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1. EXECUfIVE SUMMARY 

This c1ocumcnt reviews environmental concerns and guidelines in bauxite mines and 
beneficiatioo plants. alumina plants. and aluminium smelters. The manufacturing processes 
are de-<aibed and the emissions and discharges are identified. Ao overview of the basic 
environmeot.aJ discharge standards around the world is pro·•ided. 

Some of the key eoviromneotal issues, among the many, discussed in this document are: 

• Disposal of spent pot linings (SPL) 
• Elearolytic cell fume treatmeDt 
• Anode baking fume treatment 
• Red mud disposal and area reclamation 
• Bauxite tailings disposal and area reclamation 
• Bauxite dust control 

2. INTRODUCTION 

Much progress bas been made in.the aluminium industry, particularly by the major 
international companies, in developing effective enviromnental safeguards for their facilities. 
Much development work bas been done in the area of new tedmologies to minimize the 
impact of bauxite, alumina, &. aluminum facilities on the environment. These technologies are 
available now and should be utilised to the maximum feasible. 

Some of the more important environmental issues, and their corresponding control 
technologies, facing the industry today are: 

• Spent Pot Linin~ {SPL) 

Several promising treatment technologies, based for the most part on incineration, are 
becoming available. However they ;u:e expensive and, at least in some countries, 
they have been difficult to utilise due to regulatory problems. 

• Electrolytic Cell and Anode Baking Fume Treatment 

The alumina dry scrubbing technology can successfully control fume emissions from 
both the electrolytic cell and the anode baking furnace. Dry saubbers are expensive 
to build and operate, however, the rCl"..overy of fluoride and alumina gives a payback 
on the investment. Moreover, dry scrubbers integrate very well with modern 
reduction technology. 

• Red Mud DisP®1l and Area Reclamation 

Red mud disposal is a problem because of the large volumes involved (1-2 tons red 
mud solids per ton of alumina produced), and high alkalinity and salinity of the 
residue. This makes the whole process of safe disposal and subsequent reclamation 
resource demanding and difficult. Technology is now available for re<'ucing the 
moisture content of the mud waste considerably, thus permitting •dry stacking• of the 
mud in a reduced area, and easier land reclamation. 
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• Bauxite Taili~ Disposal and Area Reclamation 

Bauxite tailings disposal is diffirult due to fbe very large volume of dilute slurry 
material involved wbeo bauxit1.. is washed. However technology is available for 
drastically reducing the moisture content of the tailings, which permits the use of 
·dry stacking• technologies for disposal of the tailings in the mined out areas, and 
facilitates reclamation of the area. 

3. MANUFACTURING PR~ 

3.1 BAUXITE FACILl11ES 

This section will cover the environmental aspects of all the typical bauxite facilities in use 
today from ore excavation to delivery of the bauxite to the"liUmina plant. 

3.1.1 Proc:ess Flow Diagram 

The type and scope of facilities used for the excavation, processing, and transportation of 
bauxite vary considerably - depeo4iog greatly on the type and quality of the bauxite. The 
simplified generic process flow diagram in the Appendix shows all of the major processing or 
treatment steps used in various bauxite mines and beoeficialion plants around the world 
today. The major process steps in the flow diagram are: 

• bauxite digging (excavation) 
• bauxite crushing 
• ore washing 
• screening 
• cyclooing 
• filtration 
• drying 
• product storage 
• Imes storage 
• tailings disposal 
• ship loading 

Some bauxite mining and beneficiatlou facilities use aJI of the above steps in their treatment 
of the excavated bauxite; other bauxite mines use only part of these steps. 

3.1.2 Process Description 

The following is a summary description of the treatment of the bauxite as it passes from the 
point of excavation to the point of loading the bauxite for shipment. A more detailed 
description can be found in References (1) and ('2). 

PracticaJly all modem bauxite mining operations today are surface mines. Although some 
older underground mines still exist, e.g. in Greece and Hungary, underground mining is 
more expensive and tends to not be economically competitive compared to surface mining. 
Any new bauxite mines which are established will very probably be of the surface mining 
type. 

With a surface mine, the first step in mining the bauxite consists of removing the topsoil with 
its vegetation, \\hicb may include trees, to provide access for the removal (stripping) of the 
overburden. After the stripping of the overburden, the bauxite is excavated - typically by 
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drilling and blasting if needed. digging. and finally l~ing the bauxite onto trucks or a 
conveyor for transponation to the crusher. At the bauxite ausber the large pieces of bauxite 
are crushed to a smaller size to prepare the bauxite for further-processing. From the bauxite 
crusher. the bauxite is usually graded by screening and theo stacked on stockpiles ready for 
shipment. 

Beneficiation is used at a few modem bauxite mines to upgrade the quality of the bauxite by 
removing undesir~le ore constituents, such as clay and silica, and for gnding of the bauxite. 
The beneficiation typically consists of an ore washing station, followed by classification and 
liquid/solid separation equipment which separates the bauxite into three or more sir.e 
fractions. The coarse fraction is sometimes dried to remove the excess moisture before 
storage and shipping to the alumina plant. Rotary drum dryers are sometimes used to 

perform the drying function. 

3.1.3 F.conomic Fadors in Process Selection 

In general terms the economics of a particular bauxite deposit is favorable if: 

• the deposit is close to the sea, if the bauxite is to be exported, or close to the 
alumina plant site if oot exported. 

,. 

• the bauxite bas a high extractable alumina content a low reactive silica content, 
and a low organic material content. 

• the alumina content is present as practically all gibbsile, all ocher economic factors 
being equal. However boehmitic, and sometimes diasporic, bauxite is generally 
economical to mine if the grade is adequate. 

• the overburden above the bauxite layer is easily and economically strippable. 

The process used to treat the bauxite is designed to reduce the downstream transportation and 
alumina plant operating costs in the most economic way available. The alumina plant's 
operating costs are increased if the bauxite is: · 

• difficult to crush and/or grind - therefore the aushiog and segregation of the 
bauxite before delivery to the alumina plant will lower the alumina plant's costs. 

• low in extractable alumina - because this incrt.aseS the tomiage of bauxite and red 
mud which must be bandied to produce a tonne of alumina. The mining 
equipment and operating system must be suitable for accurately selecting and 
separating the suitable bauxite from the uneconomic bauxite in the mine. 

• High in reactive silica content - because this increases lhe amount of caustic soda 
which is used by reacting with the silica. A£ in the above case for extractable 
alumina, the equipment and operating methods used for bauxite excavation must 
permit accurate selection of suitabl~ quality bauxite. In additioo.,Jhe goal of the 
beneficiation process and the basis on which lhe technology is selected should be 
to lower the content of reactive silica, and other problematical minerals - such a.11 
reactive carbonates, to as low a level as teclmically and economically feasible. 

• Very wet - because thP excessive free moisnare increases the weight of bauxite to 
be shipped and transponed on conveyors - thereby inaeasiog costs; and 
sometimes creates a sticky bauxite which sticb co conveyors, trucb, chutes, and 
other equipment. In additio:-, use of a wet bauxite, inaeases the amount of water 
introduced co the alumina plant process which results in an added expeme for 



-4-

ev.lp<>ration in the process. For the above rea.wns the installation of bauxite 
dryers at the beneficiatioo plant may result in c.onsiderable cost savings in bauxite 
transportation and in-plant evaporation c.osts. 

3.1.4 F.nvironmental Fadors in Process Selection 

lbe main environmental problems encountered al bauxite mine and bcneficiation sites are: 
dust. tllilings disposal. and storm water runoff/erosion. The processes sliould be selected to 
minimize the above enviromneotal problems in an economical way. 

3.1.S Water and Energy Usage 

Water and energy usage can vary greatly from mine to mine, however published data for the 
Bok~ bauxite mine Q suggests that energy usage in a large, modern. bauxite"lnine is about 

• Electric power 
• Diesel fuel 
• Fuel oil 

6.2 Kwh/t bauxite 
0.007 tit bauxite 
0.01 tit bauxite 

Water usage if ore washing is not applied will be minimal. When the ore is washed water 
usage can be in the region of 34 tJt bauxite.1' 1 

3.2 ALUMINA FAC~ 

3.2.l ~ Flow Diagram 

The below description follows the simplified alumina plant prO\:....~ flow diagram in the 
Appendix. 

3.2.2 Process Desaiption 

Bauxite is transported from the bauxite mioe/beneficiatioo area by ship. barge, truck, rail or 
conveyor depending mainly on the distance between the mine and the alumina plant. In the 
alumina plant the bauxite is first crushed and/or ground to the c.orrect particle size for 
efficient extraction of the .. alumin:t in digestion. 

In the digestion unit the extractable alumina is extracted from the bauxite using hot, sodium 
hydroxide liquor. in a series of pressure vessels. In the next step - mud separation - the 
mud, c.onsisting of the insoluble part of the bauxite, is separated from the process liquor, 
using thickeners and sometimes filters. The separated, and thickened muci is washed almost 
free of entrained caustic soda before ~ing pumped to the mud disposal area. 

After mud separation, the process liquor still contains a very small amoum of solids which is 
removed in the polishing filtration step using some type of pressurized leaf or sand filter. The 
process liquor. now free of all solid impurities, is pumped to the precipitation step, where it 
is held, typically for 20 - 40 hours, in a series of large tanks (precipitalOrs). The 
crystallization (precipitation) of alumina tribydrate crystals is promoted in the precipitators by 
cooling the liquor and by recycling uodersize alumina tribydrate crystals as seed to the 
precipitators. The net result is that the alumina which wem into solution in the plaiat liquor in 
the digestion step is 'precipitated' back out of solution in the precipitation step, and the plant 
liquor is recycled back to digestion, to extract more alumina from bauxite. 

The hydrate slurry produced in the precipitators is next classified in the classification step to 
separate the large particle size fraction suitable for the alumina product. The undersize 
hydrate fraction is returned to the precipitators as seed. 
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The product hydrate is subsequently calcined. in rotary kilns or fluid bed calciners, to convert 
the alumina tribydrate (Al,0,3H20) to alumina (Al20,). The fluid bed calciner is the more 
modem and efficient technology. 

Burnt lime is used as an additive in practically all alumina plants. This material may be 
purchased from an outside source or many plants purchase limestone and convert it them
selves to burnt lime in lime burning facilities. 

An alumina plant uses both steam and power. When power is not available locally. an 
alumina plant will typically install a steam and power cogeoeration facility to supply the 
plant's requirements. If power is available al an economic rate from a local power source, 
only steam generating facilities would be installed. 

3.2.3 Economic Factors in Process and Equipment Selection 

There are many economic factofS in the process selection. the more imponant are listed 
below. 

