86 15.86 15.86 15.86 15.86 wt%
Specific gravity 4.5 4.5 4.5 4.5 4.5t/m3
Bulk density (dry) 25 25 25 25 2.5t/m3
Moisture content 10 10 10 10 10 % (wet)

Calculations for the consumption figures will be made with using the normal (average)
concentrate amounts and analysis. Al203 analysis has been adjusted to have total analysis
sum to 100%.ie. to avoid others to be minus-%.

Note: Concentrate moisture content for dryer design calculations: 10% (wet basis).
Moisture content of dried concentrate (dry basis): 0.1-0.3 %
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Mineralogical composition of Cu concentrates (calculated from approximate analysis):
Cerovo
Majdanpek Normal Krivelj Normal Normal Imported Normal
comp. % comp. % comp. % comp. %
Cu2s 0.01 0.04 0.00 7.51
CuFeS2 57.67 57.67 57.76 54.87
FeS 0.03 0.01 1.27 0.02
FeS2 23.05 31.93 28.61 28.55
4.2. Maximum Cu Blend
Process calculations for the maximum Cu blend are used to check PS-converting capacity
(maximum matte generation).
Cerovo
Majdanek Max Cu Krivelj Normal Normal Imported Normal ~ Total
Concentrates 102460 146952 43613 106795 399820dry tly
Ratio % 25.63 36.75 10.91 26.71 100 %
Cu 22.00 20.00 20.00 25.00 21.85%
Fe 28.50 32.50 31.70 30.00 30.72%
S 32.70 37.30 36.40 36.00 35.68 %
Ni 0.01 0.01 0.00 0.01 0.01%
Co 0.02 0.02 0.01 0.01 0.02%
Zn 0.32 0.09 0.70 0.03 0.20%
Pb 0.14 0.02 0.15 0.06 0.08 %
As 0.01 0.01 0.13 0.02 0.03%
Sb 0.01 0.01 0.01 0.01 0.01%
Bi 0.02 0.03 0.03 0.01 0.02%
Se 0.01 0.02 0.01 0.01 0.01%
Sio2 15.00 7.50 9.00 6.00 9.19%
Al203 1.18 245 1.85 1.80 1.89%
CaO 0.00 0.00 0.00 0.35 0.09 %
MgO 0.00 0.00 0.00 0.25 0.07%
Oxygen 0.08 0.04 0.00 0.00 0.04 %
Hg 0.3 0.2 0.9 0.2 0.30 ppm

Total
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4.3. Minimum Cu Blend

Process calculations with minimum Cu blend will be used to check capacities of the FSF
gas line and capacity of the slag concentrator.

Cerovo Imported
Concentrates Majdanek Min Cu Krivelj Normal Normal Normal total
105450 156729 146140 0 408319dry tly
Ratio % 25.83 38.38 35.79 0.00  100.00%
Cu 18.00 20.00 20.00 25.00 19.48 %
Fe 28.50 32.50 31.70 30.00 31.18%
S 32.70 37.30 36.40 36.00 35.79%
Ni 0.01 0.01 0.00 0.01 0.01%
Co 0.02 0.02 0.01 0.01 0.02%
Zn 0.32 0.09 0.70 0.03 0.37%
Pb 0.14 0.02 0.15 0.06 0.10%
As 0.01 0.01 0.13 0.02 0.05%
Sb 0.01 0.01 0.01 0.01 0.01%
Bi 0.02 0.03 0.03 0.01 0.03%
Se 0.01 0.02 0.01 0.01 0.01%
Sio2 15.00 7.50 9.00 6.00 9.97 %
Al203 3.00 245 1.85 1.8 2.38%
CaO 0.00 0.00 0.00 0.00 0.00%
MgO 0.00 0.00 0.00 0.00 0.00%
Oxygen 0.06 0.04 0.00 0.00 0.03%
Hg 0.3 0.2 0.9 0.2 0.48 ppm
Total
4.4, Silica flux
Chemical analysis, wt%:
Design Range
Average % %
(dry basis) (dry basis)
Si02 92 88 - 97
Fe304 0.6
CaO 0.6
Others 6.8
Particle size 0.5-5mm
Specific gravity 2.6
Bulk density 1500 kg/m3

Moisture content 6 wt %(wet) 4-8 wt %(wet)
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Mineralogy wt%:

Quartz 95
Feldspar 1
Calcite/Dolomite 1

Scrap Circulation Rate of Refinery and Anode Casting

Spent anodes from the refinery feed:

20 %

Rejected anodes, used molds and casting scrap + reserve cap. 5 %

ENVIRONMENTAL DEMANDS

Dust Emissions

Maximum dust load at the outlet 5
of the dust separation unit

SO2 Emissions

Maximum SO2 content at 500
the outlet of the stack

Maximum SO2 outside the plant area:

- Yearly 100
- Daily 150
- Hourly 350

Liquid Effluents

Maximum contents of metals in liquid effluent:

Cu 0.1 mg/l
Ni 0.1 mg/l
Pb 0.1 mgl/l
As 0.05 mg/l
Zn 1.0 mg/l
Cd 0.01 mgl/l
Hg 0.001mg/I
Cr6+ 0.1 mg/l
Cr3+ 0.5 mgl/l

mg/m3

mg/m3

pMg/m3
pMg/m3
pMg/m3

10 (17)

NOTE; Maximum allowed concentration of metals in the waste water receiver after 90%

mixing.
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6.6.
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UTILITIES

Heavy Fuel Oil

- Net heating value
- Chemical analysis:

ZOWITO

Ash content
H20 content

Diesel QOil

Defined by SNC Lavalin Inc.

