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Summary and recommendations 
The Western Australian Department of Agriculture has agreed to be nominated as the proponent to 
facilitate the widespread use of bauxite residue in the Peel-Harvey Coastal Plain Catchment. The 
Department of Agriculture has pursued this proposal to fulfil its dual role in the Peel-Harvey Coastal 
Plain Catchment of developing sustainable agriculture and reducing phosphorus loads to the Peel
Harvey Estuary. In accepting a role as proponent the Department of Agriculture is expected to also 
have a role in marketing of bauxite residue and ensuring any environmental conditions set by the 
Minister for the Environment in response to this assessment are met. 

Bauxite residue is a by-product of the alumina industry and when used as a soil amendment can 
significantly reduce phosphorus losses to the environment by soil absorption mechanisms. The 
success of bauxite residue in reducing phosphorus losses from agriculture to the Peel-Harvey Estuary 
will be monitored in accordance with environmental conditions set by the Minister for the 
Environment for the Peel-Harvey Estuary Management Strategy - Stage 2. 

The Public Envlronn1ental Rcvicvv docu1nent referred to a wide range of potential uses for bauxite 
residue. However. the Environmental Protection Authority considered that sufficient information to 
permit adequate environmental assessment was provided only for broad-scale use as a soil 
amendment ior ~xisting agricultural and horticultural properties. Accordingly this 
assessment only considers these uses. 

This proposal was referred to the Authority in October 1992. Following consideration of the Pnblic 
Environmental Review document and the proponent's response to pnblic submissions which wa5 
received on I 0 August 1993, the Authority has concluded that the proposal is environmentally 
acceptable. 

Recomtnendation 1 

The Environmental Protection Authority concludes that the proposal by the Western 
Australian Departittent of Agricuiture for the widespread usc of bauxite residue for 
existing IHoadacre agriculture and horticulture in the Peel-Harvey Coastal Plain 
Catchment is environmentally acceptable. 

In reaching this conclusion the Environmental Protection Authority identified the 
main environmental factors requiring detailed consideration as: 

• the lilu~ly effects of bauxite residue based on the physical and chemical 
characteristics of bauxite t-csidue, particu;~u:iy a!kalinHy, salts, heavy metals and 
particle size; 

0 ensuring 

• potential 

• potentia! 

• potential 

responsihie use of bauxite residue 
impacts on flm·a; 
impacts on freshwater and estuarine wetlands; 

impacts from changes to soil permeability; and 
o the need fm· monitoring and for monitoring resnlts to be reflected in responsible 

use. 
The Environmental Protection Authority concludes that the environmental factors 
mentioned above have been addressed adequately by either environmental 
management commitments given by the proponent or by the Environmental 
Protection Authol'ity's recommendations in this report. 

Accordingir, the Environn1ental Protection Authority recommends that the nrooosal 
could proc~ed subject to: · • • 

• the Environn1cntai Protection Authority's recommendations in this Assessment 
Report; and 

• the proponents commitments (See Appendix 1) . 



The approach taken by the Environmental Protection Authority in this reaching this conclusion was to 
consider the physical and chemical characteristics of bauxite residue in association with research 
undertaken in respect of those characteristics, and then to consider the potential impacts that could 
result on a catchment level and on sensitive or important environments. These considerations are 
summarised below. 

Characteristics of bauxite 1·esidue 

Alkalinity 

Bauxite residue which is dry enough for broad-scale agricultural use is quite strongly alkaline (it has a 
total soluble alkalinity of 25 to 35 g/L and has a pH in a fully carbonated state of I 0.8). In contrast 
the soils and wetlands of the Peel-Harvey Coastal Plain Catchment are generally quite acid with a low 
pH. 

The effect of this alkalinity on the pH of soil and water leaving the soil can be reduced by adding 
gypsum. Ho-.vever, adding gypsun1 causes an increase in Total Soluble Salts. 

Total Solub/ e Salts 

Research into Total Soluble Salt loads in leachate from bauxite residue indicates that loadings from the 
application of bauxite residue are not likely to be of concern, even with the addition of gypsum. 

Trace elem.ents and heavy metals 

Bauxite residue contains a number of trace elements and heavy metals as do soils of the Darling 
Range. Most elements are tightly bound and would require exceptional circumstances such as 
immersion in concentrated acid to be released. However, tberc is an initial release of small amounts of 
some clements such as arsenic, fluoride and aluminium immediately after application. Aluminium 
1evels in soil leachate appear to exceed the Australian Water Quality Guidelines for the protection of 
aquatic ecosystems whether or not amended with bauxite residue. Unless a large percentage of a 
catchment is treated at once the initial releases of elements would not cause unacceptable levels in the 
environment. 

Reduced soil pernzeability and increased surj[zceflow 

The penneability of a soil decreases with the percentage of bauxite residue to sand. As mixing is not 
proposed (except for horticulture), the percentage of bauxite residue in the top layer could be quite 
high. Also, bauxite residue is mostly fine particles which can act like a silt and form an impermeable 
crust on the soil surface. Significant increases in surface water run-off volumes, from 550 to 
800 mm of rainfall, were recorded in a catchment with soils amended at 80 t/ha with red mud 
gypsum. 

Other charucterisiics 

The fine nature of bauxite residue can cause dust, turbidiiy and staining. Experience 1-:-aas sho;,vn that 
the fine particles n1ove down into pore spaces in the sand. 

The cumulative application rate and degree of soil mixing are key factors which influence the potential 
environmentai effects. 

Code of Practice 

The Department of Agriculture proposes to develop a Code of Practice to ensure responsible use of 
tn1uxite residue. The Code V/Ould address a \vide range of issues. Environn1cntol issues of concern 
are noted in the recommendation below. 

Recommendation 2 

The Environmental Protection Authority recommends that, prior to widespread use 
of bauxite residue commencing, the proponent prepare a Code of Practice, 
incorpornting cnvironmentai issues, which includes but is not iimited to 
consideration of: 

• dust control during transport and application; 

• assessment of optimum application rate based on changes to pH; 
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• separation distance from soil amended areas to remnant vegetation or 
watercourses; and 

• frequency of review of the Code of Practice to incorporate management 
recommendations gained fmm experience and monitoring of bauxite use; 

to the requirements of the Environmental Protection Authority. 

The Environmental Protection Authority recommends that Department of Agriculture 
monitor, and seck to ensure, compliance with environmental aspects of the Code of 
Practice. 

Use in Underground Water Pollution Control Areas 

The Water Authority of Western Australia would like to monitor and if necessary control the use of 
bauxite residue in Underground Water Pollution Control Areas (UWPCAs). The Environmental 
Protection Authority considers that the Depart1ncnt of Agriculture should refer proposals for bauxite 
residue usc within UWPCAs to the Water Authority. The Water Authority may then usc or amend its 
by-laws to control bauxite residue usc if needed. Proponents should be advised of referrals. 

Potential catch1nent wide iinpacts 

Research undertaken to date has concentrated on application rates of 80 t/ha or more and has not 
considered the effect of different land-use practices on soil mixing and the subsequent changes to soil 
permeability. This research should be undertaken to provide recommendations for the Code of 
Practice and provide a more detailed assessment of potential catchment wide impacts, particularly with 
respect to the impacts from repeated applications of bauxite residue to paslure. 

Recommendation 3 

The Environmental Protection Authority recommends that within six months of 
commencement of widespread use of bauxite residue the proponent develops and 
then implentents a research progratn which evaluates the following potential 
environmental effects for a range of application rates and subsequent soil mixing 
scenarios: 

• changes to soil permeability; 

cnanges to su:·face water runoff t1Jnv patterns and voiumes~ and 

• changes to pH of surface water run-off; 

to the l'equircmcnts of the Environmental Protection Authority on advice of the 
Chemistry Centl'e of Western Australia. 

The Environmental Protection Authority recommends that the results of the research 
program be made available to the public and the Authority, 

Monitoring catchment wide impacts and important components of the environment 

Important components of the environment in the Peel-Harvey Coastal Plain Catchment are remnant 
vegetation, freshwater wetlands and the Estuary. 

A lOrn separation between bauxile residue applications and ren1nant vegetation is proposed to be 
incorporated into the Code of Practice by the Department of Agriculture. The effectiveness of this 
measure should be n-1onitored. 

Potential impacts on freshwater wetlands from widespread use of bauxite residue include pH 
changes, increased Total Soluble Salts, increases in some trace elements, increased t1ow volumes 
through the wetlands and increased turbidity from red mud fines. 

Ill 



Changes in Total Soluble Salts and increased turbidity from suspended bauxite residue particles are 
not expected to be significant. 

Changes in the pH of water in a wetland could occur if a large proportion of its catchment were 
amended with bauxite residue. Changes to the pH in wetland waters can affect vegetation 
composition, availability of micronutrients and the toxicity of substances such as ammonia and zinc. 
It is expected that some changes may already have occurred to wetland pH from other land 
management practices. 

As noted above, aluminium levels in leachate from rainfall appear to exceed the Australian Water 
Quality Guidelines for the protection of aquatic ecosystems whether or not amended with bauxite 
residue and should therefore be monitored. 

Changes to flow volumes would depend on a number of factors including the cumulative application 
rate and degree of soil mixing on individual properties and the extent to which soils in the catchment 
have been amended. 

Significant changes to flow volumes could cause erosion and turbidity in drains. 

The degree of change in any catchment would depend of the proportion of the catchment amended 
with bauxite residue. Monitoring of key catchments which have a high proportion of the catchment 
an1ended should be undertaken for each n1ajor soil syste1n and for each of the potential environmental 
effects idcntiCied. Monitoring of freshwater wetlands wonld provide a warning system of potential 
effects on the Peel-Harvey Estuary. 

Recommendation 4 

The Environrnentai Protection Authority recommends that the proponent aesign and 
then implement a monitoring programme which includes, but is not limited to, 
addressing the following concerns for key sub-catchments and environments in the 
Peel-Haney Coastal Plain Catchment: 

• adequacy of proposed measures to protect remnant vegetation; 

• impacts from changes in pH and aluminium concentrations in the catchment on 
wetlands; 

• changes to surface water runoff flow pattems and volumes, and the effect of this 
change on wetlands and dn1inage water quality; 

• monitoring of ground and surface water quality parameters, including pH, heavy 
Ineta!s, turbidity and rndiona:tivHy, tl) confLrm p~Pdi_ct.(H'lS hl the PuhHc 
Envir(HHtH•ntal Review do!_~un1cnt nnrl this assessment report; 

to the requiretnents of the Environrnental Protection Authority on advice of the 
Chemistry Centre of Western Australia. 

The Environ1nental Protection Authority recommends the monitoring plan be 
reviewed every five years. 
The Environmental Protection Authority recommends that the results of the 
monitoring program be made available to the public and the Authority. 

Other issues 

Traffic impacts could be significant and should be addressed by the Department or Agriculture in 
consultation with the relevant local authorities. 

A nurnbcr of health, occupational health, agricultural and economic is1mes associated with bauxite 
residue usc are lhe responsibility of other agencies or individual landholders. 
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1. Introduction 
The concept of using bauxite residue to reduce phosphorus losses from sandy soils been suggested or 
considered in a number of reports during the last decade as a possible strategy to assist in reducing 
nutrient input to the Peel-Harvey Estuary. 

The Peel-Harvey Estuary is badly degraded because large quantities of nutrients have flowed into the 
Estuary from surrounding farm land, nrban areas and point sources such as intensive animal 
industries. Algae live on the nutrients and multiply rapidly, stifling life in the estuary in warmer 
weather. The algae accumulate and rot on the shores of the estuary, causing odour problems, 
polluting the shore and killing wildlife and fish. 

Following preparation or an Environmental Review and Management Programme in 1988, the State 
Government accepted strategies to improve the estuary's condition including the construction of the 
Dawes ville Channel to in1prove flushing and catchment management to reduce nutrient input through 
controlling clearing, drainage and nutrient inputs. The Western Australian Department of Agriculture 
was one of the proponents and iead agencies in preparation of the Environmental Review and 
Management Programme. 

Soil mnencllncnt with bauxite residue \Vas discussed in the Environmental Review and Management 
Programme but discarded because at that time, the techniques used and tonnages involved made 
amendment extremely expensive and impractical. However, investigations into the nse of bauxite 
residue have continued and the Department of Agriculture considers that economically viable 
techniques are now possible for a number of land-use situations. 

Bauxite residue is a by-product of the alumina industry and is primarily finely ground bauxite and 
ironstone gravel from the Darling Scarp with most of the alumina content removed. The residue is 
very alkaline (it has a pH of about 10.8) because the alumina removal process uses caustic soda. Red 
mud is the fine fraction of bauxite residue. 

This proposal was referred to the Environmental Protection Authority in October 1992 and a Public 
Environtnental Review level of assessment was set. This level was set because bauxite residue use is 
likely to be of State-wide interest if proven to be successful in the Peel-Harvey Coastal Plain 
Catchment and because a Public Environmental Review would permit the level of pnblic acceptance of 
bauxite residue usc to be determined. 