• digestion conditions must be selected to extract an economic percentage of the 
alumina from the particular type of bauxite. Normally this percentage must be 
greater than 95~. " 

• the selected process should minimize the consumption of energy, water, and raw 
materials, such as bauxite and caustic soda. 

• the selected process should minimize the amount of land and equipment required 
to produce the specified plant capacity. For example, one typical goal of alumina 
plant process selection today is to eliminate the requirement for a separate in-plant 
evaporation facility, thereby reducing eoCigy requirements, equipment 
requirements, and land requirements. 

• availability and nature of energy source. Cheap coal could be attractive but 
increases atmosr' ... de emissions of SO., co,. and paniculates. 

• Economics of scale favor larger size alumina plants. Most new plants under 
consideration today are in the 600,000 to 1,000,000 tons per year alumina 
production range. 

3.2.4 Fnrironmental Factors in ~ and Equipment Selection 

Potential environmental problems arising from the alumina plant process as practiced today 
are related to dust gener::.tion and red mud disposal. The process emissions can be effectively 
controlled if the correct equipment is installed to treat the emissions. The main challenge is 
the proper disposal of the red mud residue. This subject wilf be discussed further in Section 
s. 

3.2.S Materials and Enav Usage 

The consumption of materials and energy in the alumina process depends to a large extent on 
the type of bauxite used, the plant location, process selection, and !'1e efficiency of operation. 
Table 1 below shows a range of usage. The lower usage numbers are ro ore typical of a high 
alumina, (e.g. Bok~ low silica bauxite and good process design. Wber~ the higher 
consumption rates apply to poorer grades of bauxite in use today and less efficient process 
design and operatio~. 
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Table I Alumina Plant Materials and Energy Usage 

Materials 

Bauxite. dry tit alumina 

Caustic Soda (100% NaOH) tit alumina 

Water. tit alumina 

Power. K whit alumina 

Fuel. GJ/t alumina 

Burnt Lime (90% CaO) tit alumina 

Sulfuric Acid (98% H~OJ tit alumim 

3.3 ALUMINIUM SMELTER 

3.3.1 Process Flow Diagram 

~ 

1.85 3.60 

0.03 0.145 

1.0 9.0 

220 400 

8.4 16.7 

0.015 0.10 

O.OOOCJ 0.0014 

A process flow diagram for the aluminium smelter and auxiliary processes is included in the 
Appendix. 

3.3.2 Process Desaiption 

The Hall-Heroult process for the electrolytic reduction of alumina, remains the ooly 
commercially proven method of producing primary aluminum. There are two main variations 
of the basic Hall-Heroult process, namely prebake pots in which the anodes are formed and 
baked externally, or Soderberg pots, in which the anodes are baked in situ. In each case, the 
pots may be worked from either top or side. 

The Soderberg pot bas 1. variants - the vertical stud and the horizontal stud. There are three 
variations to the prebake cell. One is the center-worked cell using a bar breaker (CWPB
BB), the second the side worked cell (SWPB), and the third is the center worked cell using a 
point breaker feeder (CWPB-PBF). ,.,ontinuous improvements to tJie efficiencies and 
emission levels from these various pot technologies have been made over the years. 

In recent years, there bas been a tendency for new aluminum plants to use the prebake cells, 
largely because of environmental considerations. The centre worked prebake (CWPB) cell 
currently in wide use is a value engineered version of original designs of this type, 
optimizing electrical and fume oollection efficieucies by a combination of engineering design 
and process c.ontrol improvements. The following process description will be based mainly 
on the CWPB technology. 

Primary aluminum is produced by the electrolytic reduction of alumina. An aluminum plant 
combines cells (or pots) where this reduction takes place, casting facilities and plant to 
manufacture cell components. The process is represented diagrammatically in the aluminium 
process flow diagram includoo in the Appendix. Alumina (aluminum oxide) is dissol11ed in a 
molten bath of fluoride compounds (the electrolyte) at a temperature of approximately 950°C. 
Passage of a direct current of electricity through the bath causes the alumina to dissociate to 
form liquid aluminum and oxygen. Current passages from carbon anodes submerged in the 
bath to the lining of pots, the cathode. Pots are connected elearically in series to form a 
potline. 



-7-

Molten aluminum collecting in the bottom of the cells is periodically removed under vaet&um 
into tapping crucibles. Evolved oxygen combines with c:arbon from the anodes, requirinr. 
their replacem~t on a regular basis. Programmed additions of alumina and fluoride 
compounds are made to the bath to maintain conrinUO\IS operation. It is necessary to break 
the crust fonned over the bath before such additions are possible. Fumes evolved from the 
bath arc collected by means of a hood eodosing the pot. and evacuated for treabneot. 

Liquid aluminum tapped from rhe pots undergoes purifying. alloying and casting operations 
in the cast house. Final product is solid aluminum meul in any of several physical forms. 

Anodes are manufactured from a mixture of materials in the carbon plant, a &cility which 
combines mixing, forming and baking operations to produce sufficient anodes to ·replace on 
average one anode per pot per day. 

Primary aluminum production generates aiiborne. solid and liquid wastes. Of these. airborne 
emissions are the most significant from lhe viewpoint of potential offsite impact. 

Typical operating characteristics of a modern CWPB-PBF cell are as follows. 

• 
• 
• 
• 

Average amperage 
Volts per pot 
Power consumption 
Current efficiency 

175,000-280,000 amperes 
4.1 - 4.5 volts 
12.9-14.5 DC Kwb/kg m~ 
91-95~ 

The cathode is contained in an independent shell supported by electrically iosulated concrete 
beams. The lining consists of carbon blocks. Heat losses are controlled widl refractory and 
insulating bricks. The cell sides are similarly protected by carbon blocks. All joinls are 
sealed with carbon paste. 

A steel superstructure supports the anode system, the bood and the crust breaking and 
alumina feeding equipment. Alumina additions are made to the pot from hoppers suspended 
from the superstructure between the two rows of anodes. 

Pot emissions are confined by a combination of fixed hooding and removable side panels. A 
fixed roof and cod pieces are integrated wilh the superstructure. Panels close the space 
framed by the hooding and lhe side of the pots. Emissions are evacuated by oollection ducts 
to, normally. a dry scrubbing unit for treanneot prior to discharge. 

Green (unbaked) anodes are produced using petroleum cote. liquid pitch and recycled anode 
butts. Proponioned quantities of crushed aod classified rote aod recycled buns Mc heated 
and mixed with liquid pitch. After forming the cooled anodes are transported by overhead 
cranes either to storage or directly to the baking furnace. 

Anode baking is performed in a furnace. which consists of se-1eral pits into which the green 
anodes are placed. Burners fired with natural gas or oil beat air which passes around the pits 
in a controlled manner to achieve the required heating cycle. Exhaust gases are collected for 
treatment before discharge to the atmosphere. 

Anode rodding is performed in a separate building. Used anodes are cleaned to remove 
adherent bath, and then stripped from the rod assembly. Commonly used cleaning methods 
are vibrating tables and shot blasting. Cast iron used to connect the anode with the stem is 
removed from the anodes for recycling. Rod assemblies are repaired, if necessary. before 
graphite coating of the pins (which are used to make connection with anode) in preparation 
for rodding of a new anode. 
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Casting 

Hot metal produced in the pots is-vacuum tapped once per day into tapping ladles and then 
transferred to the cast house. For some products, impurities are removed by reaction 
(fluxing) with a nitrogen-chlorine-inert gas mixture. Alloy elements are added and distributed 
by mixing as required. The product is cast using continuous and semi~ntinuous ca.uing 
machines, depending on the end use of the solid metal. Facilities are provided for cooling and 
processing cast house dross (waste aluminum/aluminum oxide mixture). 

Supoort Operations 

Individual facilities are provided for the following functions. 

• Pot lining rmioval and rebuilding of pots. 
• Cleaning and relining of tapping ladles. 
• General maintenan~ of plant and equipme.ot... 

3.3.3 Economic Factors in Process and Equipment Selection 

The typical l'faminium smelter is a highly complex and capital intensive installation in which 
many ~nomic factors come into ·play in selecting the optimum equipment and process. 

The major capital and operating cost item is the electrolytic cell (pot) and its power 
requirement. Great strides have been made in the last two decades in designing bigger and 
more energy efficient electrolytic cells. At the same time much progress bas been made in 
making the electrolytic cells easier and safer to operate while reducing the amount of toxic 
emissions escaping from the cells during operation .. 

3.3.4 Environmental Factors in Pr~ and Equipment Selection 

The major environmental factors which have to be taken into conside.ration are the generation 
of bnardous fumes and particulates in the electrolytic cells and in the production of carbon 
ano<h.-s, and the generation of difficult to disprise of spent pot linings. There are several 
electrolytic cells and carbon anode baking technologies available. A careful evaluation of the 
rate of emissions generation and the efficiency of capruring those emissions should be made 
before a particular technology or equipment design is selected for use. 
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3.3.5 Materials and Energy Usage 

Data on aluminum smelter materials and energy-usage are given in Table 2. 

Table 2 Aluminum Smelter Materials and Energy Usage 

Er]ergy kWh/kg Al 

Alumina (A120 3), kg/kg Al 

Anode carbon, kg/kg Al 

Anode pitch kg/kg Al 

Cell life, years 

Anode Baldng 

Typical gas consumption (modern unit) GJoule/t Al 

Based on a modem large center worked prebake cell (CWPB) installation. 

4. WASTE CHARACTERIZATION AND IMPACTS 

12.9 - 14.5 

1.9 

0.37 -0.43 

0.10 

5-8 

2.5 

Current waste materials such as spent oil, solvents, wood, scrap ;oetal, etc., and sanitation 
effluent are generated by all aluminium production steps. Although requiring proper attention, 
this report concentrates on wastes typical for the aluminium industry. 

4.1 BAUXITE FACILITIES 

4.1.1 Bauxite Beoeficlation Tailin~ 

Some bauxite production facilities incorporate an ore washing or beneficiatioo step, in order 
to upgrade the quality of the bauxiteO>. See the bauxite mine/beoeficiation flow sheet in the 
Appendix for information on bow the waste is produced. These wastes are not considered to 
be hazardous, however they can be very detrimental to the flora and fauna of the area if not 
disposed of properly. ·· · 

Typically the quantity of tailing solids can be 113 of the weight of bauxite shipped. A typical 
tailings slurry contains 7-9~ solids with a particle size less than ISO mesb0 >. 

4.1.2 Atmospheric Emissions 

The main atmospheric emission concern is bauxite dust. This material is not considered 
hazardous, but can still pose environmental problems if not properly controlled. Bauxite dust 
is generated at various locations and by various types of equipment. The main sources are: 

• bauxite dryers. 
• loading and unloading of ships, trucks, railroad cars. 
• bauxite carrying conveyor systems including transfer points. 
• truck movement in the bauxite mine. 
• blasiing. 