Natural Gas

Not available

Propane

Not available

Ammonia
Not available

Plant Air

Pressure at battery limit

Temperature
Dew point (dry)
Oil content
Solid content
Particle size

Instrument Air

Pressure at battery limit
Temperature maximum

Dew point
Oil content
Solid content
Particle size
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39,800 kJ/kg

84.61wt-%
10.44wt-%
1.80 wt-%
2.00 wt-%
0.60 wt-%
0.26 wt-%
2.00 wt-%

650 - 700
< 38-42
-10
0.006

3

5

600 — 700
40
-35
0
0.1
1

kPa (g)
°C

°C
ppm

ppm
um

kPa (g)
°C

°C

ppm

ppm
um

11 (17)
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6.8. Technical Oxygen

Oxygen plant requirements:
- Oxygen content 95%
- Pressure 40 kPa, pressure at battery limit

6.9. Steam pressures
- Steam from WHB: pressure 6,0 Mpa (g), saturated
- Steam to steam dryer: pressure 2,0 Mpa (g), saturated
6.10. Boiler Feed Water
Temperature 140 °C
pH >7.5
total hardness < 0.01 °dH
KMnQO,4 consumption <10 mg/l
oxygen <0.02 mg/l
iron <0.05 mg/|
copper < 0.01 mg/I
SiO, <0.05 mg/|
Na + K <0.02 mg/|
Conductivity, at 25 °C <0.05 mS/m
oil 0 mg/I
6.11. FSF Circulating Water

Outotec specification for jacket cooling water circulation minimum quality requirement:

pH 8-8.5

Total hardness <4 °dH
KMnQO,4 consumption <25 mg/|
Chloride <20 mg/|
Free chlorine <0.05 mg/l
Sulphate <200 mg/|
Nitrate <20 mg/l
Iron + Manganese <0.3 mg/|
Ammonia <01 mg/|
Silica content as SiO, <20 mg/l
Suspended solids <10 mg/|
Total residue <300 mg/l
Fixed residue <250 mg/l
Free CO, no signs

Oil no signs

Outotec specification for make-up demineralized water (see boiler feed water).
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Xanthate for Slag Flotation
A commercial sodium isobutyl xanthate

Supply form powder or pellets
Package big bag or 25 kg bags
Active component more than 90 %

Dosing rate to the flotation process 100 - 150 g/t to two or three dosing points

Frother for Slag Flotation

A commercial frother for decreasing the surface tension of water in pulp; examples
MIBC methyl-isobutyl-carbinol

Oreprep X-133

Active component more than 90 %

Dosing rate to the flotation process 10 - 40 g/t to two or three dosing points

Flocculant

A commercial anionic polyacrylamide to enhance the settling velocity of copper minerals in
the concentrate thickener, e.g. SUPERFLOC A -1820
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Copper Smelter and Acid Plant Modernization
RTB BOR, Serbia
Weak Acid Treatment Plant

WEAK ACID (EFFLUENT) TREATMENT PLANT - WASTEWATER CHARACTERISTICS
Source: 338158-49ED-001_PB_Effluent Treatment Plant - 12/04/10

Parameter
Source 1 FSF Scrubber Slurry Tank
Normal Blend Lime Sludge Produced
Units Value Units Mass Ca(OH)2 CaSO4 Me(OH)2
Unit / Conc. g/L g/L g/L
Delivery temperature oC 62.0
Delivery pressure kPa tba
Slurry volume - daily m3/d 89.0
- hourly (24-h ave) m3/h 3.7
Solids tonnage - daily t/d 0.4 g/m3 4,494.4
- hourly (24-h ave) t/h 0.020 g/m3 5,405.4
Density of slurry t/m3 11
Slurry weight t/d 97.9
Solids content Yowt 0.4 g/L 4.0
mg/L 4,000
Acid content (H2S04) Yowt 20.0 g/L 200.0 151.1 209.6
mg/L 200,000
Molar 2.041
S02 (g) in solution g/L 0.05 0.04 0.1 -
H2S04 = 2H+ + SO4--
H+ = g/L 4.1
mol/L 4.0816
pH = -log [H+] or log (1/[H+]); H+ g-moles
pH std units  -0.611
ie. <0
Dissolved Metals(1):
Cu Yowt 0.0071 g/L 0.1 0.1 0.2 0.1
Fe (valance 3) Yowt 0.2880 g/L 2.9 5.7 10.5 5.5
S Yowt 0.0230 g/L 0.2 0.2 0.3 -
Co Yowt 0.0170 g/L 0.2 0.2 0.4 0.3
Ni Yowt 0.0000 g/L 0.0 - 0.0 0.0
Zn Yowt 0.0200 g/L 0.2 0.2 0.4 0.3
Pb Yowt 0.0149 g/L 0.1 0.1 0.1 0.2
As Yowt 0.0266 g/L 0.3 0.4 - 1.4
Sb Yowt 0.0100 g/L 0.1 0.0 0.1 0.14
Bi Yowt 0.1680 g/L 1.7 0.9 1.6 19
Sio2 Yowt 0.0140 g/L 0.1 - - -
CaOo Yowt 0.0000 g/L 0.0 - - -
Al203 Yowt 0.0020 g/L 0.0 0.0 0.2 0.0
MgO Yowt 0.0000 g/L 0.0 0.0 0.0 0.0
g/L 7.8
Raise pH to 7.2 (from 7.0):
OH- required (note 3) g/L 0.0000027  0.000006
Raise pH from 7.2 to 11
OH- required g/L 0.0169973  0.037044
total OH- required to
raise pH to 11 g/L 0.0170000 _ 0.037050
0.074100
Total lime required g/L  158.99
Lime consumption okay t/h 0.588
Total Sludge Production g/L 223.39 9.80
kg/m3 223.39 9.80
CaS04 + Me(OH)n th 0.827 0.036
As gypsum t/h 1.045
Dust solids in feed t/h 0.020
Total sludge produced t/h 1.10
Note (1) Dissolved metals equal 1% of solids assay, except 0.1% for Cu, Pb & As