1.1 Role of Department of Agriculture 
In the Public Environmental Review document the Department of Agriculture noted that it had a dual 
role in the Peel-Harvey Coastal Plain Catchment in tllfthering development of sustainable agricultural 
systems on the Swan Coastal Plain and as the State Government's lead agency for the Peel-Harvey 
Coastal Plain Catchment management program which primarily seeks a reduction of phosphorus 
loads to the Peel-Harvey Estuary. 

The Public Environmental Review document did not contain details of any marketing structure. The 
Authority understands that a marketing structure will be negotiated between the Minister for 
"Agriculture (or the Department of Agricu1ture on behalf of the Minister for Agriculture) and Alcoa of 
Australia Ltd foilowing Environmental Protection Authority assessment. Any rnarketing structure 
established wendel need to ensure environmental conditions set by the Minister for the Environment 
(after consultation with the Minister for Agliculturc) can be met. 

Based on the above information, the Department of Agriculture may also have a role in implementing 
the environmental components of any marketing structure established. 

') .... 
The Department of Agriculture has referred to a wide range of potential nses for bauxite residue in the 
Public Environmental Review docurncnt. However, sufficient inforn1ation to permit adequate 
environ1nenta! asscssn1ent was provided only for broad-scale use of bauxite residue as a soil 



amendment for existing agricultural and horticultural properties. Other uses for bauxite 
residue noted in the Public Environmental Review, such as urban uses (e.g. in soil mixes), in effluent 
and waste management systems, in stormwater basins and drainage structures and in construction 
materials are not considered to form part of the proposal and have not been assessed. 

The Department of Agriculture expects bauxite residue application rates to range from 20 to 100 
tonnes per hectare (t/ha)for pasture and up to 250 t/ha for horticultural uses. Applications of over 100 
t/ha would need to be mixed into the soil and gypsum addition considered to ensure the soil pH is 
suitable for agriculture. 

Recommendations for re-application of red mud will be based on monitoring of key field trials by the 
Department of Agricultnre. Based on current knowledge, applications of 20 t/ha would need to be re
applied after at least five years in order to maintain the desired reductions in phosphorus run-off. 
Whether this coincides with the optimum re-application time hom the point of view of agricultural 
production is not known. 

Bauxite residue would be transported by truck from one of three refineries owned by Alcoa of 
Australia to the paddock in which it is required. Conventional spreading equipment (multispreaders) 
can be used with only minor modifications to apply bauxite residue at application rates typically used 
for pasture. 

Although the Public Environmental Review document suggests guidelines and recommendations for 
bauxite residue use, there is no commitment that they will be included in any Code of Practice or 
monitoring programme developed. 

Other uses for bauxite residue, such as those suggested in the Public Environmental Review 
document, 1nay need to be referred to the Environn1cntal Protection ,b.~uthority if they are likely to have 
a significant effect on the environment either individually or cumulatively. 

The scope of the Public Environmental Review document, and hence the proposal assessed by the 
Environmental Protection Authority, limits bauxite residue use to existing cleared land in the Peel
Harvey Coastal Plain Catchment. Bauxite residue use for new land-use proposals was not considered 
to be part of this proposal. New uses could increase existing phosphorus loads to the Peel-Harvey 
Estuarv. narticularlv if rel!u!ar re-annlication is reauired to ensure ann lied nhosnhorus remains on-site 
and th~~ ~e-application d;es not tak~ place. ' ' ' ' ' 

The Environmental Protection Authority understands that the Department of Agriculture wishes to 
corrnncncc distribution of bauxite residue this sun1mcr. 

The proposal \Vas iiTniteci to the Peel-Harvey CoasLaJ Plam Calchrnenl because it is onJy in this part of 
the State where the Denartment of Agriculture has overall land-use obli.gations resulting from 
environmental conditions set following -the Environmental Review and Management Programme in 
1988 and it is one or the catchments with a great need for phosphorus control measures. 

3. Existing environment 
The maioritv of the Peel-Harvcv Coastal Plain Catchn1ent is either Pinlarra Plain or Bassendean Dune 
and Plain (Wells, 1989). - ·· 

The Pinjarra Plain is a broad, low relief plain west of the foothills on predominantly t1uvial sediments 
and some alluvium associated with major active drainage systems. The soils are naturally poorly 
drained and many swamps occur. 

The Bassendean Dune and Plain system has a very low relief, leached grey siliceous sand with 
intervening sandy and clayey swamps often underlain by iron organic hardpans or buried clay layers. 
The topography becornes rnore subdued frorn west to cast. 

Significant drainage works within the catchment permit rapid movement of nutrients from paddocks 
to the Peel-Harvey Estuary. 
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Despite extensive drainage works within the catchment, many parts of the Peel-Harvey Coastal Plain 
Catchment remain waterlogged or inundated for long periods during winter. 

Most soil types in the Peel-Harvcoy Coastal Plain Catchment are strongly acidic or acidic (low to very 
low pH), as arc a high proportion of wetlands. The pH of many soils has been influenced by past 
land-use and land management practices. 

The majority of the Peel-Harvey Coastal Plain Catchment has been cleared. Little remnant vegetation 
remmns. 

Land-use in the catchment is predominantly rural, with an emphasis on grazing. About 400ha of the 
catchment is used for market gardens or similar intensive horticulture. A number of population centres 
exist within the catchment. 

The Jandakot Public Water Supply Area and Underground Water Pollution Control Area extends into 
the northern part of the Peel-Harvey Coastal Plain Catchment. 

4. Public submissions 
The Environn1ental Protection AuthorjLy required that a Public Environmental Reviev; be prepared for 
the proposal. The availability of the Public Environmental Review for comment over an eight week 
period was advertised in "The West Australian" and local newspapers and the document was 
circulated to relevant government agencies. 

The Authority received eleven submissions from members of the public and community groups and a 
further six subn1issions frorn State and local government agencies. 

A detailed summation of the points raised in the submissions and the proponents response to the 
submissions is presented in Appendix 2. 

The most common theme in submissions was concern about cumulative effects which could become 
apparent in the long tcrn1. 

In sum_mary, the following topics were raised in the submissions: 

• general comments ranging from qualified to unqualified support for the proposal, comments on 
the degree of government support for bauxite residue use, comments on the scope of the proposal 
and comments on the quality of the Public Environmental Review document; 

~ adequacy nf cmnrniLrncnts; 

e controJ of <Wd guideJines for hauxitc residue use~ 

• 

• 

con1rr1cnts on specific issues associated \~lith the use of bauxite residue for soll mncndtncnt 
including: 

~ potential phosphorus loss reduction from paddocks in the long term using low rates and re
application; 

• the applicability of research undertaken in other parts of the catchment; 

cconon1ics of application: 

• _issues associated with ,salts, gypsun1, and increw;ed pH; and 

• thco henel'its of and need to apply gypsum; 

long-term, cumulative and environmental impacts with particular rcoference to: 

• 

• 
• 
• 

• 

lnck or information/comment in the Public Environmental Review document regarding this 
JSSUC; 

nutrient loads~ 

health and safety, pm·ticularly with respect to radioactivity; 

salts and trace cletnents; 

marine and frcsh\vatcr impacts; 
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• impacts on flora; and 

• impacts of haulage. 

• comments relating to other uses suggested in the Public Environmental Review (i.e. eft1uent and 
waste management, stormwatcr drainage), as well as suggestions for alternative uses. 

5. Characteristics of bauxite residue in the environment 
The physical and chemical characteristics of bauxite residue provide an indication of potential 
environmental effects which may occur ti'Om its broad-scale use in agriculture. This section provides 
relevant background information to assess the likelihood of adverse impacts. 

5.1 Alkalinity 
Bauxite residue which is dry enough to be used for broad-scale agriculture has a total soluble 
alkalinity of 25 to 35 g/L (70% solids), and has a pH in a fully carbonated state of about 10.8. The 
a~kalinity is n1ainly present as sodiun1 carbonate with decreasing sodium hydroxide as it is exposed to 
mr. 

In contrast the soils of the Pinjarra Plain and Basscndean Dune and Plain are generally strongly acid, 
acid or neutral ,although some soils arc weakly buffered (see Wells, 1989). The pH of soils in the 
region have been modified by application of fertilisers (which acidify the soil), gypsum (which is 
tnoderateiy alkai inc) and the type of vegetation grown (e.g legumes can acidify the soil), 

A study of wetlands in the Peel-Harvey Coastal Plain Catchment north of the Harvey River Diversion 
Drain found 50% of the wetlands had a pH of less than seven in contrast to the alkaline wetlands 
north of Perth (Wrigley, 1988). 

The effect o! Lhe alkalinity in bauxite residue can be reduced or neutralised by adding a material such 
as gypsum. Although gypsum is alkaline, it can red nee the alkalinity of bauxite residue by converting 
the alkaline sodium carbonate in bauxite residue to sodium sulphate and caicium carbonate. The pH of 
calcium carbonate is lower than sodium carbonate. However, the combination of these materials 
causes an increase in soluble salts. 

Analysis of leachate from simulated rainfall over areas treated with nil, 20,40 and 80 t/ha red mud or 
red n1ud and gypsum fuund the pH of Lhe kach::_-;tG Crorn nil npplication to be between 4.5 and .5.5 and 
from the 80 t/ha application to be betv;cen 6.4 with 2"vnsun1 to 7.6 without zvDsum (Summers et al. 
]99::Jh). c~oc -·- . 

It is expected that for agricultural production, the landholder would seek a final soil pH suitable for 
the pasture or crop to be grown. 

The application rate, the initial acidity of the soil and the incorporation of other n1aterials such as 
gypsum influence the final change in soil and water pH. A change in soil pH from the addition of 
bauxite residue wou!c! be reflected in the pH of surface water runoff leaving the amended area. Unless 
appiications arc appropriately Tnanaged, bauxite residue could cause n.tpjd or excessive changes in 
pH. . 

5.2 Salts 

5.2. 1 Increased total so!u ble salts 

The analysis of bauxite residue provided in the Public Environmental Review document does not 
provide a clear indication of the elements which would contribute to the Total Soluble Salts which 
could be leached from the residue. The Authority understands that leaching of soluble salts from 
bauxite residue depends on both the addition of other ions such as occur in gypsum and the degree to 
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which soluble salts used in bauxite treatment to extract alumina (e.g. Sodium) have been removed 
from the bauxite residue. 

The Australian Water Quality Guidelines for protection of aquatic ecosystems (Australian and New 
Zealand Environment and Conservation Council, 1993) and drinking water guidelines specify a 
maximum level of 1 000 mg/L Total Soluble Salts. 

Experiments have shown that bauxite residue with gypsum incorporated at I 0% by weight spread at 
80 tonnes per hectare increased conductivity measured in stream-±1ow by 20 to 40 mS/m (dl 25 °C 
(220 to 440 mg/L Total Soluble Salt). This is shown in Figure 1 (Summers et al, 1993a). 

Figure 1: The increase in electrical conductivity (i.e. total soluble solids) caused by 
the application of red mud (From Summers et al 1993a). 

A_nalysis of leachate fron1 sin1ulaled rainfall over areas treated with nil, 20, 40 and 80 t/ha red mud or 
red mud gypsum found that only leachate from the first simulated rainfall event exceeded 
1 000 mg/L Total Soluble Salts and then only at the higher application rates. The highest level 
leachate was I 210 mg/L Total Soluble Salts (Summers et al 1993b ). This would be diluted rapidly to 
below I 000 mg/L in the environment. Subsequent leachate concentrations from simulated rainfall 
were below I 000 mg/L. 

5.2.2 Trace elements and heavy metals 

Bauxite residue, like soils in the Darling Range, contains traces of some elements which if mobilised 
could pose environmental risks. The Department of Agriculture considers that most of these elements 
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are tightly bound and require exceptional circumstances such as immersion in concentrated acid to be 
released. These circumstances are unlikely to occur in soil amended paddocks. 

Appendix A of the Public Environmental Review document provides an analysis of trace element 
concentrations (including heavy metals) in bauxite residue and compares them with international 
criteria for rehabilitation of contaminated sites. The Department of Agriculture concludes that trace 
elements and heavy metals arc well within acceptable levels. 

Leachate from simulated rainfall over areas tre<lted with nil, 20, 40 a 80 t/ha red mud or red mud 
gypsum were analysed for cadmium, aluminium, iron, arsenic, fluoride and sulphate, electrical 
conductivity, pH and phosphate (Summers et al 1993h). Leachate concentrations for Arsenic 
exceeded Australian Water Quality Guidelines only for the first simulated rainfall. Aluminium 
concentrations Crorn leachates in both the untreated and treated areas exceeded recommended 
Australian Water Quality Gnidelines for waters with a pH of less than 6.5. All the parameters tested 
were within tbe maximum limits for drinking water, except fluoride when gypsum was applied. 
Fluoride reached acceptable drinking water leveis after 7 Inonths simulaleU rainfall (Summers et al 
1993b) 

5.3 Reduced soi! permeability and increased surface flow 
For a sanely soil amended with bauxite residue, the permeability decreases as the percentage of 
bauxite residue to sand increases, as shown in Figure 2 (Reference). 
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Figure 2: Permeability of a sandy soil amended with bauxite residue. 
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As bauxite residue applications for pasture do not involve mixing, the percentage of bauxite residue in 
the top layer of the soil may get quite high if several applications of 20 t/ha occur over time. 
However, if the bauxite residue is mixed deeper into the soil the percentage bauxite residue in the soil 
would be reduced with a corresponding improvement in soil permeability. 