Some bauxites are more dusty than others, which needs to be taken into account when 
designing the dust containment systems used on the bauxite handling equipment. 
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Other emissions which could occur. would be NO .. S02 and other products of combustion 
from the bauxite dryers. which can have a deleterious and expensive effect on dust collection 
equipment. 

4.1.3 Waste Waters 

Waste water, containing small amounts of suspended bauxite solids can be generated by the 
ore washing and beoeficiation process; or by nmoff from the mine area. Depending on the 
amount of rainfall at the mine area, a comidenble amount of runoff can be generated. 
Settling ponds should be considered for removal of the solids contained in the runoff. It is 
essential that proper drainage ditches and channels be installed at the mine, beoeficiation 
plant. bauxite drying facility, and along all a~ roads, in order to reduce erosion in these 
areas (J). 

In some underground mines ground watec can create severe environmental problems. This 
type of situation requires careful attention to dtsign of the mining technology, and continuous 
monitoring of ground water levels and the levels of lakes and rivers in the region. 

4.2 ALUMINA FACn.mES 

Refer to the Alumina Plant process flow diagram in the Appendix for the source of the 
wastes and emissions discussed below. 

4.2.1 Atmospheric Emissions 

Table 3 Atmospheric Emissions Crom Alumina Facilities 

Unit Process 

Bauxite unloading, conveying, transfer points, stacker/ 
reclaimer, crushers and/or mills, stockpiles and bins 

Limestone receiving/unloading, bins and conveyors 

Burnt lime conveyors and bins 

Alumina ship and car loaders, silo and handling systems 
(air slide, conveyors) 

Red mud stacks 

Cooling towers and blow-off tanks 

Boilers, power cogenerators 

Calcincrs 

Mobile equipment 

Kilns 

4.2.2 Waste Waters 

Type of Emission(s) 

Bauxite dust 

L l.Jnestone dust 

Burnt lime dust 

Alumina dust 

Red mud d~ sodium salts 

Caustic aerosols 

S~. NO. 

S02, NO., alumina dust 

S02, NO. 

S02, NO., burnt lime dust 

Under nonnal operations the alumina facilitits do not generare a waste water to be disposed 
of. However during periods of heavy rainfall a large amoum of water can fall on the overall 
plant area. If this water volume is in ~~ of what the plaDl can use in the process then it 
will have to be discharged from the plant as a waste water. 
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4.2.3 Sludges 

The main wast~ generated by an alumina plant is the red mud. which is basically the bauxite 
residue after extraction of the alumina. Red mud contains bauxite minerals not dissolved 
during digestion and solid and ccystalline phases formed in the Bayer Process (Al20 3• Si02• 

Fe,O,, Ti03, N~O, CaO and others). The pH of this residue is 10-12. The chemically 
bound NaOH in the form of sodium aluminum hydrosilicates tend to dissolve panially and 
slowly in a process of hydrolysis. The red mud is wasbtd with water in the planl to recover 
almost all of the caustic soda in the mud, before pumping the mud to a sealed impoundment. 

4.2.4 Hazardous Wastes 

The main hazardous waste in the alumiDa refinery is the spent acid resulting from the 
cleaning of scale from tanks and pipes in the plant. If the process incorporates a liquor 
purification process then salt-cake and other oxalates may be produced. The plant laboratory 
aod maintenance sb·JPS can also generate hazardous waste but in relatively small quantities. 

4.3 ALUMINIUM FACIIJTIES 

Refer to the Aluminium Plant process flow diagram in the Appendix for the source of the 
wastes and emissions discussed below. 

4.3.t Atmospheric Emissions 

Generation of aunospberic emissions in the aluminum smelter and carbon baking facilities can 
cause serious environmental problems if not correctly controlled. The main 'emissions are 
listed below: 

Table 4 Atmospheric Emissions from Aluminwn Smelters 

Unit Process Ime of EmissionsCsl 

Alumina unloading, conveying, handling and Alumina dust 
storage 

Coke unloading, conveying, handling and Coke dust 
storage 

Potline Gaseous fluorides, particulate fluorides, S02, 

dusts from handling various materials, carbon 
oxides, tars (mainly Horizontal Stud 
SOderberg), CF,, cy, 

haking furnace Gaseous fluorides, S02, tar vapor, carbon 
particulate, NO., carbon oxides 

Green carbon and anode fonning pl&.'lt Coke dust, pitch tar vapors 

Rodding room Carbon dust 

Cast house Auxing emissions dependent on type of 
fluxing, carbon oxides, NO., SO, 

The electrolytic reduction cells are lbe major source of airborne emissions. Gases including 
hydrogen fluoride, sulphur dioxide and carbon oxides are generated by the thennat 
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decomposition of fluoride oompounds and the oxidation of anode oonstituents. During an 
anode effect (a normally short term increase in cell resistance), carbon tetrafluoride and small 
amounts of q 1 evolve. Evolution of these g~es. which have a very high global wanning 
potential, are estimated to 1-3 kg/t Al. Good oontrol of the reduction process can reduce 
these emissions to about 0.06 tg/t Al. 

Particulates originate from the volatilization of the cryolite bath and subsequent oondensation, 
from mechanical entrainment of bath material by gases evolved from the cell surface, and 
from dusting of raw materials during handling. They include alumina, ayolite, aluminum 
fluoride, sodium fluoride and carbon. 

The green anode manufaduriog process gives rise to pitch w vapors and dust. The anode 
baL:.ing operation evolves gaseous fluorides, sulphur dioxide, carbon oxides and tar vapors 
and particulates. Tar vapors and particulates contain polycyclic aromatic hydrocarbons 
(PAH), many of which are known carcinogens. 

The casting complex is a mioor source, and its contribution depends largely on fuel choice 
and fluxing practice. Carbon oxides are the major potential emissions. 

Of the above, the only compounds released in quantities sufficient to have adverse effects on 
the surrounding environment are gaseous and particulate fluorides provided there is adequate 
stack height to limit ambient ground level concentration of SO, and w vapors. Emis4iions of 
SO, may however be of natio021 or regional concern. Typical source evolution rates are 
summariud below. 

Table 5 Typical Gaseous and Particulate Evolutions Before Treatment For Modem 
CWPB Pot<4> 

Reduction cells 

Anode furnace 

"Dcpcnda on 1Ulphur cod.all of anode. 

Emission 

Gaseous fluoride 
Particulate fluoride 
Sulphur dioxide, S01• 

Gaseous fluoride 
Particulate fluoride 
Carbon particulates• 
Tarvapo~ 

Sulphur dioxide, SO, 

•or loC&l p&ltic:ulala. Hip molecular waglc PAH ~ mdtortied on~ 111rf.:c. 

"or gucous hydroc:atbonl, which include PAH. 
Noc.c: The umpling, analy1i.1 and dcfuUtion or IOCal PAH varia and i.l 1Ubjcd ID 
irumational llandardizalion. 

4.3.2 Waste Water 

Quantity 
ll{t Al 

16 
16 
24 

0.25 
nil 
1.2 
0.6 
0.8 

The only waste water of concern is storm water runoff which can be contaminated with very 
small amounts o( proces.~ generated particulates such as fluorides. Rain falling within the 
plant boundaries dissolves available fluoride from roofs of buildings and paved areas. 
Maximum concentratiom of fluoride are usually experienced in the first rainfall of the season. 
Subsequent runoff, particularly in wet climates, will have lower levels of dissolved fluoride. 
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Adequate treabnent of effluent from cast bous~ paste plant and anode baking facility etc. 
should be provided with respca to pH. suspended solids. COD/BOD. tar (PAH) and fluoride. 

4.3.3 Solid Wastes 

A 250,000 tons per year aluminum plant produces approximately 4()-{,() kg of mixed solid 
wastes per tonnage of product. Spent cathodes (pot linings) are the main source of the solid 

waste. 

Under normal operating conditions carhodes (the cell lining) are expected to last 
approJ.imately 4 to S years. During this time. they are impregnated with fluorides. sodium, 
iron and cyano-annplexes. in addition to suffering plastic intrusions of liquid metal. 

At the end of their useful life, pots are ddined using pneumalic drills, yielcf mg a mixture of 
materials and size fractions. Approximately SO per cent of die spent cadlode is impregnated 
carbon, and the remainder is refractory material. Typical butt analyses are given in Table 6. 

Table 6 Spent Cathode Analysis<41 

, Carbon Refractories 

Species Average Maximum Average Maximum 
% % % % 

Carbon 45 60 2 

A120 3 15 20 35 40 

Si02 
3 35 38 

Caf2 9 5 3 4 

Alf3 10 15 4 5 

NaF 15 25 16 20 

CN- <400ppm 400ppm <50ppm 50ppm 

N I 2 < I I 

Refractories that have failed largely due to thermal shock are derived from the anode baking 
furnace, the cast house and the aucible repair shop. Comminant levels are generally low. 
Other solid waste or by-produdS which are generated in lesser quantities include skim, dross, 
fluxing slags, road sweepings, packaging and domestic wastes. Table 7 lists all the solid 
wastes generated by a typical aluminium smelter. 
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Table 7 Solid Wastes from Aluminum Smel~.:rs011 

Source ~ Descripti • .m 
L ~lining shop Spent CllhOOes Mixed size fnelion, various solid components 

2.. Cast house dross Dross rttlamatioa Fine product &-10" aluminum" 
reclamation raiduc 

3. Elcctrodc paste plant Carbon maleriat Ooor Carbon c:o;damin1tcd ~ fon:ip maleriaJs 
swccpinp 

4. Rodding shop EJcc:uolytc. 8oor ekarolytt: IDllaial which csnnoc be recycled 
swcc:pinp a-.use or coawninatioa 

s. Rodding shop Shot blurcr rcf"u.sc e.m and shot and carboa ~ Fe mixture 

6. Pctlinc Bath ud catbon d.ast Solidi6cd balh c:oal•minatcd ~ catbon fines and 
pieces 

1. Plant~ Spiilcd mntaminar.cd Mixture or coke, bath, carbon and ocher' maraial 
marcrial 

a. POllinc services Ladles Rdrad.ory mafcriaJ 

9. Elcc:trodc bake oven Rc:&acrory lining Rc:frac:IOry brick non CIOl1laminalbt 

10. Elcdrodc bake: oven Bag filla- dust Fine rote: <lust 

IL Cast house furnace Rc:Cracrory lining Refractory brick non-
rcfrac:IOrics coaWninllcd 

12. Rodding shop Ladles and cast iron Rc:frac:IOry brick non-
furnace coniaminalcd 

13. POllinc Ladle: skimming Aluminum oxide: and balh" 

14. Plant wide Packaging and docnc:stic Packaging. paper, putn:sciblc: wuic, de. 

WUk 

• Higher Al-lc:vcls from cast houses producing alloys 
• Ruoridc: contaminalcd wihin the: brick (less than 1.0") is in a non Jc:achablc:, highly insoluble: fonn. 
• For a typical ~worked prcbakc ccD (CWPB) smdr.c:r. 