and 4% for Fe.

April 13, 2010
Updated: April 21, 2010
338158

R. Kargel
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Copper Smelter and Acid Plant Modernization
RTB BOR, Serbia
Weak Acid Treatment Plant

Parameter
Source 2 PSC Gas Cleaning Scrubber Slurry Tank
Normal Blend Lime Sludge Produced
Units Value Units Mass Ca(OH)2 CaSO4 Me(OH)2
Unit / Conc. g/L g/L g/L
Delivery temperature oC 73
Delivery pressure kPa tha
Slurry volume - daily m3/d 19.0
- hourly (24-h ave) m3/h 0.79
Solids tonnage - daily t/d 3.2 g/m3 168,421.1
- hourly (24-h ave) th 0.13 g/m3 168,421.1
Density of slurry t/m3 1.25
Slurry weight t/d 23.8
Solids content Yowt 14.10 g/L 141.0
mg/L 141,000
Acid content (H2S04) Yowt 14.70 g/lL 147.0 111.0 154.0
mg/L 147,000
Molar 1.500
SO2 (g) in solution g/L 0.05 0.04 0.1 -
H2S04 = 2H+ + SO4--
H+ = g/L 3.0
mol/L 3.0000
pH = -log [H+] or log (1/[H+]); H+ g-moles
pH std units  -0.477
ie. <0
Dissolved Metals(1):
Cu Yowt 0.0552 g/lL 0.6 0.6 1.2 0.8
Fe (valance 3) Yowt 0.0580 g/L 0.6 1.2 2.1 11
S Yowt 0.0230 g/lL 0.2 0.2 0.3 -
Co Yowt 0.0000 g/lL 0.0 0.0 0.0 0.0
Ni Yowt 0.00200 g/lL 0.0 - 0.0 0.0
Zn Yowt 0.1440 g/lL 14 1.6 3.0 2.2
Pb Yowt 0.0094 g/lL 0.1 0.0 0.1 0.1
As Yowt 0.0021 g/lL 0.0 0.0 - 0.1
Sb Yowt 0.00300 g/lL 0.0 0.0 0.0 0.04
Bi Yowt 0.0500 g/lL 0.5 0.3 0.5 0.6
Sio2 Yowt 0.2920 g/lL 2.9 - - -
Cao Yowt 0.00300 g/lL 0.0 - - -
Al203 Yowt 0.0200 g/lL 0.2 0.0 15 0.4
MgO Yowt 0.0000 g/lL 0.0 0.0 0.0 0.0
g/L 4.0
Raise pH to 7.2 (from 7.0):
OH- required (note 3) g/L 0.0000027  0.000006
Raise pH from 7.2 to 11
OH- required g/L 0.0169973  0.037044
total OH- required to
raise pH to 11 g/L 0.0170000 _ 0.037050
0.074100
Total lime required g/L 115.14
Lime consumption okay th 0.091
Total Sludge Production g/L 162.84 5.38
kg/m3 162.84 5.38
t/h 0.129 0.004
As gypsum t’h 0.163
Dust solids in feed t/h 0.133
Total sludge produced t’h 0.30
Note (1) Dissolved metals equal 1% of solids assay, except 0.1% for Cu, Pb & As

and 4% for Fe.
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Copper Smelter and Acid Plant Modernization April 13, 2010

RTB BOR, Serbia Updated: April 21, 2010
Weak Acid Treatment Plant 338158
R. Kargel
Parameter
Source 1 & 2 - Total FSF Scrubber and PSC Gas Cleaning Scrubber
Normal Blend Lime Sludge Produced
Units Value Units Mass Ca(OH)2 CaS0O4 Me(OH)2
Unit / Conc g/L g/L g/L
Delivery temperature oC 64
Delivery pressure kPa tha
Slurry volume - daily m3/d 108.0
- hourly (24-h ave) m3/h 4.50
Solids tonnage - daily t/d 0.893 g/m3 8,264.7
- hourly (24-h ave) th 0.04 g/m3 8,264.7
Density of slurry t/m3 1.13
Slurry weight t/d 121.7
Solids content Yowt 0.83 g/L 8.3
mg/L 8,265
Acid content (H2S04) Yowt 19.07 g/L 190.7 144.0 199.8

mg/L 190,676
Molar 1.946
SO2 (g) in solution g/L 0.05 0.04 0.1 -
H2S04 = 2H+ + SO4--
H+ = g/L 3.9
mol/L 3.8913
pH = -log [H+] or log (1/[H+]); H+ g-moles
pH std units ~ -0.590
i.e. <0