Because of the fine particle size of red mud it can act like a silt and can fonn a surface crust which can 
significantly increase water run-off rates. 

Bauxite residue with gypsum incorporated at 10% by weight spread at 80 t/ha without mixing into the 
soil increased surface water run-off from 133,000 m3 (550mm of rainfall) to 256 000 m3 (800mm 
of rainfall). With broad-scale application, this increase could be significant at the catchment or sub
catchment level, especially since the increased run-off may change nutrient flow pathways. 

The Public Environmental Review document does not provide specific information about reduced soil 
permeability. However the document states that the rates of red mud application proposed are not 
expected to significantly affect overland flow during winter, partly because n1uch of the Peel-Harvey 
Coastal Plain Catchment is inundated in winter and because bauxite residue can improve the water 
holding capacity of the soil. 

The Environmental Protection Authority considers tl;lat in the long-term, repeated application of 
bauxite residue throughout the catch1ncnt and consequent reduced soil permeability could significantly 
affect surface water run-off patterns and volumes. 

5.4 Radioactivity 
Bauxite contains radioactive elements. When bauxite is processed about one third of the 1naterial is 
removed as alumina which is low in radioactivity. Consequently there is a proportional increase in 
concentration of radioactive materials in the residue. 

Bauxite residue is not defined as being radioactive by the Australian Code of Practice for the Safe 
Transport of Radioactive substances. 

The Radiological Council advised that the application rates proposed by the Department of Agriculture 
will not result in radioactivity levels above that in bauxite ore- and as such, are approved. Where 
application rates exceed that level the Radiological Council should be notified. 

5.5 Particle size - increased turbidity and dust 
Red mud is the fine fraction of bauxite residue with over 2\lJ% of the particles less than 10 microns in 
size and 15% Cine sand. When first applied, the particles tend to be, agglomerated and the material 
behaves like a silt. 

Experience to date has shown that the fine particles move down into pore spaces in the sand and are 
not usually washed into drainage lines. However, if red mud is put directly into water channels 
turbidity could be a problem. 

The fine nature of red mud means that dust is an issue during application and when dry on the surface 
if there ls insu!llcicnt 'v'egetative cover. 

5.6 Colour - aesthetic effects 
Bauxite residue is a dark red, and its application can initially change the colour of the soil. The 
application rate, degree or blending and vegetation cover affect the degree of colour change. 
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5. 7 Conclusion 

The effects or bauxite residue applications could vary significantly depending on a range of factors 
including: 

• rate of application (affects pH outcome, mixing requirements); 

• use of gypsum (depends on rate or application and affects salt loading); 

• degree of soil mixing/blending by stock or other farm equipment (affects soil permeability); and 

• number of applications (affects pH, salt loading and soil petmeability as above). 

Factors such as particle size, radioactivity and colour are expected to be relatively constant. 

The rate of application would need to consider previous applications. 

Based on consideration of the chemical and physical characteristics of bauxite residue the cumulative 
application rate and degree of soil blending are the key factors which influence the potential 
environn1entul effects. 

The Environmental Protection Authority concludes that the proposal by the Western 
Australian Depm·tment of Agriculture for the widespread use of bauxite residue for 
existing broadaCl'e agriculture and horticulture in the Peel-Harvey Coastal Plain 
Catchment is envii'Onmentally acceptable. 

In reaching this conciusion the Environmentai Protection Authority identified the 
main environmental factot·s requiring detailed consideration as: 

~ the likely effects of bauxite residue based on the physical and chemical 
characteristics of bauxite residue, particularly alkalinity, salts, heavy metals and 
particle size; 

• ensuring responsible use of bauxite residue; 

• potential impacts on flora; 

• potential impacts on freshwater and estuarine wetlands; 

• potentia! impacts from changes to soil permeability; and 

the net~d for ntonHoring and for monitoring results to be l."~flected in responsible 
use. 

The Environrnentai Proi~cOon Authority concludes that the environmental factors 
mentioned above have been addressed adequately by either environmental 
management commitments given by the proponent or by tbe Environmental 
Protection Authority's recommendations in this :report. 

Accordingly, the Environmental Protection Authority recommends that the proposal 
could proceed subject to: 

• the Environmental Pt·otection Authority's recommendations in this Assessment 
Report; and 

• the proponents commitments (See Appendix 1). 

The following section details how the Department of Agriculture and Environmental Protection 
Authority consider the potential impacts should be managed. 



6. Environmental assessment of the proposal 

6.1 Effect of proposal on phosphorus loss to the Peel-Harvey Estuary 
This assessment only examines the potential environmental impacts from the broad-scale use of 
bauxite residue as a soil amendment. Consideration of the positive effect of this proposal in reducing 
phosphorus Joss from the Peel-Harvey Coastal Plain Catchment will he assessed in the context of 
auditing the environmental conditions for the Peel-Harvey Estuary Management Strategy- Stage 2, 
for which the Department of Agriculture is a proponent. In particular, environmental commitment 3.7 
should ensure that the effect of this proposal in terms of phosphoms loss is monitored. Environment 
commitment 3.7 from the Peel-Harvey Estuary Management Strategy - Stage 2 is reproduced 
below. 

Environmental commitment 3.7 

The success q{catcluneni rnunagem.ent rneasures in reducing phosphorus losses to the es'tuary will be 
monitored by the proponents and audited by the Environmental Protection Authority. The social and 
economic ejj(ccts of' catchment management measures upon the catchment community will he closely 
m,onitored h)' the proponents. Currenr and proposed future monitoring studies are described in 
Section 13 <~/'the ERMP and in Section 11 <Jf'the Authority assessment report. The catchment 
managenzent plan will he regularly reviewed by the Authority. 

6.2 Ensuring responsible bauxite residue use 

6,2, 1 Code of Practice 

A Code of Practice is required to ensure bauxite residue application and use occurs in a responsible 
manner, particularly with respect to mini1nising the potential effects identified above~ The Code of 
Practice developed would need to be reviewed regularly in response to new information from 
experience and 1noniloring gained through bauxite residue use. Aithough a code would nut have the 
force of regulations, it is important that it be followed by users of bauxite residue. 

The Dep<u"tmcnt of Agriculture has made a commitment that a Code of Practice will be produced. The 
Public Environmental Review document suggests that the Code is intended to address a wide range of 
~ssues inciuding environn1ental, agriculturaL health and occupational health and n1ethod of 
application. 

The code vvill probably beco1nc binding on contractors applying the bauxite residue through Clauses 
in their contracts. 

Sorne pubiic submissions t_;xpresscd concern that a Code of Practice or shnilar tnechanism should 
address the following Jssues: 

• who may apply bauxite residue;. 

~ safety precautions for bauxiLe handling;. 

• whether or not gypsum is applied based on an assessment of soil pH and application rate; 

• the correct application and management of bauxite residue;. 

• educational information to deter abuse of the amended soil advantage; and, 

~ proxin1iLy of bauxilc residue application to watercourses and rernnant vegetation. 

The Dcparlrnent of Agriculture's lull response to the above co1nn1ents appears in Appendix 2. Key 
responses to environmental issues raised above include the foiiowing: 

• "Cultural variations (which cause changes to soil acidity) will result in the need to assess each site 
for the potential for improvement by bauxite residue". 
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o As dust generation will be controlled by the Code of Practice the possibility of dust reaching 
surface waters is not an issue. 

o A requirement for a I Om buffer to be kept between residue amended pasture and remnant 
vegetation will be included in the Code of Practice until more information has been derived from 
the monitoring program. 

Another issue which warrants consideration is that of dust blowing from trucks during transport. As 
noted above, red mud has a very fine particle size and a pH of 1 0.8. Dust could remain suspended for 
long periods. This issue also has safety aspect~ for car drivers following bauxite residue trucks. 

The Enviromnental Protection Authority considers that some of the issues raised above are key issues 
to the acceptability of widespread bauxite residue use and should be incorporated in the Code of 
Practice to the meet the requirements of the Authority. 

The Authority considers that the Department of Agriculture should be responsible for monitoring and 
ensuring thai the Code of Practice is implemented. 

Recommendation 2 

The Environntental Protection Authority recommends that prior to widespread use of 
bauxite residue commencing, the proponent pt·epare a Code of Pmctice incorporating 
environmental issues which includes, hut is not limited to consideration of: 

o dust control during transport and application; 

• assessment of optimum application rate based on changes to pH; 

• separation distance from soil amended areas to remnant vegetation or 
watet·courses; and 

• frequency of review of the Code of Practice to incorporate management 
recommendations gained from experience and monitoring of bauxite use; 

to the requirements of the Environmental Protection Authority. 

The Environtnentai Proteciion Authority recon1mends that Department of _..\.griculture 
monitor, and endeavour to ensure, compliance with environmental aspects of the 
Code of P1·actice. 

6.2.2 Use in unde!·g:round water pnHution eontroi ~reas 

ln its subn1ission to the Enviromncntal Protection Authority, the \\Tater Authority of\Vestern -'h.,ustralia 
expressed a deslrc to rnoniLor and vvherc necessary control the use of bauxite residue in the Jandakot 
Public Water Supply Area and Underground Water Pollution Control Areas. This was "noted" by the 
Dcpartn1ent or Agriculture in its response to subrrllssions. 

The Environmental Protection Authority considers that the Water Authority of Western Australia 
should be kept informed of proposals to usc bauxite residue in Public Water Supply Areas and 
Underground Water Pollutio~- Control Areas. ';lowevcr. if the Water Authority considers it 
appropnate tc; control t.ne use 01 tmuxtte residue 1n 1nese areas, 1t could use ur atncnd 1ts Underground 
Water Pollution Control Area by-laws accordingly. 

Where a proposal to use bauxite residue is within a Public Water Supply Area or Underground Water 
Pollution Comrol Area, the Department of Agriculture should refer the proposal to the Water 
Authority or Western Australia and inform the proponent that the proposal has been referred to the 
Water Authority. 

6.3 Potcntiai catchment wide impacts 

The major use of bauxite residue in accordance wilh this proposal is likely to be for pasture 
improvement. There arc about 400ha of horticulture in the Peel-Harvey Coastal Plain Catchment. 
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6.3.1 Potential effects in response to cumulative application rates and degree of soil 
blending 

As indicated in Section 5.5, the potential environmental effects of bauxite residue depend primarily on 
the cumulative application rate and degree of soil blending. 

The Public Environmental Review document referred to a range of studies in Western Australia which 
used application rates ol 80 t/ha and upwards. 

Recent research results from trials at 80 t/ha (See Summers et a! 1993a) have provided valuable 
information on which to base an assessment of the likely environmental impacts. fn particular the 
trials compared phosphorus loads, stream- flows and Total Soluble Salts from a treated and untreated 
catchment. 

The Environmental Protection Authority considers that similar research to that noted above should be 
undertaken by Lhe Departrnent of Agriculture to determine the effects of lo\::ver rates of application 
which arc either repeated every live years until the maximum recommended levels of 100 t/ha are 
reached or nul repeated after an initial low application. The research should also evaluate changes to 
pH in water leaving the treated areas and investigate the effects of compaction and soil mixing by 
animals or farm equipment in changing the permeability of the soil and consequent change in surface 
water run-olf' patterns and vo!tnnes. 

6.3.2 Effects of changes to soil infiltration rates 
Section 5.3 or this report clearly indicates that significant changes to soil infiltration rates and surface 
water run-off volumes can be expected from areas which are not inundated in winter. Overall changes 
to surface water ±1ows are expected to become more apparent in the long term as more of the Peel
Harvey Coastal Plain Catchment has bauxite residue applied and re-applied. 

Ultimately the character of the catchment could be changed from one dominated by groundwater flow 
to one dominated by surface water flow. Figure 3 below provides a conceptual diagram of flow 
patterns which could result. If the surface water t1ow pattern shown for Joam_s and clays becomes 
prevalent, surface run-off may become a significant factor in nutrient export pathways. 

Erosion of cbtins could be stimulated by increased volumes of surface water flow which could carry 
sediment into the Peel-Harvey Estuary. 

The Public Environmental Review document did not address this issue because the document states 
that changes tn soil infiltration rates would nor be significant. The Environmental Protection Authority 
accept.s that this rnay be: so foi· single application~ of 20 t/ha at the paddock le-vel, but considers the 
in1plications ur repeated and/or catchmcnt-\vide application arc yet to be shown. 