Aluminum oxide and bath generated by skimming of ladles is sold for recycling. Domestic 
wastes will be removed from the site and disposed of in solid waste disposal sites. Spalled 
refractories and other chemically stable materials are disposed of offsite in landfill sites. 
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4.4 IMPACT ON RECEPTORS 

Contaminants of concern in the aluminium industry arc summarized in Table 8. 

Table 8 Contaminants or Concern in the Aluminium Industry 

Type of Facility 

BAUXITE 

ALUMINA 

• 
• 

Bauxite dust 
Bauxite tailings 

Contaminants 

• S~ NOx from bauxiie dryers 

• 
• 
• 

Caustic soda (NaOH) 
Sulphuric acid (H~OJ 
Red Mud 

• Burnt lime dust 
• Limestone dust 
• Alumina dust 
• Oxalates 
• S02• NOJ (boilers, calciners, etc.) 

• Hydrogen -:tuoride - vapors and particulates 
• Tar and pitch vapors (PAH) 
• Coke/pitch dust 
• Alumina 
• Cyanides and fluorides (spent pot linings) 
• Sulphur dioxide (SOJ 
• Carbon oxides 
• Cryolitelalumioum fluoride/sodium fluoride dusts 

• Cf4, q., 

The siting. design, and operation of aluminium industry bcilities (tiauxite, alumina, and 
aluminium) can have a significant effect on the enviroumcDt of the plant area. The impact on 
the various receptors in the proposed location of the plant site must be thoroughly evaluated 
before the plant is constructed. It is highly advisable and usually mandatory that an 
environmental impact assessment (EIA) be carried out at any proposed plant site. A checklist 

for carrying out an EIA is given below. 
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4.4.l Fluoride Emissfons from Aluminium Sm~lters 

Fluoride emissions. if excessive. can adversely effect the vegetation and, lhrougb th~ food 
chain. animals in the area around the plant. Vegetation is variably susceptible to fluorides. 
The impact of fluoride emissions on vegetation anci aniJwlals has been studied at length. (1)(1)(9) 

In some locations. close to farming areas, especially stock fanning areas, the amount of 
fluorides in forage may neerl to be measured and controlled, and comply with applicable 
standards. Even if emission standards arc expressed in terms of conceotration of fluorides in 
exhaust gas and/or as amount of fluorides emitted ~ tonoe of aluminium produced. the 
degree of impact on the surroundings depends on the total amount being dischMged and its 
distribution. In order to arrive at site-spccific discharge targelS that are truly sustainable. it is 
necessary to carry out adequate environmental impact studies. 

4.4.2 Spent Pot Lining (SPL) 

Spent pot lining contains soluble cyanides and fluorides. When stored in piles in the open. 
with no particular attempt to contain the cyanide and fluoride comaining leachate this may 
find ist way into and contaminate local ground and surface waters. 

In the US. a safe leak proof building on the plant site should be provided for storage of all 
SPL until it is treated. 

4.4.3 Red Mud Waste 

Although red mu.1, per se, is classified as non-bai.ardous by the US EPA it can have a 
considerable impact on the land due to its large volume. Possible impacts include: 

• area of land used and impact 011 other land users 
• seepage of alkaline or saline ieachates into groundwater 
• overflow of rainfall runoff containing salt and solids into surrounding surface 

waters 
• dust deposit.ion on surrounding land and neighbours 
• spillages resulting from dyke instablity or pipeline failures 
• unsafe conditions for personnel. wildlife etc. 
• due to high alkalinity and soft soils 
• visual impact of dykes and deposits 
• difficult surface revegetation c:ooditions 

4.4.4 Alumina Plant Process Spills and Waste Water 

Spillage or leakage of solutions from the process areas can cc1taminate ground and surface 
waters. Total containment of process solutiors should be provided including special design 
provisions for concrete slabs, peri.meler keibing, sumps for recycling to the process and 
controlled overflows to a sealed conW.nmeot system. If process solutions are allowed to 
contaminate the foundation soils then weakelling or swelling can ocasr which will exacerbate 
the leakage problem and possibly create structural problems. 

The plant waste water oould cooceiV2bly contain all of the conramioants of c:oncern listed in 
Table 8. Therefore it is imponant to design and maintain a negative water balance so that all 
process water. inclusive runoff from the red mud pond and storm water. can be recycled and 
no discharges occur. 
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5. POLLUTION PREVENTION A~ CONTROL 

S.I BAUXITE FACIUTIE.5 

S.1.1 Bauxite Dust 

a) Bauxite Dryers 

The bauxite dryers are the major potential source of dust emissions. The large amount 
of dust contained in the dryer exhaust gases must be captured before it enters the 
atmosphere. Two types of suitable equipment are available to reduce the dust load in 
lbe dryer exhaust to atmosphere. i.e. 

• electrostatic precipitators (esp) 
• bag house dust collectors. 

With proper design engineering both of lbese methods of dust collection can reduce the 
dust load exiting the dryer by 99.SS. W-dbout proper dust collection equipment, the 
surrounding area can be c:ovmd with brown bauxite dust for a kilometer or more 
depending on the prevalent. wind pattern. 

b) L.oading/Unloading of Ships. Tructs. and Railroad Cm 

Some bauxites (e.g. some Jamaican) are more dusty than odlers (e.g. Greek diasporic). 
Most bauxites will generate dust during huldling - such as when loading or unloading, 
ships, trucks and railroad cars. Typically, dust emissions O'".CUf at any transfer point 
when the bauxite is allowed to fall freely without total eodosure of the bauxite. 

With dusty bauxites, consideration should be given to the complete enclosure of the 
bauxite dust point source together with a vacuum dust pick-up to generate a negative 
pressure in the dust collecting enclosure. 

Wim less dusty bauxites, it may be possible to reduce the degree of dust formation to 
acceptable limits by the use of a water spray at the dust point source. 

c) Conveyors 

For dusty bauxites and ar~ of bigb winds it is necessary to fully enclose all 
conveyors and transfer points. The transfer points should be equipped with vacuum 
dust pick-up points which should be connected to a bag type dust collector. 

For non-dusty bauxites and in the absence of bigb winds it may not be necessary to 
install conveyor covers and it may be possible to control dust generation at conveyor 
ttansfer and discharge points with a water spray system. 

d) Truck Movement 

Dust generation on truck roads can be minllr.ized by reducing bauxite spills onto the 
roads. In vinually all mines it will be necessary to treat the road surfaces with special 
materials •. and/or spray the roads with water to lceep the dust down to reasonable 
levels. 
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e) Bauxite Stockpiles 

Bauxite stockpiles can be a source of considerable dust generation - !'>articularly in 
areas of high wind - and with dusty bauxites. This is particularly true if bauxite 
beneficiation generates a fme or superfines stockpile. This dust can be controlled by 
the use of water sprays (cannot be saline), or more expensively, by enclosure of the 
stockpile in a building. 

5.1.l Beneficiation Taili~ 

If beneficiation or ore washing are in use. a large volume of tailings may be produced. I-or 
example, on.! 5 million tons per year bauxite mine<•>, produces 1.7 million tons per year of 
tailings solids which amounts to 19-24 million tons pee year of tailings slurry at the 7-9% 
solids reponed. 

The technology of choice is to minimize the volume of this w~e by concentrating the slurry 
to a much higher percent solid.. and returning it to the mined out area. An example of 
modern practice is the use of a large intermediate pond as provided at the Trombetas mine'11

• 

In this case a special dredge is used to pump the 25~ or 30~ seale slurry from the 
intermediate pond to a series of cells built in the mined out area using overburden material. 
The slurry in these cells continues to settle to a higher- density. It is expected that 
reclamation activities will be able to stan roughly two to three years after filling individual 
cells. 

The opportunity exists to reduce the volume of tailings waste further then mentioned above 
by the use of a high-efficiency thick~. Other methods of tailings disposal include dry 
stacking, which will also permit reclamation of the tailings area in a relatively short time. and 
the use of damned sites. All play a part in tailings disposal. 

5.1.3 Bauxite Mine Rehabilitation 

The necessity for rehabilitation of the mined out areas of bauxite mines is widely recognized 
today. Rehabilitation procedures are well esW>lished among the major aluminum companies 
o0>. <11>· o2>. OJ>. Rehabilitation procedures typically include: 

• removal of topSoil and storage for replacement 
• landscaping and contouring 
• building of soil banks to stop erosion from runoff 
• ripping of the compacted areas of the mine floor 
• replacement of overburden soil 
• replacement of top soil 
• planting with suitable native trees, shrubs, grasses, etc. 
• fenilizing 

5..2 ALUMINA PLANT FACILITIES 

5.2.1 Ume Waste Minimi:zation and Disposal 

All the lime added to the process forms insoluble waste material which if. oornially discarded 
with the red m~d. The amount of this lime based waste material can be minimized by 
recycling the lime used as a filtering a:1 to digestion to displace the fresh lime which is 
usually added at this point. 



S.2.2 Waste Water 

The waste water discharge from the alumina plan· can be minimized and in certain cases 
eliminated by good process design and good operating practice, i.e., 

• minimizing the water added to the process aod maintaining a negative water l;alance 
which includes the runoff from the red mud disposal site and plant storm water, so 
that all contaminated water is recycled to the process arid none is discharged. 

• efficient segregation of condensates aod recycling to appropriate process areas. 
• efficient storm water handling. 

5.2.3 Stonn Water 

This is the water that falls as rain on the alumina plant area. All rain water tunoff is directed 
via ditches to a pond from which it is recycled as process water into the plant. In the event 
that excess rainwater is available, this water may· be diverted off-site so loog as the level of 
contaminants in the water meets the enviromneotal standards for that location. 

5.2.4 Waste Acid 

A relatively small amount of waste acid is formed from the dcscaling of beat exchangers. 
Disposal is not usually a problem. This acid can be neutralized by adding to the red mud 
immediately before pumping to the storage area. 

5.2.5 Salt Cake and Oxalate Disposal 

These materials are usually disposed of in the red mud storage area. The sodium form of the 
salts can be rendered less toxic by conversion to the calcium salt by treatment with a burnt 
lime slurry. 