Dissolved Metals(1):

Cu Yowt 0.0623 g/L 0.623 0.7 13 1.0
Fe (valance 3) Yowt 0.3460 g/L 3.460 6.9 12.6 6.6
S Yowt 0.0460 g/L 0.460 0.3 0.6 -
Co Yowt 0.0170 g/L 0.170 0.2 0.4 0.3
Ni Yowt 0.0020 g/L 0.020 - 0.0 0.0
Zn Yowt 0.1640 g/L 1.640 1.9 34 25
Pb Yowt 0.0243 g/L 0.243 0.1 0.2 0.3
As Yowt 0.0287 g/L 0.287 0.4 - 15
Sb Yowt 0.0130 g/L 0.130 0.0 0.2 0.19
Bi Yowt 0.2180 g/L 2.180 1.2 2.4 2.4
Sio2 Yowt 0.3060 g/L 3.060 - - -
Cao Yowt 0.0030 g/L 0.030 - - -
Al203 Yowt 0.0220 g/L 0.220 0.1 17 0.4
MgO Yowt 0.0000 g/L 0.000 0.0 0.0 0.0
gL 118
Raise pH to 7.2 (from 7.0):
OH- required (note 3) g/L 0.0000027 0.000006
Raise pH from 7.2 to 11
OH- required g/L 0.0169973 0.037044
total OH- required to
raise pH to 11 g/L 0.0170000 0.037050
0.074100
Total lime required g/L  155.94
Lime consumption th 0.702
- Add 20% th 0.842
Total Sludge Production g/L 222.77 15.18
kg/m3 222.77 15.18
CaS04 + Me(OH)n t/h 1.002 0.068
As gypsum t’h 1.268
Dust solids in feed t/h 0.040
Total sludge produced t’h 1.38

Note: Dissolved metals equal 1% of solids assay, except 0.1% for Cu, Pb & As
and 4% for Fe.
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Copper Smelter and Acid Plant Modernization
RTB BOR, Serbia
Weak Acid Treatment Plant

WEAK ACID (EFFLUENT) TREATMENT PLANT

REAGENT REQUIREMENTS AND SLUDGE PRODUCTION
Source: 338158-49ED-001_PB_Effluent Treatment Plant - 12/04/10

Source 1 & 2 - Total

Parameter
Flow rate
Lime - Ca(OH)2
Add 20%
Ferric Sulphate - Fe3+
Fe2(S04)3

com. gd. 46.6%wt. Fe2(S04)3 (13%wt Fe)
(supplies as Fe2(S04)3.7H20)

Flocculant - Anionic polyelectrolyte
(after EBARA Corp.)

grams polymer per tonne dry solids
Sludge produced (dry solids) - CaS0O4

gypsum, CaS0O4.2H20

Metal hydroxide, Me(OH)n

Dust in feed

Total Sludge Production (dry solids, gypsum)

Units

m3/h

g/L
t/h
g/L
t/h

g/L
t/h
g/L
t/h
g/L
t/h

g/L
mg/L
kg/h

kglt

g/L
th
g/L
th

g/L
t/h

g/L
t’h

g/L
t/h

High Blend

4.42

159.3
0.70

191.1
0.84

1.0
0.0044
3.58
0.0158
7.68
0.0339

0.02
0.088
228.2

1.01
288.6

1.27

155
0.068

8.1
0.036

312.2
1.38

Page1-1

FSF Scrubber and PSC Gas Cleaning Scrubber

Normal Blend

4.50

155.9
0.70

187.1
0.84

1.0
0.0045
3.58
0.0161
7.68
0.0346

0.02
0.090
222.8

1.00
281.7

1.27

15.2
0.068

8.3
0.037

305.1
1.37

April 27, 2010
338158
R. Kargel

Low Blend
4.63

155.7
0.72

186.9
0.86

1.0
0.0046
3.58
0.0166
7.68
0.0355

0.02
0.093
222.1

1.03
280.8

1.30

13.524
0.063

9.1
0.042

303.4
1.40
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Copper Smelter and Acid Plant Modernization
RTB BOR, Serbia
Weak Acid Treatment Plant

WEAK ACID (EFFLUENT) TREATMENT PLANT - WASTEWATER CHARACTERISTICS
Source: 338158-49ED-001_PB_Effluent Treatment Plant - 12/04/10