The Authority considers that changes to surface water run-off should be monitored both at paddock 
and sub-catchment level. Results hom the monitoring should provide recommendations for changes 
to the Code or Practice if appropriate. 

Recommendation 3 

The Envinannentai Protection Authority n.:conunc:nds that within ~Jlio. rnonths of 
commencement of widespread use of bauxite residue tbe proponent develops and 
then implements a t·csearcb program which evaluates the following potential 
environmental effects for a range of application rates and subsequent soil mixing 
scenal'ios: 
• Changes to soil permeability; 
• changes lo surface water runoff !low pattems and volumes; and 
• changes lo pH of surface water run-off; 
to tbe requirements of the Environmental Protection Authority on advice of the 
Chemistt·y Centre of Western Australia. 
The Environmental Protection Authority recommends that the results of tbe research 
progran1 be n1ade avaHabie to the pubiic and the Authority. 
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Figure 3: Conceptual diagram of phosphorus transport from the major soil groups. 

12 



6.3.3 Impacts on upland flora 

As noted above, the Peel-Harvey Coastal Plain Catchment is largely cleared and few stands of 
remnant vegetation remain. As one of the measures to protect the Peel-Harvey Estuary from further 
degradation. there is a moratorium on further clearing of vegetation in the Peel-Harvey Coastal Plain 
Catchment. The remaining stands of remnant vegetation need to be protected. 

The Public Environmental Review document stated that bauxite residue use would only be permitted 
on cleared areas. The alumina extraction process effectively sterilises bauxite residue, so the 
transmission of fungal diseases such as dieback is not a concern. 

Concerns were expressed in public submissions that approval for the use of bauxite residue could 
encourage clearing of remnant vegetation and that physical and chemical changes to soil from banxite 
residue applications could affect both the species composition ofrenmant vegetation and the ability of 
indigenous vegetation to re-establish. 

The proponent replied that protection of remnant vegetation is a separate issue, that there is no 
documented evidence of the effects of bauxite residue on indigenous vegetation and that a 10 metre 
buffer between residue amended pasture and remnant vegetation would be incorporated into the Code 
of Practice. The proponent also noted that re-establishment of some species of indigenous vegetation 
had been ohserved on bauxite residue mnencled soiL 

The Environmental Protection Authority considers that, provided the I Om buffer is incorporated into 
the Code of Practice, the application of bauxite residue in the Peel-Harvey Coastal Plain Catchment 
consistent with this proposal is unlikely to significantly affect indigenous vegetation. However, it 
would be appropriate to undertake monitoring to ensure the separation distance is effective. 

6.3.4 Frcshwatet· wetland and marine impacts 

The Peel-Harvey Estuary and fi·eshwater wetlands arc environmentally significant parts of the Peel
Harvey Coastal Plain Catchment which have value for flora, fauna and people. 

Based on the assessment in Section 5 potential changes to fi·eshwater wetlands could include pH 
changes, increased Total Soluble Salts, increases in some trace elements, increased t1ow volumes 
through the wetlands and increased turbidity fi·om red mud fines. 

Changes to pH in wetlands can affect vegetation composition, availability of some micro-nutrients 
and the toxicity of .substances such as ammonia and zinc which increase at high p!I. Given the extent 
nf rural dcvcJopn1ent in the Peel-Harvey Coastal Plain Catchinent it is likely that the pH in many 
wetlands _bas already been altered to sornc degree. The rate of pH change rnay be an lssue. 

The increase in Total Soluble Salts observed by Sun1n1crs et al (_l993a) when bauxite was applied at 
80 t/ha are \vi thin the criteria for the protection of aquatic ecosystems in the Australian water quality 
guideline.,·jiJrfi'esh and marine waters (Australian and New Zealand Environment and Conservation 
Council, 1991 ). The Public Environmental Review also notes that the salts which leach from bauxite 
residue arc connnon in aquatic systcn1s. On this basis, Total Soluble Salts are probably not of 
concern. 

in tcn11s or trace eien1ents ::-md he::1vy rnctals, nhuniniun1 n1ay be of concern (See sectlon 5.2.2). 

The effect and likely increase in the volume of water passing through freshwater wetlands is 
unknown and would depend on the proportion of the wetland's catchment which has bauxite residue 
applied, and the factors which affect permeability. 

Provided that the Code of Practice spccifJcs a separation distance fro1n watercourses, the fine particles 
are unlikely Lo reach wellands. 

A significant proportion of the Peel-fiw·vey Coastal Plain Catchment would need to have bauxite 
residue applied before the changes suggested above would be noticed in the Peel-Harvey Estuary. 
Appropriate monitoring of freshwater wetlands would provide a warning system of changes in the 
Peel-Harvey Estuary. 
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The Public Environmental Review document considered that marine and freshwater impacts would 
not be significant. 

Concerns were expressed in public submissions that: 

• there could be long term impacts on the health of waterways; 

• heavy metals bound to the bauxite residue could be released in the marine/wetland environment 
and bioaccumulate; 

• radiation levels could affect the aquatic ecosystem; and 

• sulphate loading from bauxite residue/gypsum mix could accumulate in estuary sediments. 

The Environmental Protection Authority considers the proponent's response, which appears in 
Appendix 2, to be adequate. 
Tn rP-.:nr.n.;,:p Jc• ('{'\ll('l"l'ji<.C :lhnnt thr:> hP:llth nf thP n;o(P.!·n;oy"' thP nt·.-.nr\'nP.nt Hlf\11L-1 arlrlre>.C'(' r'he-·o ~ ..... t-ho 
~•• _._.,_,Ul-'"-''A'-''-'' ''-'-'AA'-'-'-'- H> .._,.._,..._,.....,_.._ ..__u.,_, An . ..-u..L -'--'- "-'-'- .._ .. .,_, > L-< ....,._ > H '-'l U.L'"-' t-'-'-'-'t-''-'-'--'-VUO. HVU.l\..l U-U-..l'--'•:tCJ ll.l ~V .L.l.l L.l V 

monitoring program. The Environmental Protection Authority considers any monitoring program 
developed should address concerns about pH and increased t1ow volu1nes. 

6.3.5 Effects on groundwater 

Based on the information in Section 5, impacts on groundwater quality are not considered to be 
significant. Although at the local level some water quality criteria inleachates could initiaLly exceed 
desirable levels, this would not be of environmental significance unless an entire catchment were 
treated in the one year. The effects of reduced infiltration would depend on the proportion of the 
catchn1ent ~m1cnded with bavxite residue, the rate of application and the other factors which affect 
permeability. 

6.3.6 Monitoring catchment wide impacts 

The potential enviromnenta! in1pacts noted above should be n1onitored in smne key sub-catchments 
and the man itoring results used to determine the continued acceptability of bauxite residne application 
and to modify the Code of Practice. Key sub-catchments should be identified on the basis of a high 
adoption rate by landholders in the catchment and major differences in the land systems such as 
occurs between the Pinjarra Plain and Basscndean Dune and Plain soil associations. 

Recornrnendation 4 

The Environmental Protection Authority recommends that the proponent design and 
then implement a monitoring pr·ogramme which includes, but is not limfted to 
addressing the following concerns for key sub-catchments and environments in the 
Peel-Haney Coastal Plain Catchment: 
• Adequacy of proposed measures to protect remnant vegetation; 

• impacts !'rom changes in pH and aluminium concentrations in the catchment on 
V..'Pth~nd~· 

• 

• 

.. --·-··-··--· 
changes lo surface water runoff flow patterns and volumes, and the effect of this 
change on wetlands and dt·ainage water quality; 
monitoring of g•·ound and surface water quality paramete1·s, including pH, heavy 
metals, turbidity and radioactivity, to confirm predictions in the Public 
Environmental Review document and this assessment report; 

to the requiren1ents of the Environrncntal Protection Authority on advice of the 
Chemistry Centre of Western Australia. 

The Environmental Protection Authority recommends the monitoring plan be 
reviewed every five years, 

The Environmental Protection Authodty recommends that the results of the 
monitoring program be made available to the public and the Authority. 

14 



6.4 Traffic 

The Enviromnental Protection Authority has been advised by the Main Roads Western Australia that 
the increase in traffic from this proposal could be significant. 

The Department of Agriculture indicated in the Public Environmental Review document and its 
response to public submissions that it would consult with the Main Roads Western Australia and local 
govern111en1 authorities regarding traffic impacts. In its response to public submissions the 
Department of Agriculture anticipates that monitoring of road use and any adverse impacts will 
proceed in conjunction with local government authorities. 

The Authority considers that the management of traffic to reduce impacts on local roads and residents 
living near those roads is a matter for the Depm·unent of Agriculture to address with the relevant local 
government authorities. 

6.5 Issues to be addressed by other agencies 
There arc a number of issues associated with this proposal which need to be addressed or considered 
by other agencies. These issues include: 

• 

• 

• 

health issues such as accumulation of heavy metals/radioactivity in vegetables; 

occupational health issues associated with the handiing and transport and spreading of bauxite 
residue; 

agricultural issues such as: 

• ensuring application rates do not cause pH changes which result in copper deficiency in 
1uminants; and 

• developing appropriate fertiliser rates for amended soils; 

• economic issues which need to be considered by individual landholders. 

~nc person has suggested that a residue 1nanagen1cnt group could be established to oversee the above 
!SSUCS. 

7. Condu.sions 
The Environrncntai Protection Authority concludes that the proposal by the Western Australian 
Department "C Agriculture for the widespread use of bauxite residue in the Peel-Harvey Coastal Plain 
Catchment is cnvironn1cntally acceptable. 

In reaching this conclusion the Authority identified the main environmental factors requiring detailed 
consideration as: 

• 

• 

• 

• 
• 

• 

the likely cticcts of bauxite residue based on the physical and chemical characteristics of bauxite 
residue, pttrticularly alkalinity, salts, hea\'Y 1nctals and partjcle size; 

ensuring responsible use of bauxite rcsirlue 

potential impacts 011 nora; 

potential impacts of ti·eshwatcr and estuarine wetlands; 

potenti::-d i rnpacts from changes to soil pcnneabi1ity; and 

the need Cor n1onitoring and for n10nitoring results to be rellcctcd in responsible use . 

The Authority concludes that the environmental factors mentioned above have been addressed 
adequately by either environmental management commitments given by the proponent or by the 
Authority's recommendations in this report. 

Accordingly, the Authority recommends that the proposal could proceed subject to: 
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• the Environmental Protection Authority's recommendations in this Assessment Report; and 

• the proponents commitments (Sec Appendix I). 

The Authority has established an implementation and auditing system which requires the proponent to 
advise the Authority on how it would meet the requirements of the environmental conditions and 
commitments of the project. The proponent would be required to develop a Progress and Compliance 
report for this project as a section of the recommended audit prograll111les. 

The Authority's experience is that il is common for details of the proposal to alier through the detailed 
design and construction phase. In many cases alterations arc not environmentally significant or have 
positive effects on the environmental performance of the project. The Authority believes that such 
non-substantial changes, and especially those which improve the environmental performance and 
protection, should be provided for. 

The ... Authori Ly believes that any approval for the proposal based on this asses~·anent should be limited 
to five years. Accordingly, if the proposal has not been substantially commenced within five years of 
the date of this report, then such approval should lapse. Aller lhal lime, further consideration of the 
proposal should occur only following a new referral to the Authority. 

8. Recommended environmental conditions 
Based on its assessment of this proposal and recommendations in this report, the Environmental 
Protection Authority considers that the following recommended environmental conditions are 
appropriate. 

WIDESPREAD USE OF BAUXJTI:i RESIDUE, PEEL-HARVEY COASTAL PLAIN 
CATCHMENT (766) 

WESTERN AUSTRALIAN DEPARTMENT OF AGRICULTURE 

1 Proponent Commitments 
The proponent has made a number of environmental management commitments in order to protect the 
environn1cn1. 

l-l In in1plen1cnting the proposal, Lhe proponent shall fulfil the commitments (which are not 
inconsistent with the conditions or procedures contained in this statement) made in the Public 
Environmental Review and in response to issues raised following public submissions. These 
corn1nitmcnts arc consolidated in Environ1nental Protection Authority Bulletin 714 as 
Appendix L (A copy of the commitments is attached.) 

2 Implementation 
Changes to tile proposal which me not substantial may he canicd out with the approval of the Minister 
for the Environment. 

2-1 Subject to these conditions, the manner of detailed implementation of the proposal shall 
confom1 in substance with that set out in any designs, specifications, plans or other technical 
materi1ll submitted by the proponent to the Environmental Protection Authority with the 
propo~~al. Where, in the col1rse of that detailed in1plcn1cntation, the proponent seeks to change 
those designs, specirications, plans or other technical material in any way that the Minister for 
the Environrnenl determines on the advice of the Environn1ental Protection Authority, is not 
substa~Hlal, those changes 1nay be effecled. 