5.2.6 Bauxite Dust 

The same romments apply as cited in Section·s.1.1 b), c), and e) above. In addition, alumina 
plants operate bauxite unloading equipment and bauxite storage bins. The type of equipment 
used to contain the bauxite dust will depend on bow dusty the bauxite is. The most 
restrictive, and expensive equipment is required for dusty bauxites (e.g. some Jamaican), 
which will require covered conveyors, enclosed transfer points with vacuum dust collection to 
a bag dust collector, plus dust collection facilities on all dry bauxite storage bins. 

5.2.7 Limestone Facilities 

A bag dust collection system will effectively prevent the release of limestone dust at 
limeston'"- conveyor transfer points and the limestone storage bins. 

5.2.8 Lime Kilns 

These kilns can be fired with various fuels. However. even if a high sulphur fuel is used, 
sulphur dioxide (SOJ emissions will not be a problem since most of the S02 formed from the 
fuel will be absorbed by the burnt lime in the kiln. The lime dust in the kiln exhaust can be 
removed by a bag dust collection system before exhaust release to the atmosphere. 

5.2.9 Burnt Lime Conveyors 

These conveyors will be enclosed and all transfer points plus the burnt lime bin should have 
dust pick up points coMected to a bag dust rollector. 
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S.2.10 Alumina Calcination 

Stationary or rotary calcincrs fired by natural gas or fuel oil are used. Alumina dust losses 
are usually satisfactorily controlled using electrostatic dust precipitarors. SOi. NOx, etc. 
em~ions are reduced to acceptable levels by contad with the alumina being processed in the 
kiln. However these gases will be subsequently released in the smelters. 

5.2.11 Alumina Con•eyors and Storage Silas 

Bag oust collectors can Le used to collect the fine dust generated in dine areas and tht: 
alumina ship loading station. 

5.2.12 Alumina Loading of Ships, Trucks1 le Rail Can 

The a:umina produd is often VtrJ fine and dusty. It is necessary ID tot2lly c:oataiD the 
alumina inside the loading equipment and use vacuum dust pick-up poiDIS at all equipment/ 
alumina transfer points. 

The use of telescopic alumina loading arms together with a skirt or apron at the end of the 
arm - resting on the alumina pile - plus vacuum dust pi.:k-up points provides for a practically 
dust free alumina loading operation in modem plants. Problems wida dust release may occur 
at the end of the loading phase if the seal between the alumina pile and the loader apro11 is 
lost. 

5.2.13 Red Mud Waste Minimization md Disposal 

Alumina plants typically produce a large volume of red mud waste, which can range as high 
as 2 tons of red mud solids and sand residue per ton of alumina produced by the plant. "Ibis 
mud leaves the red mud washing circuit typically as 25-30~ solids slurry which repre!ents as 
high as 3.3 million tons per year of slurry for a one million ton per year alumina plant. 
Many alumina plants today still dispose of their red mud in this form, i.e. 25-30~ slurry. 
The opportunity is available to reduce the volume of tilis waste, and several plants are doing 
this today. · 

The technolot;y of choice for the treatment of n'J mud produced by the alumina plant is, ira 
most cases, the so~led, •dry stacking• system followed by reclamation of the mud 
impouodment area. This impoundment, ideally, should be located dose to the alumina plant 
to keep pumping costs low. Topographic and soil conditions are essential parameters when 
chosing the disposa! site. 

Dry stacking, is not defined very well in the literature. For the purposes of this report, it bas 
been used to indicate a system wherein the mud is dewaterecl to a high enough solids 
concentration before deposit in a well drainecl impouodment area such tbal there is no long 
term containment of free liquor in the disposal area. The result is that the mud exerts very 
little horizontal pressure upon any dams erected to contain i~. Darns can therefore be built 
higher and thus contain more mud within a given ara and it is possible to reclaim the 
disposal site. 

There are several medlods for obtainin' the bigl; wlids concentration (over SO%) in the mud 
necessary for dry stacking. 1bree economic alternatives, which are in use today, are shown 
below: 

• Deep thickeners<SI. 
• Large diameter thickeners<•6l.<'l. 
• Rotary drum vacuum filters<3°. 
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Of these three &tematives, the vacuum filter installation would normally provide a mud 
residue with the highest percentage solids (50% - 60% ). However, it is typically the most 
expensive alternative. It is neeessary to review all the design parameters and constraints for 
any particular red mud disposal facility in order to select the best economic and 
e~wironmentally satisfactory solution. In any design the high concentration mud slurry will be 
pumped to the impoundment area where it is further dewatered and dried by evaporation to a 
low enough water content (about 25% moisture) that the mud impoundment area can be 
reclaimed and returned to its former condition. or better. 

A carefully designed dry stacking system can perform satisfactory also in areas of high 
rainfall. Low rainfall areas are particulclrly suited but the rainfall and evaporation patterns are 
more important than the total amount. 

Often the impoundment area is designed with an angle of repose. This allows the mud to flow 
and spread evenly when discharged in the impoundment, and rain water to run off the mud 
surface rapidly without serious erosion effects. 

Adequate drainage of the disposal area is essential. The rain water. together with other 
liquors. is collected in drainage ditches surrounding the impouodment. Some plants use full 
underbed drainage to enhance th~ overall dewatering performance of the mud bed<61• Whether 
or not such drainage is necessary depends on the particular mud produced and local 
conditions. Under no circumstances must rain water from the surroundings be allowed to 
enter the disposal area. 

The runoff water must be collected and stored for reuse in the plant or treated and 
discharged. If pumped to the plant for reuse, plant demand for fresh water will be reduced. 

The process of drying the mud can be speeded up by depositing the mud slurry in layers up 
to 8 cm thick"2> and lett!ng the sun dry the layer, before adding another layer of mud. The 
impoundment area is divided into separate sections, so that the mud feed can be rotated 
between these sections on a timed basis to allow sufficient time for drying of the mud to 
65 % - 75 3 before deposition of another layer. 

In certain climatic conditions, a fin.! dust can be blown off the surface of the dried red mud -
containing red mud and sodium salts (predominately sodium carbonate). In this case water 
can be sprayed on the surface to control the dusting. 

A geologic/hydrologic investigation of the subsurface of the proposed mud impoundment area 
must be done to confirm its suitability for the purpose. The mud impoundment area must be 
sealed with an impervio~ membrane, low permeability clay or synthetic membrane system, 
to protect ground watersOA>. In some situations, such as with ~ea wate,r neutralization in 
coastal areas. this may not be necessaf)/. 

Monitoring welts must be installed at strategic locations surrounding the impoundmeot area to 
make sure that no leakage of contaminants occurs. Lecokage can be easily detected by an 
increase in the pH above the normal groundwater pH. 

An excellent. up to date, review of red mud disposal is contained in reference (36) - see 
Bibliography. 

S.2.14 Reflamation or Mud Jrnpoundmenl~ 

The major problems with the reclamation of red mud impoundment~ are related to high 
alkalini:y and salinity. poor drainagt: and lack of nutrients. 
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In order to prepare the red mud in the impoundment for reclamation the mud moisture must 
be less than 25 ~. in orde.r to provide a firm, supportive surface, and the pH should be close 
enough to neutral that plant growth will oot be inhibited. 

Methods for achieving the 25~ moisture content in the mud are discussed above. In addition 
the International Primary Aluminium Institute (IPAI) has discussed methods for improving 
mud consolidation rates and leachin1 of the caustic soda from red mud (l5). 

Various methods are available <•'l for neutralization of the red mud. These include treatment 
with: seawater; gypsum and phosphoric acid waste; ferrous sulphate (copperas -
FeS0 •. 7H20); ferrous sulphate/sulphuric acid; most waste acids. 

Of these, the use of ferrous sulphate and gypsum could be beneficial in improving thf' 
capability of the red mud area to sustain plant life. Sea water neutralization has been used 
successfully 0 '> at the Queensland Alumina Plant in Australia. 

Sea water neutralization may create an excess salinity (ie. NaCl) in tbe red mud 
impoundment, however certain types of plants will grow in these conditions. Other 
investigators o7> have successfully found plants which will grow under alkaline and saline 
conditions. 

A good example of the reclamation of red mud impoundments is described by Queensland 
Alumina osi. More than 175 hectares have been successfully reclaimed. In another location 
in Western Australia, Alcoa reports '161 that, - ·Rehabilitation of several small Kwinana ponds 
is well advanced. The surfaces of the ponds have been reclaimed and commercial crops 
ranging from luceroe to vegetables have been established. Recovery of liquor from these 
ponds bas been possible by slow pumping of a sand layer which was installed immediately 
above the clay seal during construction. 

In addition, successful recultivatioo tests on red mud have been made at the Ajka Alumina 
Plant (Hungary) <111 • Successful recultivatioo <•91 was also achieved at the Almasfuzito 
Alumina Plant (Hungary). 

S.2.IS Steam and Power Generation Facilities 

The environmental problems with the steam and power generating facilities are primarily 
dependent on the type of fuel being used. In the case of natural gas, no treatment of the 
exhaust gases would be required. 

If coal is being used, consideration must be given to removing dust from the stack exhaust by 
using electrostatic precipitators (ESP's) or equivaleat. The fly ash produced can be disposed 
of in the red mud impoundment area, or other land fill. 

If the coal bas a high sulphur content, then some type of sulphur dioxide scrubber must be 
installed in order to remove the S<lz from the stack exhaust gases. A wet scrubber using a 
lime slurry are efficient in this service and would be advantageous in that th~ sludge produced 
could be added to the mud being pumped to the mud lake and help to neutralize the high pH 
liquor associated with mud. The same type of scrubber could also be used for treating the 
combustion products from burning a high sulphur fuel oil. 
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S.2.16 Alumina Plant Enrironmental Facilities Costs 

Table 9 Alumina Plant Environmental Facilities CostslDI 

Bauxite Handling 

Red Mud Filtration 

Red Mud Disposal 

Capital Costs 
(Million USS-) 

0.3 -0.8 

6.0 - 16.0 

2.5-1.5 

Starch and Lime Systems 0.9 - 2.6 

Alumina Calcination and Handling I .0 - 3.0 

Power Plant (met. SO, saubber, F.sP, 2 15.0 - 40.0 
stage combustion, coal or oil) 

•(1992 U.S. $) 

Operating and 
Maintenance Costs 
{Million US$/y~) 

Total 1.2-2.4 

Noce: Colb lhown llbovc will vary c:onsidcnbly depending on the aiu uid loc:alion of the ~-

S.3 AWMINIUM SMELTERS 

S.3.1 Treatment of Airborne Emissions 

The control of airborne emissions relies on the effective capture of fumes at the source, and a 
subsequent high level of treatment prior to discharge. 