Parameter
Source 1 FSF Scrubber Slurry Tank
High Blend Lime Sludge Produced
Units Value Units Mass Ca(OH)2 CaSO4 Me(OH)2
Unit / Conc. g/L g/L g/L
Delivery temperature oC 62.0
Delivery pressure kPa tba
Slurry volume - daily m3/d 88.0
- hourly (24-h ave) m3/h 3.7
Solids tonnage - daily t/d 0.4 g/m3 4,545.5
- hourly (24-h ave) t/h 0.020 g/m3 5,405.4 5.4
Density of slurry t/m3 11
Slurry weight t/d 96.8
Solids content Yowt 0.4 g/L 4.0
mg/L 4,000
Acid content (H2S04) Yowt 20.0 g/L 200.0 151.1 209.6
mg/L 200,000
Molar 2.041
S02 (g) in solution g/L 0.05 0.04 0.1 -
H2S04 = 2H+ + SO4--
H+ = g/L 4.1
mol/L 4.0816
pH = -log [H+] or log (1/[H+]); H+ g-moles
pH std units  -0.611
ie. <0
Dissolved Metals(1):
Cu Yowt 0.0083 g/L 0.08 0.1 0.2 0.1
Fe (valance 3) Yowt 0.3280 g/L 3.3 6.5 12.0 6.3
S Yowt 0.0260 g/L 0.3 0.2 0.4 -
Co Yowt 0.0180 g/L 0.2 0.2 0.4 0.3
Ni Yowt 0.0000 g/L 0.0 - 0.0 0.0
Zn Yowt 0.0830 g/L 0.8 0.9 17 1.3
Pb Yowt 0.0196 g/L 0.2 0.1 0.1 0.2
As Yowt 0.0144 g/L 0.1 0.2 - 0.7
Sb Yowt 0.0050 g/L 0.1 0.0 0.03 0.07
Bi Yowt 0.1700 g/L 1.7 0.9 1.7 1.9
Sio2 Yowt 0.0160 g/L 0.2 - - -
CaOo Yowt 0.0000 g/L 0.0 - - -
Al203 Yowt 0.0030 g/L 0.0 0.0 0.2 0.1
MgO Yowt 0.0000 g/L 0.0 0.0 0.0 0.0
g/L 9.2
Raise pH to 7.2 (from 7.0):
OH- required (note 3) g/L 0.0000027  0.000006
Raise pH from 7.2 to 11
OH- required g/L 0.0169973  0.037044
total OH- required to
raise pH to 11 g/L 0.0170000 _ 0.037050
0.074100
Total lime required g/L  160.39
Lime consumption okay t/h 0.593
ty 5,198.4
Total Sludge Production g/L 231.75 10.95
kg/m3 231.75 10.95
CaS04 + Me(OH)n th 0.857 0.041
As gypsum t/h 1.084
Dust solids in feed t/h 0.020

Note: Dissolved metals equal 1% of solids assay, except 0.1% for Cu, Pb & As
and 4% for Fe.
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Copper Smelter and Acid Plant Modernization
RTB BOR, Serbia
Weak Acid Treatment Plant

Parameter
Source 2 PSC Gas Cleaning Scrubber Slurry Tank
High Blend Lime Sludge Produced
Units Value Units Mass Ca(OH)2 CaSO4 Me(OH)2
Unit / Conc. g/L g/L g/L
Delivery temperature oC 73
Delivery pressure kPa tha
Slurry volume - daily m3/d 18.0
- hourly (24-h ave) m3/h 0.8
Solids tonnage - daily t/d 3.10 g/m3 172,222.2
- hourly (24-h ave) th 0.13 g/m3 172,222.2
Density of slurry t/m3 1.26
Slurry weight t/d 22.7
Solids content Yowt 13.88 g/L 138.8
mg/L 138,750
Acid content (H2S04) Yowt 16.63 g/lL 166.3 125.6 174.2
mg/L 166,250
Molar 1.696
SO2 (g) in solution g/L 0.05 0.04 0.1 -
H2S04 = 2H+ + SO4--
H+ = g/L 3.4
mol/L 3.3929
pH = -log [H+] or log (1/[H+]); H+ g-moles
pH std units  -0.531
ie. <0
Dissolved Metals(1):
Cu Yowt 0.0652 g/lL 0.65 0.8 14 1.0
Fe (valance 3) Yowt 0.0530 g/L 0.5 11 1.9 1.0
S Yowt 0.0174 g/lL 0.2 0.1 0.2 -
Co Yowt 0.0000 g/lL 0.0 0.0 0.0 0.0
Ni Yowt 0.00200 g/lL 0.0 0.0 0.0 0.0
Zn Yowt 0.0760 g/lL 0.8 0.9 1.6 1.2
Pb Yowt 0.0092 g/lL 0.1 0.0 0.1 0.1
As Yowt 0.0037 g/lL 0.04 0.1 - 0.2
Sb Yowt 0.00400 g/lL 0.0 0.0 0.02 0.06
Bi Yowt 0.0500 g/lL 0.5 0.3 0.5 0.6
Sio2 Yowt 0.3420 g/lL 34 - - -
Cao Yowt 0.00400 g/lL 0.0 - - -
Al203 Yowt 0.0230 g/lL 0.2 0.1 17 0.4
MgO Yowt 0.0000 g/lL 0.0 0.0 0.0 0.0
g/L 3.3
Raise pH to 7.2 (from 7.0):
OH- required (note 3) g/L 0.0000027  0.000006
Raise pH from 7.2 to 11
OH- required g/L 0.0169973  0.037044
total OH- required to
raise pH to 11 g/L 0.0170000 _ 0.037050
0.074100
Total lime required g/L  128.94
Lime consumption okay th 0.097
tly  847.160
Total Sludge Production g/L 181.78 4.56
kg/m3 181.78 4.56
CaS04 + Me(OH)n t/h 0.136 0.003
As gypsum t’h 0.172
Dust solids in feed t/h 0.129