3 Code of Practice 
A Code of Practice will be developed to ensure responsible use and ret1ect management changes 
found ilCCCSSi.ll)' as a n:sull of' rnoniloring. 
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3-1 Prior to widespread usc of bauxite residue commencing, the proponent shall prepare a Code of 
Practice incorporating environmental issues which includes, but is not limited to, 
consideration of: 

• dust control during transport and application; 

• assessment of optimum application rate based on changes to pH; 

• separation distance necessary from areas where bauxite residue is applied to areas of 
remnant vegetation or watercourses to protect flora and water quality; and 

• frequency of review to incoqJorate management recommendations gained from experience 
and n1onitoring o[ bauxite usc; 

to the requiretnents of the Environn1cntal Protection Authority. 

3-2 The Code of Practice shall be reviewed at a frequency determined in accordtmce with condition 
3-1 to the requirc1nents of the Environrnental Protection Authority. 

3-3 The proponent shall monitor and seek to ensure compliance with environmental aspects of the 
Code of Practice. 

4. Evaluation of effects of application rate and land-use scenarios 
An evaluation of the variation in erlvironmcntal impacts which depend upon application rate and soil 
mixing scenarios is necessary. 

4-1 Within six months of the commencement of widespread bauxite residue use in the Peel
Harvc_'y Coastal Plain Catchment, the proponent shall develop a research program which 
includes, but is not limited to an evaluation of the following potential environmental effects for 
a range of application rates and subsequent soil nlixing scenarios: 

• cblnges to soil permeability; 

• changes to surface water runoff flow patterns and volumes; and 

• ch:lllges to pH or surface vvatcr run-off: 

to the requirements of the Environmental Protection Authority on advice of the Chemistry 
Centre of Western Australia. 

4-2 The proponent shall implement the research program required by condition 4-1. 

4-3 Resui!s from the research program required by condition 4-l shall be made available to the 
publi~_· and Lhc Environrnental Protection Authority. 

5 Catchment monitoring 
Key catchments with a high proportion of their area bauxite residue amended and key environments 
shall be monitored to assess environmental impacts and confirm environmental impact assessment 
predictions. --

5-1 Within six n1onths of the comn1encetncnt of widespread bauxite residue use in the Peel
Harv(·.y Coastal Plain C~tchn1ent the proponent shall.design a 1nonitoring programme which 
includes, but is not limited to addressing the following concerns for key sub-catchments and 
envit·,mrnents in the Peel-Harvey Coastal Plain Catchment: 

• ack:quacy of n1casurcs to protect rcn1nant vegetation; 
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o i111pacts from changes in pH, and aluminium concentrations in the catchment on wetlands; 

o cl wnges to surface water runoff t1ow patterns and volumes, and the effect of this change on 
wetlands and drainage water quality; and 

o monitoring of ground and surface water quality parameters, including pH, heavy metals, 
turbidity and radioactivity, to confirm predictions in the Public Environmental Review 
document and this assessment report; 

to the requirements of the Environmental Protection Authority on advice of the Chemistry 
Centre of Western Australia. 

5-2 Resulis frmn the research progra1n required by condition 5-1 shall be n1ade available to the 
public and the Environmental Protection Authority. 

5-3 The pmponent shall review and re-submit the monitoring program every tive years to the 
requin·ments of the Environmental Protection Authority, until such time as the Environmental 
Protection Authority determines further monitoring is not required. 

5-4 The proponent shall implement the monitoring program required by condition 5-l and 
concii!ion 5-3. 

6 Proponent 
These condit:uns legally apply to the nominated proponent. 

6-1 No tnlrr;fer of ownership, control or management of the project which would give rise to a need 
for the ;eplacement of the proponent shall take place until the Minister for the Environment has 
advisu i the proponent that approval has been given for the nomination of a replacement 
proponent. ,A~ny request for the exercise of that power of the ~y1inister shall be accompanied by a 
copy o:· this statement endorsed with an undertaking by the proposed replacement proponent to 
carry out the project in accordance with the conditions and procedures set out in the statement. 

7 Time Lindt on Approval 
The envi.ro!tl!'C':nta! Dpprova\ for the propOS(ll is Jim_! ted. 

7-1 If the proponent has not substantially commenced the project within tive years of the date of this 
statement, then the approval to implement the proposal its granted in thi-s statement shall lapse 
and be void. The Minister for the Environment shall determine any question as to whether the 
project i1as been suhstantiaily commenced. Any appiication to extend the period of five years 
referrt'd to in this condition shall be made before the expiration of that period, to the Minister for 
the Environment by way of a request for a change in the condition under Section 46 of the 
Envircnmcntal Protection ;\ct. (On expiration of the five year period, further consideration of 
the proposal can only occur roiiowlng a new referral to the _Environrnental Protection 
Authority.) 

8 Complia n<:c Auditing 
In order to ensure that envirom11ental conditions and comtnitn1ents are met, an audit systern is 
required. 

8-i The pi()poncnt shaii prepare periodic ;;Progress and Compiiance Reports;;' to help verify the 
cnvircmmental performance of this project, in consultation with the Environmental Protection 
Authonty. 

Procedure 
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The Environmental Protection Authority is responsible for verifying compliance with the conditions 
contained in this statement, with the exception of conditions stating that the proponent shall meet the 
requirements of either the Minister for the Environment or any other government agency. 

If the Environmental Protection Authority, other government agency or proponent is in dispute 
concerning compliance with the conditions contained in this statement, that dispute will be detenninecl 
by the Minister tor the Environment. 

9. References 
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guidelines for fresh and rnarine Yvaters Australian and New Zealand Environment and 
Conservation Council, November 1992. 
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Summc:rs R N, Smirk D D and Karafilis D 1993b Phosphorus retention and ieachates of bauxite 
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Wells M R, I 989 Land capability study of the Shires ofMandurah and Murray, Land Resource Series 
No 2,Wcstern Australian Department of Agriculture. 

Wriglev T J. Chambers. J M and Me Comb A J 1988 Nutrient and Gil van levels in waters of coastal
plain wetlands in an agricultural area of Western Australia Australian Journal of Marine and 
Freshwaler Research 39: 685-941 
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Appendix 1 

Proponent's commitments 



WIDESPREAD USE OF BAUXITE RESIDUE, PEEL-HARVEY COASTAL PLAIN 
CATCHMENT (766) 

WESTERN AUSTRALIAN DEPARTMENT OF AGRICULTURE 

The West Australian Department of Agriculture will accept commitments binding it to: 

1 Conunencing negotiations with Alcoa of Australia Limited which, if successful, will produce a 
Code of Practice and management structure enabling the widespread use of bauxite residue for 
nutrient control in the Peel-Harvey coastal plain catchment. 

2. Maintaining, in conjunction with other agencies and institutions, and to the satisfaction of the 
EPA, a program of strategic monitoring of residue use and its benefits and impacts, under the 
program established through the Codes of Practice. 

3. Providing the EPA and the general public with regular reports outlining the use and distribution 
of bauxite resid11e; under the program developed above and produce a rnajor review of the 
program for EPA assessment within ten years. 
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by 11 June 1993 and it will be fmwarded directly to you by the Department. Issues 
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1 General comments 

1.1 Broad overview comments 
1. I . 1 I fully support this proposal because it offers a solution to the canse rather than the 
symptoms. The Dawesville cnt only affects the symptoms. This is part of the whole solution to 
the problems of the Peel-Harvey estumy. 

1.1.2 Prevention is better than cure 

1.1. 3 TI1e cooperative approach between industry a11d the environment is commended by this 
committee. 

1.1.4 There is a natural counterpart to the proposal to apply bauxite residue on the coastal 
plain (ie the Pinjarra Plain soils). 

l. 1.1 to 1.1.4 noted. 

1 .1.5 The usefulness of bauxite residue should not be used as a justification for an expa11sion 
of bauxite mining. 

Bauxite mining is covered by State Agreement Acts a11d existing EPA assessment 
procedures and this covers the disposal of the bauxite residue. 

Within the scope of this PER only a small propmtion of the aruma! production of 12 
million tonnes of bauxite residue will be used. 

1.1. 6 Need to ensure that speculators will not use bauxite residue to promote the excessive use 
of horticulture and feedlots in inappropriate locations. 

D.·~v,..,,...,,-,nlr< f'r-.•• hr.~t-;"',.1-t-n..-.nl n-nrl 1,-d·c..n<>;Tro. ..,,....;....,.....,1 1-n~n<•h-ia.(> <:l"t"P C'nh1Pr-t tf\ '.l 1••.:.ncrp. nf" 
.l LV_IJV.:>a..l.cl .1\J.l llUJ.L.lVUJ.LUlU.l C.UJ.U U.J.IA . .-.LJ.,:HVV UlllJ..UU..l J.llUU..:>W-J.V..:> U..LV •~U.VJVVI.o .. v u. LU.H·b'-' .._.,, 

planning constraints, and to separate environmental assessment through being 
subject to the conditions of the Statement of Plmming Policy for the Peel-Harvey 
Coastal Plain Catclunent and the general requirements of the Environmental 
Protection Act. If the community wishes to control such developments, beyond 
ensuring that they meet existing nutrient targets and other environ1nental 
considerations, then land-use planning rnechanisn1s need to be developed an_d used. 

It is not intended that use of bauxite residue should over-ride existing land use 
planning mechanisms. 

1.1. 7 Appropdate publicity should be given to on-going improvement of the catchment. 

The Western Australian Depmtment of Agriculture is committed to improvement of 
the catchn1ent and there exists an on-going publicity program_ bringing attention to 
that program a11d its performance. 

1.2 Unqualified and qualified support for the proposal 
1.2.1 After a ilia! on my property which extended the growing season a11d enabled greater 

surv·ival of pasture plants I believe baui'ite residue has great potential to help farmers 
and the environment 

1.2.2 The four trials which our group has been involved with demonstrate bauxite residue has 
the capability to significa11tly reduce nutrient discharge from a wide range of uses, 
including intensive animal industties, pasture and fodder. 



1.2.3 Based on observations of other trials. I would like to register my name to use the 
bauxite residue on my fann! dairy farm. 
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1.2.4 My study showed that the use of bauxite residue in the post-mining rehabilitation 
process for a mineral sands mine west of Serpentine wonld have major environmental 
and economic benefits to affected landholders. 

1.2.1 to 1.2.4 noted. 

1.2 .5 With development of appropriate controls, a Code of Practice, and on-going monitoring 
the use of bauxite residue is unlikely to have adverse impacts on the environment. 

1. 2. 6 Generally ve1y supportive of the use of bauxite residue and a management tool to reduce 
nutrient runoff from the catchment, however there are several concerns which must be 
resolved before long-term permission is given. Suggest first stage approval should be 
granted until long-term issues adequately resolved. 

1.2.5 to 1.2.6 
The proponent agrees with the first stage over a period of five years during which 
time the longer term issues would be resolved. 

The Department of Agriculture will develop a code of practice, and an ongoing 
monitoring program is outlined at the end of this document. 

1.3 Comments on government support 
1.3.1 There has been some reluctance to suppmt use of bauxite residue by government 

agencies because of little formal support from the Environmental Protection Authority. I 
expect Environmental Protection Antholity support. would allow more frequent and 
innovative use. 

1.3.2 A positive governtnent response is required. 

1.3. 1 to L3.2 noted. 

1. 4 General and miscellaneous comments on the document 
1.4.1 Is reminiscent of an advisory publication, but also seems to be a mix of a sales brochure 

and .';;cicntlfic review and so m.akes dogn1atic statements based on fllirly thin evidence. 

1.4.2 Overall ti1e document is <:onsidered to be a useful review and the relevant issues appear 
to have been addressed. It appears the docmnent has been well researched. 

i.4.1 to 1.4.2 noted. 

1. 4. 4 Consideration of alternatives 

1.4.4.1 Natural Zeolites (Clinoptilolite variety with cationic and anionic exchange capacities) 
provide a viable alten1ative and corople:cncntary product to bauxjte residue. (Absorbs 5kg P & 
15-18kg ammonia/potassium per tonne- several other benefits listed by submittor- copy of 
letter sent direct to Department of Agriculture). 

Zeolites are a complementary product to bauxite residue, with niche markets. The 
use of zeolites in broadacre agliculture is not currently considered economically 
attractive, with the cost being 10 to 20 times that of residue when used in the Peel-
Harvey catchment -

Bauxite residue is cun·ently a waste matelial, and its use can be considered more 
environmentally desirable than the quanying of new materials. 
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1. 4. 5 Scope of proposal 

1.4.5.1 Why the use of bauxite residue is restricted to the Peel-Harvey Catchment is not 
adequately explained. Based on the Public Environmental Review document it would 
not be appropriate to restrict use of bauxite residue to this catchment. 

It should be noted that there are no restrictions on the use of bauxite residue either 
inside or outside the Peel-Harvey catchment, and it is already being used in a 
number of locations. This PER results from a decision by the proponent to invite 
public and EPA comment on both existing and more widespread use. 