Fume emitted from the reduction cells will largely be confined by the enclosing hooding, 
allowing its withdrawal to collecting ductwork and subsequent treatment in a dry scrubbing 
unit. This primary emission comprises on average 97 .5 percent of the total cell emissions -
the remaining 2.5 percent, the secondary emission, escapes untreated into the potroom and 
passes by means of natural draft through the roof ventilators to atmosphere. 

Potline fume - primacy emissions 

The use of dry scrubbing systems for both pot fume and anode baking furnace fume treatment 
is the most efficient and proven technology available for airborne emissions control. 

Wd. scrubbing is somd.imes used, however, it bas the disadvantage of generating large 
volumes of waste toxic liquor which subsequently bas to be treated and/or disposed of. 

The dry scrubbing process is used in several forms throughout the world, but the basic 
mechanisms and efficiencies are well understood and catalogued. The method's potential 
disadvantages lie in its recycling of minor impurities to the pots and its lack of effect on 
sulphur dioxide emissions. By strictly controlling feed alumina and coke quality, the impact 
of both these aspects is minimized. Wet scrubbing downstream of dry scrubbers is practiced 
in countries/regions with strict S02 emission limitations. Maintenance of high hooding 
efficiencie.41 and high rates of potroom air exchange ensures that working conditions remain 
satisfactory. 

Dry scrubbing does not generate waste products other than used filter bags and recycles 
valuable raw materials, i.e., up to 16 kg/t aluminur:i of oarticulate fluoride and the same 
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amount of gaseous fluoride. see Table 5. Consequently. dry scrubbing is seen to be the most 
suitable method for treating collected fume prior to discharge. 

Sea>nd3Q' Emissions 

Sewndary emissions arise as a result of the need to perform various operations on the cells. 
necessitating the removal for short periods of one or more of the cells' hood panels. The 
replacement of spent anodes provides the major source of s:icb emissions. with cells requiring 
approximately one new anode per day. The task is achieved using the pot tending 
assemblies. and involves the removal of several hooding panels for a total of about fifteen 
minutes. 

The treatment of secondary emissions exhausted through the roof ventilators is possible only 
by wet scrubbing. the volumes of air being too great to allow treatment in a dry process. 
The high volume and low contamirumt concentration of the fume result in only low scrubber 
efficiencies being· attainable even when using wet scrubbing. Efficiencies of the order of 40 
percent can be achieved only by expending large amounts of initial capital and continuing 
high inputs of operating capital and energy. The initial capita! invesanent required for such 
an installation was estimated to be $40 million (1980). The additional electricity 
requirements is 300 kWb/t aluminum. In addition. a large volume of liquid effluent is 
produced. For these reasons. the scrubbing of roof emissions cannot be justified from either 
the standpoint of effectiveness, energy conservation or economics. 

Anode Bake Oven Emissions 

The technology of choice for treaunent of anode bake oven emissions varies depending on the 
type of oven but is generally the alcmina dry scrubbing process. This treatment bas the major 
advantage of being free of waste products. all enriched alumina and absorbed material being 
recycled directly to the reduction cells. The high scrubbing efficiency combined with 
relatively low source emission rates result in the bake oven contributing to overall plant 
emissions in a very minor way. 

Wet electrostatic precipitators (ESP;-;) can be used to effectively remove both tars and 
fluorides and a portion of the sulphur dioxide. However. a liquid effluent rich in both 
fluorides and hydrocarbons is created, with major subsequent disposal problems. Dry ESPs 
are used on some furnaces to collect tar for reuse. No liquid effluent is then generated. 

As a result of these factors. alumina dry scrubbing is considered to be the only feasible alter
native for the treatment of anode bake oven emissions. 

The relevant levels of efficiency for fume capture and treannent are listed in Table 10. On 
the basis of typical source evolution rates. Tables. and the treatment efficiencies in Table 10, 
the total plant airborne emissions are detailed in Table 11. Ninety seven percent of all 
fluorides emitted in the process are captured and recycled. 
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Table 10 Smelter Fume Capture and Treatment FJlicimq ror BACfCt> 

Item 

Caprure efficiency (Hooding) 

Caprure efficiency 

Dry scrubber efficiency (pot fumes) 

Dry scrubber efficiency (Anode
- Baking furnace) 

Target Speci~ 

Pot Fume 

Anode furnace fume 

- Gaseous fluoride 

- Particulates 

- Sulphur dioxide 

- Gaseous Fluoride 

-Tar vapor 

- Carbon particulates 

Efficienc~ 
(%) 

97.5 

100 

99.5 

99 

Zero 

90 

90 

90 

"Dcriw4 from avc: ... ging or Environmmal lrnpacl Slm:mc-.u for various anclraa, ... from 
IUJIPlicn or dry ICNbbing l)'llam, us EPA llUdics or fluoride emissions from lmdrcn, and KaDu 
Enginecn design dala. 

Table 11 Airborne £.mission Rates ror BACT 011 

OuantiJr 
Emission (kg/t Al) Monitoring 

Potroom room Gaseous fluoride, f g 0.4 Continuous at 
Paniculate fluoride, Fp 0.4 vents, plus local 
Sulphur dioxide, SOz" 0.6 checks. 

Potgas dry scrubbers Gaseous fluoride, Fg 0.08 Continuous on 
Paniculate fluoride, Fp 0.08 stack. 
Sulphur dioxide" 23.4 

Anode furnace dry scrubber Gaseous fluoride, Fg 0.03 Continuous on 
Particulate fluoride, Fp nil stack. 
Carbon paniculates< 0.01 
Tar vapo~ 0.06 
Sulphur dioxide" 0.8 

•ocrivcd from avcBging of EnvironmeruJ Impact Stalcmenls for various ll'llChcn, dala from 1Upplien of dry 
.crubbing l)'IC.cms, US EPA lllldics of l\uoridc crniuions from •mckc:n, and Kai.er En,imcn daip dala. 
~epcnds on 1Ulphur corUnl in pitch and coke. (SOz Wd 1e:rubbing downltrcam of dry ICIUbbcn, comiderrd BACT 
in many c:ounlricalrcgions, noc accounlcd for.) 
"or IOCal particulalce. High molecular YICigli PAH arc adtorbcd on the 1Urf11CC. 
4or gueou1 hydrocarbons, which include PAH. • 
Nocc: The umpling, analysis and definition of IOCaJ PAH variea and ii 1Uhjcd lo ilKmllional llandanlizdioa. 

S.3.2 Spent Pot Uning Minimization, Treatment and Disposal 

Spent pot lining (SPL) constitutes a major hazardous wa.~te problem from aluminum smelters. 
Spent pot linings are removed from the electrolytic cells after failure of the lining, typically 
due to cracking and/or heaving of the lining. 
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Construc.taon and operation of the cell an have a significant effect on the life of the pot 
lining leading to a large variation in pot life from 3-10 ~- lbe opportunity exists for 
reducing the amount of SPL produced by a i;lant if cathode construction and cell operating 
techniques are used which increase the life of the SPL to a maximum. Reducing the number 
of pot liners which fail at less than S-6 years would be a significant reduction. 

Various processes are available in relation to the treatment, recycling and disposal of spent 
pot lining (cathode waste) generated by the plant, these include cryolite recoverfJlll, recycling 
SPL in cement<D». steel, mineral wool, and bricks. Also recovery of carbon through steam 
hyrlration is in practice i~ one smdter. 

Further research is conceotnting OD reclaiming and recycling of valuable constituents and/or 
energy, and transformation of toxic components into other forms. Techniques considered or 
investigated include the following: 

• Cryolite recovery by extraction with caustic soda 
• Extraction with lime 
• Calcination~- 011t 

• Digestion with strong acids 
• Recycle of SPL through Pot AnodesC77l 
• Recycle of SPL through Pot CadJodesOI> 
• Circulating Bed Combustion of SPL (JI) 

• Treatment in vortex burners 
• Pyrohydrolysis process, etc. 

Within the industry. to date, returns achieved in the form of reusable chemical components or 
energy have rarely provided an economic justification for the processing involved. 

The most common disposal method bas been engineered land fitls. Engineered landfill relies 
on the burial of dry cathode waste within pits or cells physically separated from potentially 
impacted surrounding systems. 

Disposal pits esublisbed on the site, lined with clay and/or artificial liners, provide a high 
levcl of security to the surrounding environment. however it is not possible to guarantee that 
no leakage would occur after the passage of locg periods of time, extending beyond the 
operating life of the plant. The detection of leaks would be relatively easy, but it is probable 
that any remedial action would be difficult and expensive. 

In the case of the use of clay or plastic lined cells, typical operating procedure includes the 
following: 

• Construction of approximately 2 m deep pits, lined with clay and/or ooe or more 
layers of specialized synthetic liners (e.g., elasticized polyolefin). 

• Provision of a layer of soil over the lining to prevent mechanical damage during 
waste dumping. · 

• Use of ooly one pit at any time. Pump out ·of rainfall and removal through 
evaporation of any contaminated water. 

• Immediate covering and sealing of pits (with clay and/or plastic sheeting) wbeo full. 
• Provision of monitoring points beneath and surrounding pits, using a system of 

horizontal drains and vertical bores. 

The principle of operation of disposal cells within competent clay is similar, with the choice 
of location in this ca~e depending on the availability of clay in sufficient thickness and of 
suitably low permeability to allow the excavation of cells directly into the stratum. The 
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relative long tenn security of these disposal strategies varies acoording to the specific 
characteristics of the geograpbk area under study. 

Intermediate storage of SPL under roof in a building with a CXJOCRte floor is practiced in 
many places. This prevents rain water from tramferring contaminants from the SPL to the 
environment. 

5.3.3 Aluminium Smelter F.nYironmmtal Facilities ~ 

Table 12 Aluminium Smelter EnTinnmmtal Facilities cesas= 

Carbon Plant 

Potroom 

Casting Facilities 

Capital Costs 
(Million Uss-) 

6-16 

0.3 -0.5 

0.3 -0.5 

Fume Control System (Potrooni + Carbon Plant) 30 - 80 

General 

Wastewater 

Materials Handling 

•(1992 u_s_ S> 

2-5 

0.7 - 1.8 

1.1 - 3.3 

Qpmting:IOC 
Maintenancc Costs 
(Million USS/year-) 

Total 2.5 - 5.<' 

"Savings from RCOVeraf nwlCriab POl indudcd. Rcicovay of' 2S q fluoride per laaae of' aluminium would Jicld 
savings of about MUSS2.5 .....ny for a 100,000 tom per yar plmil MMllin& a n.-idc prict of' USSI .CXJO per 
~- The opcniling cosc. for all air deaning (dsy ICJUbbing) fa:ililim for IUda a pin would be arouad 
MUSS U-2.0. 
Note: C<>sU shown above will vary ~ clcpcftdin& oa lk mc ml locllioD of' b pin. 