Note: Dissolved metals equal 1% of solids assay, except 0.1% for Cu, Pb & As
and 4% for Fe.
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Copper Smelter and Acid Plant Modernization April 13, 2010

RTB BOR, Serbia Updated: April 21, 2010
Weak Acid Treatment Plant 338158
R. Kargel
Parameter
Source 1 & 2 - Total FSF Scrubber and PSC Gas Cleaning Scrubber
High Blend Lime Sludge Produced
Units Value Units Mass Ca(OH)2 CaS0O4 Me(OH)2
Unit / Conc g/L g/L g/L

Delivery temperature oC 64

Delivery pressure kPa tha

Slurry volume - daily m3/d 106.0

- hourly (24-h ave) m3/h 4.42

Solids tonnage - daily t/d 0.858 g/m3 8,099.0

- hourly (24-h ave) th 0.04 g/m3 8,099.0

Density of slurry t/m3 1.13

Slurry weight t/d 1195

Solids content Yowt 0.81 g/L 8.1

mg/L 8,099
Acid content (H2S04) Yowt 19.43 g/L 194.3 146.7 203.6

mg/L 194,269
Molar 1.982
SO2 (g) in solution g/L 0.05 0.04 0.1 -
H2S04 = 2H+ + SO4--
H+ = g/L 4.0
mol/L 3.9647
pH = -log [H+] or log (1/[H+]); H+ g-moles
pH std units  -0.598
i.e. <0

Dissolved Metals(1):

Cu Yowt 0.0735 g/L 0.735 0.9 16 11
Fe (valance 3) Yowt 0.3810 g/L 3.810 7.6 13.9 7.3
S Yowt 0.0434 g/L 0.434 0.3 0.6 -
Co Yowt 0.0180 g/L 0.180 0.2 0.4 0.3
Ni Yowt 0.0020 g/L 0.020 - 0.0 0.0
Zn Yowt 0.1590 g/L 1.590 1.8 3.3 2.4
Pb Yowt 0.0288 g/L 0.288 0.1 0.2 0.3
As Yowt 0.0181 g/L 0.181 0.3 - 0.9
Sb Yowt 0.0090 g/L 0.090 0.0 0.1 0.13
Bi Yowt 0.2200 g/L 2.200 1.2 25 25
Sio2 Yowt 0.3580 g/L 3.580 - - -
Cao Yowt 0.0040 g/L 0.040 - - -
Al203 Yowt 0.0260 g/L 0.260 0.1 2.0 0.5
MgO Yowt 0.0000 g/L 0.000 0.0 0.0 0.0
gL 124
Raise pH to 7.2 (from 7.0):
OH- required (note 3) g/L 0.0000027 0.000006
Raise pH from 7.2 to 11
OH- required g/L 0.0169973 0.037044
total OH- required to
raise pH to 11 g/L 0.0170000 0.037050
0.074100
Total lime required g/L  159.29
Lime consumption th 0.704
- Add 20% th 0.844
Total Sludge Production g/L 228.23 15.51
kg/m3 228.23 1551
CaS04 + Me(OH)n t/h 1.008 0.068
As gypsum t’h 1.275
Dust solids in feed t/h 0.039
Total sludge produced t’h 1.38

Note: Dissolved metals equal 1% of solids assay, except 0.1% for Cu, Pb & As
and 4% for Fe.
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Copper Smelter and Acid Plant Modernization

RTB BOR, Serbia
Weak Acid Treatment Plant

WEAK ACID (EFFLUENT) TREATMENT PLANT - WASTEWATER CHARACTERISTICS
Source: 338158-49ED-001_PB_Effluent Treatment Plant - 12/04/10

Parameter
Source 1

Units Value
Delivery temperature oC 62.0
Delivery pressure kPa tba
Slurry volume - daily m3/d 93.0
- hourly (24-h ave) m3/h 4.4
Solids tonnage - daily t/d 0.6
- hourly (24-h ave) t/h 0.020
Density of slurry t/m3 11
Slurry weight t/d 102.3
Solids content Yowt 0.5
Acid content (H2S0O4) Yowt 20.0
S02 (g) in solution
H2S04 = 2H+ + SO4--
H+ = g/L 4.1

mol/L 4.0816
pH = -log [H+] or log (1/[H+]); H+ g-moles
pH std units  -0.611

ie. <0

Dissolved Metals(1):
Cu Yowt 0.0053
Fe (valance 3) Yowt 0.2240
S Yowt 0.0420
Co Yowt 0.0170
Ni Yowt 0.0000
Zn Yowt 0.0690
Pb Yowt 0.0255
As Yowt 0.0192
Sb Yowt 0.0030
Bi Yowt 0.1500
Sio2 Yowt 0.0110
CaOo Yowt 0.0000
Al203 Yowt 0.0020
MgO Yowt 0.0000

Raise pH to 7.2 (from 7.0):
OH- required (note 3)
Raise pH from 7.2 to 11
OH- required
total OH- required to

raise pH to 11

Total lime required
Lime consumption

Total Sludge Production
CaS04 + Me(OH)n
As gypsum
Dust solids in feed

Total sludge produced

Note (1)

and 4% for Fe.