However, EPA procedures are generally set for firm site-specific proposals and are 
not designed to endorse the use of materials or products (page 14, para 6). The 
formal EPA appraisal process is, in effect, being used as a mechanism to ensure 
there is open public discussion of bauxite residue use. As the proponent has a legal 
responsibility nnder the EP Act to implement nutrient reduction programs in the 
Peel-Harvey catchment, it wa..'i seen as appropriate to identify the catchment as th.e 
geographical boundaries of the proposal. This approach was considered acceptable 
by the EPA. 

Additionally, it should be noted that the Peel-Harvey coastal catchment is the region 
of greatest need, and covers most of the area immediately adjacent to the bauxite 
residue stockpiles. 

1.4.6 Adequacy of information about bauxite residue 

1.4.6.1 Would have liked more information about source of bauxite residue and its chemical 
composition. 

The infonnation enclosed in the environmental review is the best available, and is 
considered more than adequate for the purposes of the PER. On-going analysis of 
the residue is currently beiilg canied out by the Chemistry Centre of\Vestern 
Australia. 

2 Control of ~nd guidelines for bauxite residue use 
2.1 Hov1 will bauxite residue be applied and by who. 

General techniques of application are spelt out in the PER (ie 5.1, 6.1.1.1, 6.1.2). 
Personnel involved in spreading residue, in the situations covered by this PER, \vill 
be determi.11ed after the EPA has commented on the general acceptability of 
widespread residue use. It is anticipated that ALCOA and the Depattment of 
Agriculture will jointly negotiate atl an·angement which meets tl1e EPA cdteria 
established following their assessment of the PER. 

Because the exact teclmiques of residue application have been improved drasti.cally 
in recent yem·s, it is considered important that precise techniques are not prescribed, 
and that t1exibility is allowed. The important issue is seen as determining what 
environmental constraints, if any, may apply to residue application. Adjustment of 
techniques can be made, if necessary, to meet those constraints. 

2.2 Who is responsible to ensure the blending and application of bauxite is done in 
accordance with any Code of Practice and not applied in excess. 

The Western Australian Department of Agriculture will maintain, in conjunction 
with other agencies and institutions, and to the satisfaction of the EPA, a program 
of strategic monitoring of residue use, established through the Code of Practice for 
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the use of bauxite residue (as committed in section 12 of the Public Environmental 
Review). 

2.3 Concerned that when bauxite residue not mixed with gypsum, pH of residue can cause 
minor burns. Suggest should only be applied with gypsum (to control pH). 

The concern about pH is recognised. However, bauxite residue does not fall into a 
hazardous category for transport set down by the Department of Mines, and it~ use, 
as set out in the PER, will meet Occupational Health and Safety requirements. 

Additionally, mixing with gypsum in the dry state may only reduce the pH of a 
small proportion of the bauxite residue particles, that is it gives a false impression 
of the nature of the alkalinity in bauxite residue. Without gypsum the natural 
neutralisL11g effect of the air and organic matter in the soil is sufficient; and much 
more effective in reducing pH. 

In recent trials by the Chemistry Centre (Bob Jeffery pers. comm.) bauxite residue 
without gypsum was analysed for its alkalinity. The bauxite residue was prepared 
for ren1oval to be used in soil mnendment (witt1out gypsum). This work has shown 
that there is about 3% sodium carbonate in the bauxite residue. This shows that the 
alkali has converted from sodium hydroxide to sodium carbonate on exposure to 
air, even on lumps as large as 10 em. 

Sodium carbonate is a common constituent in clothes washing powders which is 
enjoying a retum to popularity over phosphate based washing powders. The level 
of sodium carbonate in washing powders is much higher than in bauxite residue 
used for soil amendment. 

For these reasons the addition of gypsum to bauxite residue for safety reasons in 
broadacre agriculture is not considered necessary. People should follow standard 
safety procedures for eye and respiratory protection (pll para 2) when spreading 
bauxite residue. 

In some cases, such as with soil blends for domestic gardens and septic systems, 
the use of gypsum may be beneficial in adding calcium ions to a much diluted 
mixture to reduce the pH. The rnain ernphasis however is on the thorough mixing 
and use of the natural buffering capacity of the mixtures to reduce the pH, and not 
on the gypsum alone. · · 

2.4 Areas witl1 acid soils where bauxite residue without gypsum is to be applied should be 
identified and the 1nanner in which it is i1nple1nented should be determined. 

The final decision on whether bauxite residue is to applied on a propetty will be 
made by individual landholders. Tlus will be in consultation with the appropriate 
agencies, and genemlly follow consideration of a range of agronomic and other 
1ssues. 

The soils of the catchment have been mapped, and this provides some general 
guidance to the areas where amendment is most applicable. The degree of 
acidification of these soils is primarily due to the effect of the vegetation growing on 
it and the way it is managed. Specifically soil which has had legumes growing on it 
for a number of years becomes acidic, and this is increased if hay is cut and not fed 
out on the area from which the hay was cut. Smne fonns of nitrogenous fertilizers 
also have an acidifying effect. As a consequence the level of acidity of soil cannot 
be identified simply from soil maps as these cultural component~ that have to be 
taken into account. 
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The sandy soils which are most likely to benefit from bauxite residue to improve 
their phosphorus retention are those which have little iron and aluminium oxides. 
These oxides give the more fertile soil a colour from brown through red to yellow. 
Sometimes these retentive soils are deceptively grey on the surface with the 
coloured oxides below the surface. If the sandy soil has had a long history of 
phosphorus application, it may become phosphorus "saturated" and may benefit 
from application of bauxite residue. Again, soil mapping has limited applicability. 

A very broad guide for the identification of those sandy soils which have potential 
for improvement of nutrient retention from bauxite are those which have a grey 
sandy smface. More accurate mapping of the potential soils can be seen from the 
land resources maps produced by the Westem Australian Department of Agriculture 
(Van Goo! (1990), Wells and Hesp (1984), Van Goo! and Kipling (1993)). 
Similarly, broad indication of these soils is shown in this tnapping by the pale 
yellow areas. There are other soils besides these and closer scrutiny of the map 
legend should show these. 

Aside from this identification of the potential areas it is im pmtant to reiterate that 
cultural variations will result in the need to assess each site for the potential for 
improvement by bauxite residue. Bauxite residue is not a cure all and it must be 
used in a measured and considered manner. 

2.5 All precautions should be widely publicised and implemented to minimise environmental 
and public health effects (short and long term). 

Noted. Ensming that this happens is one of the purposes of this PER. 

2.6 The State government should assist farmers in the con·ect application and management 
of bauxite residue (ie fund Land Care groups). 

The Western Australian Department of Agriculture already provides considerable 
support to Land Care groups, with a major component of funding in the Peel
Harvey catchment being directed towards this. The depmtment is committed to 
ensuring that adequate information <md advice on residue application is available to 
landowners. 

2. 7 VVhat 1nanagernent strategies arc place lo educate land users and to prevent abuse of 
the amended soil advantage (Eg over application of fertilisers/pesticides to gain 
productivity). 

The Department of Agriculture has already established 1najor long tenn trials ai1ned 
at producing the infonnation needed by fanners to "re-calibrate" their fe1tiliser 
application rates to suit amended soils. Results will be fed into existing 
Depm·trnental programs which are aimed at assisting farmers and market gardeners 
to apply only the fertilizers that they need. This advice is generally based on site 
specific on soil tests. However, it needs to be recognised that fertiliser application 
rates is a decision made by individual landowners, and is not subject to any 
controls. 

Amendment with bauxite residue will increa~e the efficiency of fertilizer use and is 
expected to reduce the application of fcrtiliz.crs. The 1nain soil types which suit 
banxite residue application are low in production value, and do not produce returns 
that would support the cost of excessive nut!ient application, With the "cost-price 
squeeze" very few fanners can afford to waste fertilizer. 

Over-application of insecticides is not expected to be a side issue of the advantage 
gained from bauxite residue application. 
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2.8 Concerned that if not applied properly, dust from bauxite residue application may 
contaminate surface waters. 

Although the application of bauxite residue will be subject to a Codes of Practice 
developed by the Westem Australian Department of Agriculture, and this will act to 
limit the production of dust, the possibility of dust reaching surface waters is not 
seen as an issue. The environmental impacts of dust are centred around either 
leachates or the physical effects of the particles. Both of these aspect~ have received 
attention in the PER (page 33 section 9.4.3, page 34 section 9.6) and are not 
considered to be a potential problem. 

2. 9 Concerned that high application rates (250 tlha) may have a significant impact from 
heavy metals, fluoride and salts, particularly sodium and sulphate. At lOOt!ha impacts 
from salts would be minimal. 

As mentioned in the PER, bauxite residue application has been studied at rates o[ up 
to 2000 t!ha where these concerns were addressed (page 32, 33, 34, section 9.4.3). 

Long tenn monitoring will be carried out. 

2.10 In the event that availability of bauxite residue is restricted, disttibution should be 
determined on the basis of site suitability and cmTesponding environmental benefit. 

Noted. 

2.11 Note that a rezoning proposal at Kwinana may result in a portion of cnrrently available 
bauxite residue becoming unavailable. 

Noted. However the production of bauxite residue, over and above the present 
reserves, exceeds 12 million tonnes per year. This is far in excess of cmTent 
expected needs. 

3 Soil amendment 
3.1 Bauxite residue by itself \Vill not re1Y10ve the need for prograrns to rn1n1rnis~ ferti11ser 

and nutrient losses, 

Bauxite residue is only one of 111a11y tools and techniques for the reduction of 
fettilizer and nutJient loss. The Departtnent of Agriculture is committ.ed to many 
other methods of minimising nutrient losses (page 13 para 4). The use of bauxite 
residue alone cannot meet the tm·gets of reducing nutrient loads. Bauxite residue 
only improves the nutrient retention of sm1dy soils and more than a quarter of the 
catchment has clay smfaced soils. Other teclmiques m·e necessary to reduce the loss 
of nutrients fro1n these soil types. Programs airned at the development and 
application of other techniques are unde1way, and will continue. 

3.2 How is economic level of application determined? (See Page 18, paragraph 6 & Page 
19, paragraphs 3 & 4). 

\Vithin t~e parameters set out in the PERj t_l].e final decision on econmnic apphcation 
rates will be set by lru1dholders and any others involved in beming the costs of 
application. Economic analysis of application rates, as referenced in the PER, 
related purely to cunent grazing entei·prises. This analysis has been conducted by 
the Depmtment of Agliculture. The statement on page 19 states that probably the 
most economic rate, for broadacre landholders, is between 10 and 20 t!ha. 



8 

Tdals by the Western Australian Department of Agdculture has shown that 
improvements in pasture production, levels-off (plateaus) between 40 and 80 t!ha. 
The steepest point in the response curve occurs between 10 and 20 t!ha. Applying 
more bauxite residue result~ in a diminishing return. The cost of application at this 
point will provide the most return for pasture production. Coincidentally the 
retention of nutrients follows a similar curve and the best retention of nutrients over 
an extended leaching (equivalent to five years rainfall) lies somewhere between 10 
and 20 t!ha. 

The improvements in growth and cost of use will vary depending upon the 
enterprise, however, based on normal grazing operations the application of bauxite 
residue in the order of 10 to 20 t!ha is economically viable. With horticultural 
enterpdses it is not considered that factors other than economic will dete1mine the 
heaviest rate of application used by growers. 

There are many other land uses in the catchment where the cost of residue will be a 
relatively minor consideration, such as in horticulture, recreational areas, and in 
effluent treatment. In these situations application rates of 250 t!ha or above may 
"'""11 h"" ""f'A1">Arn-ir-alh, 1nchfit:>..-1 
VV \ .. d.~ UV VV\JJ.H../U.J..lVL.LU J JU-<JW-.L.LVV-o 

It is expected that inclusion of broad environmental benefits in a cost/benefit 
analysis would show that financially supporting residue application is an effective 
means of gaining improvements in estuarine health. 

3.3 Public Environmental Review should have given more consideration to the relative 
merits of five-yearly applications of 'low' rates of bauxite residue compared with less 
frequent applications at higher rates. 

The PER is concerned predominantly with outlining possible environmental issues. 
Adjustment of application rates, within the parameters determined as acceptable to 
the EPA, will be an ongoing process. The Depmtment of Agdculture already has a 
progrmns of llials and assessments in place to provide information to landholders 
on the relative merits of a range of application techniqnes and rates. 

Page 22 of the PER gives the context within which application of lower rates can be 
viewed. In the earlier trials, bauxite residue was applied at up to 2000 t/ha. It was 
discussed in the Peel-Harvey Environmental Review and Management Program at 
200 t!ha, and rejected for economic reasons. The application rates of l 0 to 20 tlha 
are low rates and it is cunently thought that reapplication will be necessary. The 
exact time span is not known but it has been estimated t'lrough llials that the initial 
application should last at least five years. 