6. OCCUPATIONAL HEALm AND SAFETY ISSUES 

The regulations of industrial health and safety which apply in the mining, chemical and 
process industries, particularly in the alkaline extractive industries, should be implemented to 
protect the worker and make the working environmear safe. Raw materials, equipment, 
machinery, product, by-product, solid wastes, air emmioos and liquid effluents, noise and 
heat should all be characterized, evaluated and st.aDdanls set and mechanisms established for 
their monitoring and control. Worker protection devices and methods for monitoring their 
use should be issued and implemented. Monitoring systems should aim for consistency, 
regularity, efficiency and effectiveness. A medical clinic should be established within the 
plant. Workers should be involved in safety and health management planning and their 
implementation. In designing the facilities provisions should be made for: 

• Safe storage. transportation and handling of chemicals. 
• Establishment of standards for safe periods of exposure to toxic and other chemicals, heat 

11\d noise. Standards for occupational exposure limits for airborne contaminants are 
Cl)ntained'in the Appendix. 

• Safety regulations to be established, monitored and regularly audited and workers to be 
u ained and instructed to follow them. 



-29-

• Periodic inspection of the plant to be carrie.d out by independent inspectors, usually from 
a government organization, to ensure that safe working coodition.s are maintained, in 
accordance with local legislation. 

• A system of reporting accidents and their investigarion to be established. 
• An industrial health dinic to be established at the plant site if no such facilities are 

available in the vicinity. 
• A health protection program should be developed and implemented including periodic 

monitoring of workers' exposure and health condition (fluorine content in urine, lung 
function, hearing acuity et:c.r- •-IOI_ 

• Providing workers with appropriate safety equipment and ergonomic apparel. Wearing 
of respir.dory and ear protection should be mandatory in areas of the plant where 
personal exposure exceeds legally enforceable occupational exposure limits, and 
encouraged in other areas. 

• Continuous noise exposure (8 hours per day) to workers on the plant site should be less 
than 90 dBa. preferably less than 85 dBa. Engineeced noise controls should be 
incorporated into the plant design to protect botll plant employees from auditory damage, 
and the surrounding community, if any, from nuisance noise. lo addition, all plant 
mobile equipme&t and air oompressors must be fitted with efficient silencers. 

The main health and safety hazards to which workers may be exposed are: 

• Electrolytic Cell Fumes - (See 4.3.1 for details of fume constituents). The atmosphere in 
the potroom can become hazardous if the systems for capturing and removing pot fumes 
are not designed and operated properly. Breathing masks must be available and used by 
pot room operators. 

• In the re-melt operations molten metal explosions are possible which can lead to serious 
injury. Extreme care should be taken when charging metal or scrap material to lbe cast
house furnace to ensure no entrapped water is present 

7. GWBAL OVERVIEW OF DISCHARGE REQUIREI\fENTS 

This section contains a sampling of discharge standards/guidelines frorr. ...:.-~e countries where 
major bauxite, alumina, or aluminium facilities exist today. Considering lbat sampling and 
anal)1ical methods vary from one country to another, oomparisons are not always 
straigthforward. Differe.1ces in discharge standards may also reflect that similar emissions can 
cause different effects in diverse environments. 

7.1 PARTICULATE STANDARDS 

The emission standard of 50 mg/dsm1 is applied by the U.S. FJ>A for alumina handling 
operations. Japan bas an emission standard of 100 mg/m' for reaction furnaces, which is 
applicable to alumina and aluminum processes. 

A particulate emission standard of 30 mg/m3, or 5 kg/t Al, is enforced in West Germany for 
aluminium smelters. Britain has an emission standard of 120 mglm' for aluminum smelters. 
New Zealand ha.~ a particulate emission standard of 100 mg/m' for all ferrous and nonferrous 
processes. 

Me~ico ha.~ regulations that require 80% paniculate emission control for smelting furnace 
ga.~es. 
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In Sweden paniculate emission Sbndards for ooe smelter are 8 kg/toMe aluminium for 
vertical Soderberg cells (VSE) and 1.5 kg/tonne aluminium for point fed prebaked electrode 
(PFPB) cells. 

7.2 FLUORIDE Sf ANDARDS 

The U.S. EPA fluoride emission sundards for new aluminunt smelters are 1 k:g/t aluminum 
(30 day a\~e.p<>troom). . 

In Sweden, fluoride emission stmdanls are I kg total/tonne aluminium for VSE cells and 0.5 
kg toW pee tonne aluminium for PFPB cells, in one smelter. 

Austraiia's fluoride emission standard from smelters is 50 mg/m3 in the exhaust gases. Japan 
and Gennany have a fluoride emission limit of LO mg/rr in aluminum reduction gases. The 
German regulation also specifies lhat HF should not exceed a daily average of 0.5 kg/t Al. 

7.3 OPACITY SI'ANDARDS 

The standard enforced by the U.S. EPA for smelter emissions is IOS (potroom) aod 20S 
(anode bake area). Britain bas an opacity standard of Ringelnwm D for the exhaust gas from 
a stationary source. A RingelmaDia m staDdml for exhaust gases bas beeo adopted by 
Columbia. Opacity standards of Ringelowm m and R.ingdmmn IV have been adopted by the 
Philippines and Guam, rcspectivdy. However, opacity SW1dards would hardly be relevant 
for st2ck emissions of modern smelters using BACT, since the emissions are nearly invisible. 

7.4 POWER AND/OR STEAM GFRERA110N F.MISSION SI'ANDARDS 

Power and/or steam producing facilities are fn:qucntly an integral part of alumina plants and 
aluminium smelters, and must be considered a possible source of air pollution in the 
aluminium industry. The major pollutants of the exhaust from these facilities are particulates, 
sulfur dioxide and nitrous oxides. Another doalmeot in this series deals exclusively with 
power generating plants. 

7.S WASTEWATER CONTROL STANDARDS 

Some of the companies producing alumina and aluminum are locatfd in countries commonly 
referred to as Least Developed Countries (LDC's). Standards for wastewater discharges from 
such industries are scant. 

7.S.1 Standards in the United States 

The United States standards for wastewater discharges for new primary aluminium smelters 
are given in Table 13. The US standards for ne-wr alumina producing facilities do not allow 
any discharge of process wastewater pollutants to navigable waters. 
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Table 13 U.S. EPA Standards ror Wastewater Discharge from 
Aluminum Smelters 

Effluent 
f. haracteristic 

Auoride 

Total Suspended Solids 

pH 

MaYimum for 
any one day 

Average of daily values 
for 30 conse.cutive days 
shall not exceed 

{kg/I 00 leg of product) 

0.05 0.025 

0.01 0.05 

Within the range of 6.0 to 9.0 

7.5.2 Wastewater Standards in Other Countries 

In general, most countries outside the Unit:d States have adopted a policy for wastewater 
discharge based on a ·site specific• evaluation of the environment in the vicinity of the non
ferrous metals smelting and/or refining plant. The United Kingdom. for example, • ... sees 
little justification for (pollution control) systems based on fixed concentrations of pollutants in 
effluents regardless of the nature and use of the receiving body in which the effluent flows.• 

The State of Bahrain's standards for nonferrous metals' wastewater discharges to the sea are 
shown in Table 14. 

Table 14 Standards for Wastewater Discharges to the Sea 
from Non-ferrous Metals Operations {Bahrain) 

Allowable Discharge 
Material to the Sea. mg/I 

Total Suspended Solids 

Chemical Oxygen Demand 

Aluminum 

Copper 

Lead 

Zinc 

pH 

7.6 NOISE STANDARDS 

200 

IGO 

10 

I(• 

6.0 to 9.0 

Noise standards are generally applicable to every industry and applied to all the process and 
material handling areas. 

7 .6.1 Standards in the United States 

The OSHA (Occupational Safety and Health Administration) of the United States permits 
eight hours per day exposure to noise levels of 90 dBa. The exposure time limit is halved for 
each 5 dBa incre.ase up to the maximum permitted continuous noise level of I IS dBa. 
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Community noise codes are generally based on annoyance and sleep interference. Permitted 
levels for noise that intru~es on residential properties are much lower than permitted levels 
within the pl.mts. The various i!tdustrial and city standards in the United States generally 
allows continuous noise levels to be between 60 to 65 dBa during the day and 50 to 55 dBa 
during night time, due to industrial operation. 

7 .6.2 Noise Standards in Other Countrits 

Continuous equipment noise exposure (8 hours per day) to a level above 90 dBa will 
substantially increase the risk of developing a hearing handicap. Many countries therefore 
draw the line for 8 hours exposure at 85 dBa. 

Permitted conununity noise levels in Sweden and Norway at nearest residental quarters are 50 
dBa during the day, 45 dBa during the night, 45 dBa during weekend day and 40 dBa during 
weekend nights. These levels apply to new and retro-fitted facilities only. 

8. TARGET/PREFERRED GUIDELINES 

As environmental conditions vary .. from place to place, an environmental impact assessment 
should be carried out to decide what levels of discharges are acceptable and satisfy local 
ambient environmental quality standards. In the absence of local ambient air quality standards 
Table 15 may be used for guidance. Water quality standards vary with the intended use of the 
receiving water body. 

The determination of permissible discharge levels involves determining background levels for 
each pollutant of concern as well as other emission sources in the area. Mathematical 
dispersion models would then have to be applied to tailor the discharges to the desired 
environmental quality. 

For air emissions, not only stack discharges but also fugitive emissions will have to be · 
considered. For practical reasons, the plant fence is generally taken as the physical point in 
which compliance to the air quality standard should be checked by the appropriate body. 
Other physical points identified as critical by the dispersion model and the EIA may also be 
designated as compliance check points. 

The discharge targets thus selected should reflect the most cost-effective compromise between 
environmental and economic considerations at the project site. The BACT (Best Available 
Control Technology), described in Section 5, and especially Table 11, are examples of the 
results of this compromise between the environment and economics, and can be used for 
guidance when setting air emission targets. United States standards for wastewater discharges 
from new facilities (Section 7 .5.1) may be used for guidance when deciding on effluent 
standards. 