FSF Scrubber Slurry Tank
Low Blend

Units

g/m3
g/m3

g/L
mg/L
g/L
mg/L
Molar
g/L

g/L
g/L
g/L
g/L
g/L
g/L
g/L
g/L
g/L
g/L
g/L
g/L
g/L
g/L

g/L
g/L

g/L

okay

Lime
Mass Ca(OH)2

Unit / Conc. g/L

6,451.6
4,545.5
5.0
5,000
200.0 151.1
200,000
2.041
0.05 0.04
0.1 0.1
2.2 4.5
0.4 0.3
0.2 0.2
0.0 -
0.7 0.8
0.3 0.1
0.2 0.3
0.0 0.0
15 0.8
0.1 -
0.0 -
0.0 0.0
0.0 0.0
g/L 7.0
0.0000027  0.000006
0.0169973  0.037044
0.0170000 _ 0.037050
0.074100
g/L  158.21
th 0.696
g/L
kg/m3
th
th
th
th

Sludge Produced

CasSO4 Me(OH)2
g/L g/L
209.6
0.1 -
0.1 0.1
8.2 4.3
0.6 -
0.4 0.3
0.0 0.0
1.4 1.0
0.2 0.3
- 1.0
0.0 0.04
1.7 1.7
0.2 0.0
0.0 0.0
222.38 8.73
222.38 8.73
0.978 0.038
1.237
0.020
1.30

Dissolved metals equal 1% of solids assay, except 0.1% for Cu, Pb & As
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Copper Smelter and Acid Plant Modernization
RTB BOR, Serbia

Weak Acid Treatment Plant
Parameter
Source 2 PSC Gas Cleaning Scrubber Slurry Tank
Normal Blend Lime Sludge Produced
Units Value Units Mass Ca(OH)2 CaSO4 Me(OH)2
Unit / Conc. g/L g/L g/L
Delivery temperature oC 73
Delivery pressure kPa tha
Slurry volume - daily m3/d 18.0
- hourly (24-h ave) m3/h 0.75
Solids tonnage - daily t/d 3.1 g/m3 172,222.2
- hourly (24-h ave) th 0.13 g/m3 172,222.2
Density of slurry t/m3 1.25
Slurry weight t/d 22.6
Solids content Yowt 14.04 g/L 140.4
mg/L 140,400
Acid content (H2S04) Yowt 15.19 g/lL 151.9 114.8 159.2
mg/L 151,933
Molar 1.550
SO2 (g) in solution g/L 0.05 0.04 0.1 -
H2S04 = 2H+ + SO4--
H+ = g/L 3.1
mol/L 3.1007
pH = -log [H+] or log (1/[H+]); H+ g-moles
pH std units  -0.491
ie. <0
Dissolved Metals(1):
Cu Yowt 0.0577 g/lL 0.6 0.7 1.2 0.9
Fe (valance 3) Yowt 0.0565 g/L 0.6 11 2.1 11
S Yowt 0.0181 g/lL 0.2 0.1 0.3 -
Co Yowt 0.0000 g/lL 0.0 0.0 0.0 0.0
Ni Yowt 0.00200 g/lL 0.0 - 0.0 0.0
Zn Yowt 0.0900 g/lL 0.9 1.0 19 14
Pb Yowt 0.0090 g/lL 0.1 0.0 0.1 0.1
As Yowt 0.0035 g/lL 0.0 0.1 - 0.2
Sb Yowt 0.00300 g/lL 0.0 0.0 0.0 0.04
Bi Yowt 0.0620 g/lL 0.6 0.3 0.7 0.7
Sio2 Yowt 0.3010 g/lL 3.0 - - -
Cao Yowt 0.0030 g/lL 0.0 - - -
Al203 Yowt 0.0210 g/lL 0.2 0.1 1.6 0.4
MgO Yowt 0.0000 g/lL 0.0 0.0 0.0 0.0
g/L 34
Raise pH to 7.2 (from 7.0):
OH- required (note 3) g/L 0.0000027  0.000006
Raise pH from 7.2 to 11
OH- required g/L 0.0169973  0.037044
total OH- required to
raise pH to 11 g/L 0.0170000 _ 0.037050
0.074100
Total lime required g/L  118.30
Lime consumption okay th 0.089
Total Sludge Production g/L 167.12 4.79
kg/m3 167.12 4.79
CaS04 + Me(OH)n t/h 0.125 0.004
As gypsum t’h 0.158
Dust solids in feed t/h 0.129
Total sludge produced t’h 0.29
Note (1) Dissolved metals equal 1% of solids assay, except 0.1% for Cu, Pb & As

and 4% for Fe.

April 13, 2010
Updated: April 21, 2010
338158

R. Kargel

J\FMI\PROJECTS\338158-RTB BOR\EB - Design Briefs-Calc\338158-7600-49EB-0002-rev.PA-New ETP Water Quality-27Apr10.xIs338158-7600-49EB-0002-rev.PA-New ETP Water Quality-27Apr10.xls

2010-04-27
Page2-3

SNC-Lavalin Inc.