The application of 10 to 20 t!ha is based on the achievement of both reductions in 
phosphorus loss rates and improvements in growth and it is expected that 
reapplication vvill occur. The upper level of 250 t!ha is expected to be v/arnmtcd and 
viable only in situations where-high inputs and outputs occur. 

3.4 How frequently would re-application be required to continue the benefits with respect to 
erosion? 

Exact measurement to determine any benefit•; of residue application in reducing soil 
erosion have not been made, although the improved pasture cover following 
amendment can be expected to reduce erosion to some extent The major factor in 
tl1e decision to re-apply is expected to be exhaustion of the capacity for phosphorus 
retention. 
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3.5 I wish to lodge a fonnal protest about this proposal until I receive a satisfactory 
explanation about issues associated with the amount of salts produced and gypsum, and 
the increased pH associated with its use making areas unsuitable for cereals and natural 
grasses. 

In one major trial the use of bauxite residue at 40 t/ha increased the pH of a pasture 
paddock from 3.5 to 4.5, which is well within the desirable range of cereals and 
natural grasses. Other field tlials have shown that clover and grasses grow well 
where red mud has been applied; better than where it has not been applied. Clover 
is more susceptible to salts than grasses and cereals. Where studies have considered 
results from application rates in excess of 250 t/ha, the salts leached were not 
considered likely to cause problems. The PER recommends rates below 250 tlha. 

3, 6 On what basis is the statement made that soil phosphorus 1evels in the catchment are 
now such that furtl1er reductions in fertiliser efficiency are unlikely unless improved 
fertilisers become available (Page 12, paragraph 3). 

Fertiliser use has generally been declining for a number of years, mainly due to the 
reduced profitability of farming and high cost of fertiliser, and to programs bv the 
Western ·Australian. Department of Agriculture which assist farmers to fertilize on 
the proven requirements of soil tests. 

Data collated in 1991 showed significant drops in phosphorus levels on a range of 
soil types (PHCSG, 1991) and Departmental advisory experience in the past two 
seasons has been that phosphorus levels have generally reached the point where t.'le 
majority of recommendations based on soil tests are for increases in application 
rates. 

Modified slow release fertilizers show considerable promise. Cunently, coastal 
superphosphate is considered to be the best alternative to normal superphosphate as 
a slow release fertiliser. However, paired catchment trials over several years 
comparing coasral superphosphate with normal snperphosphate were unable to 
show a reduction in phosphorus loss from coastal superphosphate. The catchment 
treated witl1 coastal superphosphate lost slightly more phosphorus than the normal 
superphosphate treated catchment (Silberstein and Schofield, 1990). Development 
work is proceeding. 

3. 7 The slightly increased salinity is unlikely to be a problem in high ralnfa!l areas. 

Noted. 

3.8 The reference summaries quoted in the PER did not cover the retention of organic P by 
bauxite residue. 

Most of the trials in the reference summaries measured "total phosphorus", which 
has a con1poncrll of bot.\ inorganic and organic forms of phosphon1s. The ain1 of 
these trials have been to reduce the total amount of phosphorus leaving the land. 
The exact partition or component of phosphorus is not as important due to the labile 
nature of phosphorus between organic, inorganic and with particulate association. 

There is an exception to this in the work of Hofstede and Ho (1992) who found 
Increased stability of organic 1natter through the addition of bauxite residue during 
the composting process. 

3.9 Section 5.3.1 and Page 22, paragraphs 6 & 7 describe research work but do not provide 
enough information about site conditions (Eg. how important was smface runoff 
compared with vetticalleaching, how well mixed was the bauxite residue). Also the 
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research was done on soils with a low pH (about 3.5) and therefore I am concerned that 
many other soils would not respond to the addition of lime, and therefore possibly not 
bauxite residue, at the rates promoted in the Public Environmental Review. 

3.10 With respect to soil acidity and pasture production Public Environmental Review 
document gives impression that yield increa~es with bauxite residue application are 
assured (See Page 13, paragraphs 6 & 7). Cuncern here is promotion of bauxite residue 
as a fix -all. 

3.9 and 3.10. Extensive references coveting these factors are contained in Section 
13 of the PER. Agronomic pe1formance of bauxite residue is covered by research at 
a wide range of sites, with a range of pH. 

The research work refers to field trials on areas where there is an impermeable 
hardpan below the smface. At the beginning of the season there is some vertical 
leaching to the hardpan layer. During this peliod there is no visible runoff. After the 
d1y depressions begin to fill, the water reaches a level where streamflow begins. 
The source of the streamflow is from a combination of vertically leached water and 
sud"ace runoff \Vater that is frmn inundated and very flat areas close to the surface 
expression of the water table. The bauxite residue was only lightly mixed into the 
surface using haiTows. 

The response to bauxite residue in the shmt term is clearly pH dependant initially, 
and the relationship between pH and the a.tnount of bauxite residue needed for short 
term improvement in growth has been approximated- this was stated exhaustively in 
the review. The long tenn improvement in growth is due to the increase in plant 
available phosphorus wl1ich is less dependant upon pH. This improvement in plant 
available phosphorus has also been a<;certained. Despite this it is suggested that 
those wishing to use bauxite residue for an agronomic response first mn some test 
snips. It is also recommended (page 8) that the soil be tested to avoid the effects of 
overlin1ing. 

The aspect of mixing appears to have been confused due to early repmts of the 
he lief that a high level of mixing in pasture is necessary. However, the large scale, 
brc:ad-a~re field trials (80 1l!m and below) haye shown that mi;cing !he ?auxite 
''"'"'rlne •<> ,..,,....,t -:>" 11'\"'l.,..,.A<+n.•-.t- +A•• .,..,..,._...,.,,.....,;- ••a.t·a.nt~nn ')'">rl •mn••n·up.n -n•Y"\nne·hnn ~~(' 
.lV.;).lUl.IV h) .ll\Jf., U.() ll.!!}-JUJ. LU.Ul 1.\.J.l !I U.U !\ . .'!.tl -~ '-'1•\.'.tl\ • ..lVJ.t ~~-IJq_ .U-'-'-,F-'- ~~ YVU J!-'- ,_,\ .. H.-•vw.u.u . ..... ,) 

expected. These trials ;,vere designed to mimic the tecl-1niqucs rcadi! y available to 
landholders. with minimal mixing (onlv harrowinl.!) and were unite successful in 
reducing ph~sphorus loss and improvi11g nutrient 7-etention. " 

As well as the tlial on soil with a pH of 3.5, referred to in 309, trials have been 
repeated at the higher pH's (4.5 to 5) more commonly found on the sandplain, and 
similar improvements were demonsu·atedo 

For higher application rates (up to 250 t/ha) in other, 1nore intense, land uses 
mixing is more important because the bauxite residue could form a physical banier 
and is too concenu·ated on the smface. In nrban uses the PER recommends 
extensive mixi11g, or use of pre-mixed soil blends. 

The PER does not promote the use of residue as a fix -all, and the Department of 
Agriculture is involved in the development and application of a range of other 
techniques allned at acPievi.'1g environ1nental improvements in the coastal catchment 
and its estuary. The PER gives no guarantee on pasture production increases (ie 
p 13, para 6 "shows considerable potential for reducing sub-soil acidity", p 13 para 7 
"offers the prospect of significant improvements in pasture production"). 
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3.11 At application rates < lOOt/ha gypsum has been found unnecessaty. However. gypsum 
has additional benefits apart from neutralising acid, such as improving the Sodium 
Adsorption Ratio, important for functioning of roots of plant~. 

The gypsum is not used to neutralise acid. The role of gypsum is to reduce pH but 
not substantially reduce alkalinity. It does this by converting the sodium carbonate 
which has a high pH to calcium carbonate which has a lower pH. 

The application of gypsum as mentioned was found unnecessary in field tlials at 
application rates < 100 t/ha. These trials showed no fmther improvement in growth 
when gypsum was added to the bauxite residue. In fact there was a slight (but not 
significant) reduction in the pasture production when gypsum was applied at the 
lower rates (below 40 t/ha). As a consequence the effect on the sodium adsorption 
ratio was not sufficient to justify the use of gypsum. Similarly there was no 
improvement in phosphorus retention with the application of gypsum v;hen bauxite 
residue was tested below lOOt/ha. In this case there was a slight (but not 
significant) reduction in phosphorus retention fi·om the addition of gypsum at the 
lower rates (below 40 t/ha). 

4 Effluent and waste management 
4.1 Bauxite residue may be able to be used along the same plinciples as synthetic mtile 

processing waste is for dairy waste. (See Masters, B K, 1993 Management of dairy 
waste: A low cost treatment system using phosphorus adsorbing materials Wat. Sci. Tee 
Vol27 No 1 159-169). 

Noted. 

5 Stormwater, drainage and wetlands 
5.1 On what basis is the statement made that the most effective wetland fillers are those that 

have bauxite residue rnixed into their soils. There arc many other vvays in ·vvhich 
\Vetlands :filters can be designed to reduce nutrient flow. Concern here is pron1otion of 
bauxite residue as a fix-all (Page 13, paragraph 5). 

The statement was based on expelience in the Peel-Harvey coastal catchment. 
Bauxite residue has ve1y high phosphorus adsorption capacity. Adsorption is a 
physical and chemical process by which these dissolved pollutants adhere to 
suspended particulates or onto bottom sediments. Adsorption of phosphorus is 
dependant on the sediment type (Stockdale, 1986). Richardson (1985) found that 
the ohosphorus adsorption cauacity of a '"wetland soil can be nredicted bv the 
extractable aluminium conterit of the soil. Richardson and Davis (1987)-also 
concluded soil adsorption chemistry is one of the keys to storing phosphoms in 
wetlands. 

Residue use is not being promoted as a fix all, merely as an extremely efficient tool 
when used in the right situations and wil11 the right mix of other techniQues. The 
Department of Agriculture is involved in other d(welopmenta! work involving the 
use of plant species, such as Sudax and various reed species, to scavenge 
phosphoms from drainage sumps and rehabilitated wetlands. 

5.2 There is insufficient data on tl1e impact of using modified bauxite residue as a filter 
medium, pruticularly in relation to drainage structnres and infiltration basins. 
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The work refened to in the PER by Ho et al (1985), Ho et at (1986a,b ), Ho et al 
(1987), Ho et al (1989), Ho et al (1991), Ho et al (1992a,b), Kayaalp et al (1988), 
McAuliffe and Evangelisti (199l),Vlahos et al (1989) covers the removal of 
nitrogen and phosphorus by bauxite residue as a filter medium, removal of viruses 
and bactelia, the leachates from bauxite residue and the design of stmmwater 
quality control basins. The data from these were obtained from laboratory column 
trials, field lysimeters and full scale effluent treatment systems. 

Fmther research is being earned out by the Western Australian Water Authmity and 
Murdoch University on an sewage treatment filter at Pinjana as a long term trial. 

5. 3 The Public Environmental Review document does not address issue of contamination of 
water from heavy metals that may leach from bauxite residue due to low pH conditions 
resulting from acid spillages or illegal discharges to drains . 

.AJthough t.lJ.ese are unlikely events, tl-J.e discharge of acid to drains is \VO:rt.hy of 
consideration. Also worthy of consideration is what would happen if the discharge 
occurs where there is no lining in the drains. If there is no bauxite residue, the 
heavy metals \VOuld not be held and would contruninate t..~e \Vater. There are very 
few heavy metal absorbing materials that will not liberate the heavy metals on 
reaction with acid. The acids themselves would become pollutant~ and the bauxite 
residue would act to neutralise them. 

5.4 We hope tlJ.at Councils \Vill insist on using bauxite residue to catch nutrients and heavy 
metals in the hundreds of stormwater sumps in the catchment. 

Noted. 

6 Other uses for bauxite 
6.1 I support the use of Bauxite residue for other uses such as modified domestic septic 

tanks. 

Noted. 
6.2 Research into other uses for bauxite residue should be supported. (Eg. for piggeries and 

dairies, stonnv,rater runoff~ its use in corn post, for Yva~~tewater treat:::nent pJant effluents). 

Noted. 
6. 3 The use of bauxite residue for silviculture should be investigated. 

Noted. 
6A Any legislation advocating the use of bauxite residue should set out the need for controls 

on uses apart from broad acre and point sources. 

Legislation advocating the use of residue is not envisaged, or likely. All the PER 
seeks is open public discussion, and assessment by the EP /-.,. of any possible 
environmental impact~. Following the PER it is likely that Government will seek an 
armngement with Alcoa that enables the widespread use of residue. The nature of 
this anangement is currently under discussion. If this anangement were to include 
legislation, it would be "enabling" legislation, advocacy of use is a totally separate 
issue. 

The PER contains extensive reference to the use of bauxite residue apart from broad 
acre and point sources. -
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7 Long-term, cumulative and environmental impacts 

7.1 General comments 
7. I .1 Despite the copious amount of work which has been canied out, the long-tenn impacts 

cannot be defined with certainty. Suggest first stage approval should be granted until 
long-term issues adequately resolved. 