However, to reach the design discharge targets (be it stack or fugitive air emissions or liquid 
effluents), the technology has also to be operated efficiently. This calls for qualified 
operators, good standard of maintenance, proper operating procedures, and management 
conunitment to achieving environmental goals manifested in a transparent system to monitor, 
control and repon on environmental discharges. 
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Table 15 Ambient Air Quality Standards in Selected Aluminium Produd°' Countries 

Country 

Australiac 

Germany 

Hugary 

Canada 

Fluorid§ 
(µg/m') 

0 . .51' 

LO" 

3.0" 

o.~ 

Sul&IDur DK!xide Particulates 
(pg/m1) (µg/m') 

50" 90" 

140" 150' 

1cr 50" 

30" <-l1 

Soun:e: Cochran L S; Pidb R A; Sdec:tc:d lllk:mllioaal Recc:pcor-Bual Air QuUity Studarda. Journal 
of Air and Wute Mwgcmc:nt. December 1992. Volume 42, No.12, p.IS68-IS69. 

9. MONITORING REQUIRE:MENTS 

Information on monitoring requirements for aluminium smelters is given in Table 11. 
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IV. THRFSHOLD LIMIT VAUJF.S 

Table 16 Regulatory Threshold Llmit Values (l'LV) for Aluminium Industry Workers 

Item 

L Fluoride CUSA. N!OSJ:!) 

• HF as F 
• Particulate Fluorides as F 
• Total HF as F and Particulate 

Fluorides as F 
• F- in urine (*) 

and 

2. Other Contaminants CUSA} 

• S02 

• Total Suspended Particulate 

3. Coal Tar Pitch Volatiles CUS-Al 

• Benzene Soluble Organics 

4. Poly:cy:clic Aromatic Hy:drocarb'Jns <PAH} 
(Gas Chromatography/HPLC) 

• Norway -Total PAH 

• Sweden - Benso (a)pyrene alone 

5. Noise 

• USA - OSHA 

• USA - ACGIH 

Threshold Limit Value 01..Vl 

2 mg/m1 

2.5 mg/m1 

2.5 mg/m1 

4 mgn preshift after 48 h. of non-exposure 
7 mgn postshift taken on 4th or later day of 
the workweek 

5 mg/m1 

10 mg/m1 (respirable 5 mg/m1) 

0.2 mg/m' 

40 µg/m1 

5 µg/m3 

90dBA 

85 dBA 

These values are time weighted average concentration.~ for ~ nonnal 8-bour workday or 40-
hour workweek. 

(*)Nu an official TLV, but applied at many 1melterw. Both of lhcK value1of4 mg/I and 7 mg/I~ applicable lO 

work groups (e.g. anode changer, apilcc ldll;n, de.) and the number rcpracnu gcomc:tric mean valuc. for each of 
lhcsc: individual job groups. 
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V. GLOSSARY OF ENVIRONMENTAL TF.RMS (Ml 

Adsorption: 1. Adhesion of molecules of gas, liquid. or dissolved solids to a surface. 2. An 
advanced method of treating wastes in which activated carbon removes organic matter from 
wastewater. 

Airborne Particulates: Total suspended particulate matter found in the !ltmosphere as solid 
particles or liquid droplets. Olemical composition of particulates varies widely, depending 
on location and time of year. Airborne particulates include: windblown dust, emissions from 
industrial processes. smoke from the burning of wood and coal. and the exhaust of motor 
vehicles. 

Air Pollutant: Any substance in air which could, if in high enough concentration, harm 
man. other animals, vegetation. or material. Pollutants may include almost any natural or 
artificial composition of matter capable of being airborne. They may be in the form of solid 
particles. liquid droplets, gases, or in combinations of these forms. Generally. they fall into 
two main groups: (I) those emitted directly from identifiable sources and (2) those produces 
in the air by interaction between two or more primary pollutants, or by reaction with normal 
atmospheric constituents, with or without pbotoaclivatioo. Exclusive of pollen, fog, and dust. 
which &e of natural origin, about 100 cooramioants have been identified and fall into the 
foilowing categories: solids, sulfur compounds, volatile organic chemicals, nitrogen 
compounds, oxygen compot!nds, halogen compounds, radioactive compounds. and odors. 

Air Quality Criteria: The levels of poHutioo and lengths of exposure above which adverse 
health and welfare effects may occur. 

Air Quality Standards: The level of pollutants prescribed by regulations that may not be 
exceeded during a specified time in a defined area. 

BACT-Best Available Control Technology: Ao emissiora limitation based oo the maximum 
degree of emission reduction which (considering energy, environmental, and economic 
impacts, and other costs) is achievable through application of production pr~es and 
available methods, systems, and techoiqJes. In no event does BACT permit emissions in 
excess of those allowed under any applicable Clean Air Act provisions. Use of the BACT 
concept is allowable on a case by case basis for major new or modified emissions sources in 
attainment areas and applies to each regulated pollutant. 

Baghouse Filter: Large fabric bag, usually made of glass fibers, used to collect small, 
intennediate and large particles. This device operates in a way similar to the bag of an 
electric vacuum cleaner, passing the air and smaller particulate matter, while entrapping the 
larger particulates. NB Dry scrubbers for reduClion cell flue gases use bag filters, but not of 
glass fibers since glass is chemically attacked by fluorides. 

Caustic Soda: Sodium hydroxide, a strong alkaline substance used as the cleaning agent in 
some detergents. 

Contaminant: Any physical, chemical, biological, or radiological substance or rntter that 
has an adverse affect on air, water, or soil. 

CWPB-PBF: Center worked electrolytic cell with prebalced anodes and a point breaker 
feeder. 

d'im3
: Milligrams per dry s:andard cubic meter 
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Effluent: Wastewater-treated or untreated-that flows out of a treannent plant, sewer, or 
industrial outfall. Generally refers to wastes discharged into surfa~ waters. 

Electrostatic Precipitator (ESP): An air pollution control device that removes particles 
from a gas stream (smoke) after combustion occurs. The ESP imparts an electrical chacge to 
the particles, causing them to adhere to metal plates inside the precipitator. IYpping on the 
plates causes the particles to fall into a hopper for disposal. 

Emission: Pollution discharged into the atmosphere from smokestacks, other vents, and 
surface areas of commercial or industrial facilities; from residential chimneys; and from 
motor vehicle, locomotive, or aircraft exhausts. 

Emission Standard: The maximum amount of air polluting discharge legally allowed from a 
single source, mobile or stationary. 

F.nvironmmtal lmpad Statement: A document required of federal agencies by the National 
Environmental Policy Act for major projects or legislative proposals significantly affecting 
the environment. A tool for decision making, it describes the positive and negative effects of 
the undertaking and lists alternative actions. 

Flue Gas: Vented air coming out of a chimney after combustion in the burner. It can 
include nitrogen oxides, carbon ex ides, water vapor. sulfur oxides, particles, and many 
chemical pollutants. 

Fluorides: Gaseous. solid, or dissolved c.ompounds c.ontaining fluorine that result from 
industrial processes; excessive amounts in food can lead to fluorosis. 

Fluorosis: An abnormal condition caused by excessive intake of fluorine, characterized 
chiefly by mottling of the teeth. 

Fresh Water: Water that generally c.ontains less than 1,000 milli~-per-liter of dissolved 
solids. 

Fugitive Emis.4iion.4i: Emissions not caught by a capture system. 

Fume: Tiny particles trapped in vapor in a gas stream. 

Ground Water: The supply of fresh water found beneath the Earth's surface (usually in 
aquifers) which is often used for supplying wells and springs. Because ground water is a 
major source of drinking water there is growing concern over areas where leaching 
agricult1.1raJ or industrial pollutants or substances from leaking underground storage tanks are 
contaminating ground water. 

Haurdous Air Pollutants: Air pollutanlo;; which are not c.overed by ambient air quality 
standards but which, as defined in the Clean Air Act, may reasonably be expected to cause or 
c.ontribute to irreversible illness or death. Such pollutants include asbestos. beryllium, 
mercury, benzene, coke oven emissions, radionuclides, and vinyl chloride. 

Hazardous Wa4ite: By-products of society ttiat can pose a substantial or potential hazard to 
human health or the environment when improperly managed. Possesses at least one of four 
characteristics (ignitahility, c.orrosivity. reactivity, or toxicity), or appears on special EPA 
lists. 
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Hood upture Efficiency: The emissions from a process which are C3plUCCld by hood and 
directed into the control device, expressed as a percent of all emissions. 

lmpoundment: A body of water or sludge confined by a dam. dikf". floodgate, or other 
barrier. 

Landfills: l. Sanitary landfills are land disposal sites for non-hazardGus solid wastes at 
which the waste is spread in layers, compacted to the smallest practical volume. and cover 
material applied at the end of each operating day. 2. Secure chemical landfills are disposal 
sites for hazardous waste. They are selected and designed to minimize the chance of release 
of hazardous substances into the environment. 

Liner: 1. A relatively impermeable barrier designed to prevent leachate from leaking from a 
landfill. Liner materials include plastic and dense clay. 2. An insert or sleeve for sewer 
pipes to prevent leakage or infiltration. 

Mobile Source: A moving producer of air pollution. mainly forms of tramportation such as 
cars, trucks, motorcycles, airplanes. 

Monitoring Wells: Wells drilled at a hazardous waste management facility or Superfund site 
to coilect ground-water samples for the purpose of physical, chemical. or biological analysis 
to detennine the amounts, types, and distribution of contaminants in the ground water beneath 
the site. 

Neutraliution: Decreasing the acidity or alkalinity of a substance by adding to it alkaline or 
acidic materials, respectively. 

Nitrogen Oxide (NOx): Product of combustion from transportation and stationary sources 
and a major contributor to acid deposition and the formation of ground level ozone in the 
troposphere. 

• Opacity: The amoi..mt of light obscured by particulate pollution in the air; clear window 
glass has zero opacity. a brick wall 100 percent opacity. Opacity is used as an indicator of 
changes in performance of particulate matter pollution control systems. 

Red mud: Residue from the Bayer alumina process containing mainly bauxite and sand. 

Runoff: That part of precipitation, snow melt, or irrigation water that runs off the land into 
streaim or other surface-water. It can carry pollutanlS from the air and land into the 
receiving waters. 

Salinity: The degree of salt in water. 

Scruhher: An air pollution device that uses a spray of water or reactant or a dry process to 
trap pollutants in emissions. 

Sulfur Dioxide (SOJ): A heavy, pungent, colorless, ga.~eous air pollutant formed primarily 
by industrial fossil fuel comhustion pro.:ess~. 

Tailin~s: Re.~idue of raw materials or waste separated out during the processing of crops or 
mineral ores. 

Threshold Limit Value (TLV): Repre.-;crats the air concentrations of chemical substances to 
which it is believed that workers may he exposed daily without adverse effect. 
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Well: A bored. drilled. or driven shm or a dug hole. whose depth is greater than the largest 
surface dimension and whose purpose is to reach underground water supplies or oil. or to 
store or bury fluids below ground. 

Well Monitoring: The measurement. by on-site instruments or laboratory medlods. of the 
qu:ality of water in a well. 