Copper Smelter and Acid Plant Modernization April 13, 2010

RTB BOR, Serbia Updated: April 21, 2010
Weak Acid Treatment Plant 338158
R. Kargel
Parameter
Source 1 & 2 - Total FSF Scrubber and PSC Gas Cleaning Scrubber
Low Blend Lime Sludge Produced
Units Value Units Mass Ca(OH)2 CaS0O4 Me(OH)2
Unit / Conc g/L g/L g/L
Delivery temperature oC 64
Delivery pressure kPa tha
Slurry volume - daily m3/d 111.0
- hourly (24-h ave) m3/h 4.63
Solids tonnage - daily t/d 1.005 g/m3 9,057.7
- hourly (24-h ave) th 0.04 g/m3 9,057.7
Density of slurry t/m3 1.12
Slurry weight t/d 124.9
Solids content Yowt 0.91 g/L 9.1
mg/L 9,058
Acid content (H2S04) Yowt 19.22 g/L 192.2 145.2 201.4

mg/L 192,205
Molar 1.961
SO2 (g) in solution g/L 0.05 0.04 0.1 -
H2S04 = 2H+ + SO4--
H+ = g/L 3.9
mol/L 3.9226
pH = -log [H+] or log (1/[H+]); H+ g-moles
pH std units  -0.594
i.e. <0

Dissolved Metals(1):

Cu Yowt 0.0630 g/L 0.630 0.7 13 1.0
Fe (valance 3) Yowt 0.2805 g/L 2.805 5.6 10.2 5.4
S Yowt 0.0601 g/L 0.601 0.5 0.8 -
Co Yowt 0.0170 g/L 0.170 0.2 0.4 0.3
Ni Yowt 0.0020 g/L 0.020 - 0.0 0.0
Zn Yowt 0.1590 g/L 1.590 1.8 3.3 2.4
Pb Yowt 0.0345 g/L 0.345 0.1 0.2 0.4
As Yowt 0.0227 g/L 0.227 0.3 - 1.2
Sb Yowt 0.0060 g/L 0.060 0.0 0.1 0.09
Bi Yowt 0.2120 g/L 2.120 11 2.4 2.4
Sio2 Yowt 0.3120 g/L 3.120 - - -
Cao Yowt 0.0030 g/L 0.030 - - -
Al203 Yowt 0.0230 g/L 0.230 0.1 17 0.4
MgO Yowt 0.0000 g/L 0.000 0.0 0.0 0.0
g/l 105
Raise pH to 7.2 (from 7.0):
OH- required (note 3) g/L 0.0000027 0.000006
Raise pH from 7.2 to 11
OH- required g/L 0.0169973 0.037044
total OH- required to
raise pH to 11 g/L 0.0170000 0.037050
0.074100
Total lime required g/L  155.75
Lime consumption th 0.720
- Add 20% th 0.864
Total Sludge Production g/L 222.06 13.52
kg/m3 222.06 13.52
CaS04 + Me(OH)n t/h 1.027 0.063
As gypsum t’h 1.299
Dust solids in feed t/h 0.038
Total sludge produced t’h 1.40

Note: Dissolved metals equal 1% of solids assay, except 0.1% for Cu, Pb & As
and 4% for Fe.
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Copper Smelter and Acid Plant Modernization May 13, 2010
RTB BOR, Serbia 338158 - Rev.PA
Acidic Waste Water Treatment Plant

ACIDIC WASTE WATER EFFLUENT TREATMENT PLANT
EXPECTED TREATED EFFLUENT WATER QUALITY

Raw Waste Water Source: Combined Source 1 & 2 -
FSF Scrubber and PSC Gas Cleaning Scrubber - High Blend

RTB Bor Serbia Receiving Expected Treated
Parameter Raw Waste Water Water Discharge Effluent Water Quality (2)
Units Quality (1) Limits Total Dissolved

Dissolved Metals
Al Yowt NA mg/L NA 0.1-0.26 0.1
Antimony, Sb Yowt 0.0090 mg/L 90 <3
As Yowt 0.0181 mg/L 181 <0.01 <0.1 (3) 0.05
Bi Yowt 0.2200 mg/L 2,200 <0.5 0.1
Cd Yowt 0.0000 mg/L 0 <0.05 0 0
Cr (total) Yowt 0.0000 mg/L 0 0 0
Co Yowt 0.0180 mg/L 180 <0.1 <0.01
Cu Yowt 0.0735 mg/L 735 <0.1 <1 <0.1
Fe (total) Yowt 0.3810 mg/L 3,810 <2 <0.01
Pb Yowt 0.0288 mg/L 288 <0.05 <0.5 0.02
Mn Yowt NA mg/L NA <3
Hg (1) Yowt - mg/L 1.02t0 2.7 <0.3 0.1t0 0.27 (3)
Ni Yowt 0.0020 mg/L 20 <0.1 <0.4 0.03
Zn Yowt 0.1590 mg/L 1,590 <0.15 <0.4 0.02
Physical-Chemical
pH st. units <1.0 <9.5
Temperature 600C <45
Al,O5 Yowt 0.0260 mg/L 260 0
CaO Yowt 0.0040 mg/L 40 0
MgO Yowt 0.0000 mg/L 0 0
SiO, Yowt 0.3580 mg/L 3,580 -
S Yowt 0.0434 mg/L 434 <10

Notes: 1) from 338158-49ED-001_PB_Effluent Treatment Plant - 12/04/10; to be confirmed by testing
2) based on SNC-Lavalin experience and the literature; to be confirmed in pilot plant study
?3) may require special treatment
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