7 .1.2 Plior to long-term permission being granted, at least two sites should be monitored for 
at least 5 years for the movement and loss of heavy metals, radioactive elements and 
salts. Snggest that Pinjan·a Treatment Plant Red Mud Ponds could be one such site. 

7 .1.3 Concemed bauxite residue may not be the final solution because of need to repeat 
applications. 

7 _1_4 Prior to long-tenn permission being granted, monitoring to assess the effectiveness of 
low rate applications with a view to determining when re-applications are necessary 
should be undertalcen. 

7 .l .5 State govemment should fund research in the long te1m monitoring of bauxite residue 
applications. 

7.1.1 to 7.1.5 
Bauxite residue is not to be considered a final solution or fix-all, and t..his is stated i.11 
the PER. It is one of many tools to reduce the algal blooms in the Peel-Harvey. On 
it's own, bauxite residue will not control the problem, but may be capable of 
reducing t~e phosphorus load by up to 30o/o (page 30 para 7). This only part of t1.e 
way to the targeted 50% reduction set down by the ERMP and consequently residue 
use must be seen as an integral part of the whole program. 

It is proposed that the residue program wlll be subject to ongoing assessment and 
adjustment. This is pmticularly appropliate given the speed at which the ctment 
technologies have been developed, and are being refined. 

The proponent is already committed to a program of strategic monitming of residue 
use, in cor~junction \-Vith other agencies. The ¥/ater Authority is already cornmitted 
to rnonltoting the Pinjarra Se\vage Treatlnent Plant effluent in-igation fleld in 
coninnction with Murdoch Universitv. The orooonent has alreadv committed funds 
to this project. The proponent will also monitor' a large catchment treated with red 
mud for five years. Monitoring to establish the possible need to re-apply residue is 
seen as primatily an agronomic issue, not an enviromnental one. Research on this 
aspect is already nndetway. 

7. 2 1'-~utrient loads 
7 .2.1 Snggest that P concentration in water leaving banxite residue mnended soils should be 

used as the critelion for effectiveness m1d to detennine frequency of re-application. 

As outlined in the PER, environmental effectiveness, and hence benefit to the wider 
community, is lm·gelv achieved through the "haoov co-incidence" of both 
environmental and economic benefits-being defi~ed from residue use. Unless 
residue is applied Ul.rough a ma.;;sive state funded prograrn, initial application and 
subsequent frequency of application willlm·gely be determined by the economic 
judgement of individual landholders. The PER is merely seeking environmental 
approval for widespread use to proceed within certain gross parameters. 
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Whilst P concentration may be the ideal measurement of the environmental 
effectiveness of bauxite residue, it is very difficult and expensive to measure in 
practice. Additionally very few sites which drain into a measurable point. There are 
other methods to detetmine the effectiveness of bauxite residue to retain nutlients, 
and these have been desclibed by the Chemistry Centre (Allen, D. G. and Jeffery, 
R. C.,l990 ). There are also other factors not relating to phosphorus retention that 
need to be taken into account such as pH, plant species, soil type, fertilizer history 
and amount of fettilizer added since application of bauxite residue. 

The monitming of benchmark sites that mimic the general practice of fettilizer 
application for the area will also aid in determining the frequency of reapplication. 

7.3 Health and safety 
7. 3 .1 Lack of radiation levels, loss of salts frmn amended soils and tlJ.e level of fluoride 

should be assessed by the Health Department of W A, particularly with respect to long 
tenn impacts. 

Significant benchmark data was collected on these factors for the PER. The 
Department of Agriculture is keen to collaborate on any initiative by the Health 
Department to establish base line levels of water quality, though this would be 
possibly most efficiently achieved in conjunction with the range of agencies that 
already function in this area. The Department of Agriculture, on advice from the 
Radiological Laboratories, '.vill monitor key sites to determine the background level 
of radioisotopes in groundwater ar1d the effect red mud has on that level over the 
monitoring period. 

7 .3.2 The use of bauxite residue in application rates proposed (100-250 t/ha) will not result in 
radioactivity levels above those in bauxite ore and m·e approved. Where application rates 
exceed that level the Radiological Council should be notified and an assessment of the 
radiological impact made. Other uses of bauxite residue where high human occupancy 
may result, such as for construction material, may need individual approval from the 
Radiological Council. 

Noted 

7.3.3 Concemed about heavy metals and radioactivity in bauxite residue. Consider that 
extreme caution should be used at first (Eg. moniior food products for contamination for 
several years, ens me people applying bauxite residue wear respiratory protection & 
lllOllltor before and after radiation levels). 

Food products have been monitored for some years and monitoring is continuing. 
No problems have been recorded. 

The need for respiratory protection (page 11, 1.9 and 31) was repeatedly 
emphasised in the review. 

There has been exhaustive studies into tl1e before and after radiation levels which 
has been verified by the statement in the previous statement (7.3.2) from the 
Radiological Council. 
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7 .4 Salts and trace elements 
7 .4.1 Research is required to understand the long-tetm leaching of salts from the catchment to 

the estuary. Expect few problems. This research would help determine acceptability of 
use elsewhere (Eg. Jandakot Mound). 

Long term research is being carried out on the Pinjam. Waste Water Treatment 
Pond facility which should provide this infonnation. 

7.4.2 Use of gypsum and the long tenn effect in the balance between minimising initial 
leaching of salts and achieving improved Sodium Adsorption Ratio should be 
investigated. 

The application of gypsum as mentioned was found unnecessary in tleld trials at 
application rates< 100 t/ha. These trials showed no further improvement in growth 
when gypsum was added to the bauxite residue, in fact there was a slight (but not 
significant) reduction in the pa.~ture production when gypsmn '.Vas applied at the 
lower rates (below 40 t/ha). As a consequence the effect on the sodium adsorption 
ratio was not sufficient to justify the use of gypsum. Similarly there was no 
i1nprovement in phosphorus retention vvith the application of gypsum \vhen bauxite 
residue was tested below lOOt/ha, in fact there was a slight (but not significant) 
reduction in phosphorus retention from the addition of gypsum at the lower rates 
(below 40 t/ha). 

7. 5 Marine and freshwater impacts 
7.5 .1 Concerned about long-term impacts of wide scale use with respect to the health of the 

waterways (Eg. potential of bio-accumulation in the food chain, on water quality a11d 
peripheral vegetation). Commitments to address these impacts should be made. 

These aspects will be addressed in the monitoring programme. 

7 .5.2 Concerned that impmities/heavy metals bound to the amended soil washed into the 
estuary/marint: t:nvironment may then be released. Would these impurities concentrate in 
the food chain or have adverse effects on estuary/marine Hfe which may ingest soil. 

The PER provides references to the lack of heavy metal contamination caused by 
residue. It also provides references as to the ability of residue to reduce the mobility 
heavy metals in soils (Hofstede and Ho, 92). Any heavy metals likely to be bound 
to red mud would need to come from materials already being applied to tlw 
catchment If there is no material retaining the heavy metals (ie. if soil amendment 
docs not proceed) then they are even more likely to wash into the estuary. 

Will minor variations relating to radiation levels have an adverse effect on the estuary 
aquatic ecosystem. 

Although it has been shown that radioisotopes do not leach from bauxite residue, 
this aspect will also be monitored a.~ part of monitoring for heavy metals. 

Ho-·w hnpot---wnt is sulphate loading frmn the ocean cornparcd with the catchrnent in the 
sediments of the estuary, ru1d how will this proposal. affect sulphate loadings. How wili 
this proposal affect the long term accumulation of H2S in the estuary sediments. 

Bauxite residue contains minimal amounts of sulphates. It is only when it is mixed 
with gypsum that sulphate levels can become significant. The use of gypsum will 
be limited for most low rate applications. In a recent trial the total level of salts (only 
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a proportion of these were sulphate) leaving a sub-catchment (30 ha) treated with 80 
tlha bauxite residue amended with 10% gypsum were at the very worst 200 mg/L 
(at the most 140 mg/L of sulphate) more than the untreated catchment. This is not a 
great level when one considers that upper limit of sulphate for potable water is 400 
mg!L. The level recorded for the 30ha catchment will be many times the level 
expected because gypsum will not be used in most bauxite residue, and the 
application rate will largely be about 20 t/ha. 

The concentration of sulphate in seawater is 2700 mg/L and the contribution of 
seawater to the sulphate in the estuary is dominated by seawater exchanged with the 
ocean. This will be more so after completion of the Dawesville channel. As a 
consequence the sulphate contribution of the bauxite residue is expected to be 
negligible. 

7 .5.5 The use of bauxite residue adjacent to Water Autholity drainage structnres, infiltration 
basins and drainage catchment areas should be monitored to; 

• ensure heavy metal contamination is not occun1ng; 

• ensure dust does not reach drains; and 

• ensure supetficial groundwaters and receiving waters are protected. 

Monitoling to meet these criteria will largely be addressed through monitoring being 
undetiaken at the Water Authority Waste Water Treatment Pond at Pinjarra. The 
possibility of dust reacPing drains is not seen as being of concen1. Considerable 
documentation is cited in the references where drainage structures constructed 
wholly or partly from residue were evaluated. 

7.5.6 The Water Authority is opposed to the use of bauxite residue in a Pliolity 1 source 
protection area. Proposals to use bauxite residue in the Pliolity 2 part of the Jandakot 
Underground Water Pollution Control Area should be referred to the Water Autholity 
for assessment. The \Vater Authority is discouraging further establishn1ent of 
horticulture in the Priority 2 part of the Jandakot Underground Water Pollution Control 
Area 

Noted, but it is suggested that there be ongoing appraisal of these constraints in the 
light of the rneasured perfonnance of residue, and evaluation of the consequences 
of the nutrient and heavy metal pollution that is currently occurring on the Jandakot 
Mound, and which could be reduced through the use of residue. 

7.5.7 Existing background levels of chemical constituents and radioactivity should be 
deten11ined for groundwater in the areas where bauxite residue is to be disu·ibuted so 
that long term changes can be detennined. This is important in view of the expansion of 
residential areas on Special Rural and Rural prope1ties in the catchment. 

It d:r:n1i! hP. nr>tr-t11h'11- ~-h:::· [•ht:>h'l; ... tr-u nf' ~~W\>:n..-h•J<__lf-"'t• it": rr:<•nu <•t•-''" ~,, ,l.·cn..--hr 
__.. .. '--'-"'-V...__._..._,_ vv .L~U'LVV U.L'-"\.L H-'-V V.L.LV.L.l.LCl!..!. J VA 6'-~.ll.UH..l \f'y U.!..VA -'--'--'- -'--'--'-i:i-'-1) i:i.l(;i:i() .!.>._"> UUL;U~) 

char1ging due to vmious land-use impacts, and attlibuting any chm1ges to a single 
factor is often difficult. It is ar1ticipated that widespread use of bauxite residue 
would reduce the changes occmTing to groundwater due to organic and 
chemical/heavy metal pollutants. 

Leaching stucHe.s by the V/estern Australian Dcpmtment of 1~griculturc have shown 
that red mud at rates of 250 t/ha produce leachates with undetectable increases in 
levels of radioisotopes. This is because the only radioactive element soluble enough 
to leach from red mud is Radium226 which is a daughter product of Uranium. The 
total level of urm1im11 in red mud is very low ar1d the amount of radioactive uranium 

~~6 
is only a proportion of tins. Even if Radium""" was produced it has a high affinity 
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for clays (Dames and Moore, 1989) and would remain in the red mud. The concern 
about long term leaching of radioisotopes also has a limited basis because the half 
life of Radium226 is only five years. Residue use has been assessed by the 
Radiological Council. 

Aside from this information, the Department of Agriculture will sample bores from 
beneath long term trials to ascertain the level of radioisotopes and will monitor 
before and after levels of radioisotopes at key sites. 

7. 6 Impacts on flora 
7 .6.1 Removal of existing vegetation in wetlands and drains so that bauxite residue can be 

applied is unacceptable. Vegetation removed would take decades to re-establish during 
which tirne aest~etic a..'1d "vildlife values are adversely affected, and there may be a 
temporary increase in nutrient discharge before vegetation establishes successfully. 

7 .6.2 Have a major concern that fatmers may be able to/encouraged to clear existing areas of 
remnant vegetation as bauxite residue could be used to prevent erosion. All remnant 
vegetation should he protected. 

7 .6.3 Remnant vegetation needs to be protected from ill effects of bauxite residue. 

7 .6.4 Prior to long-term permission being granted, monitoring to discern any impacts on 
native vegetation adjacent to amended paddocks- with a pmticular view to changes in 
species composition and mortality of nutrient-poor sediment associated plants (Eg. 
Banksia) should be undertaken. This could also address mycorrhizal and general 
rhizosphere concerns for native vegetation. 

7 .6.5 WiiJ mnended soils have soil conditions which do not favour the grov;tlJ. of vegetation 
native to the area. 

7.6.1 to 7.6.5 
Bauxite residue is only intended for use on cleared land, although separate EPA 
approvals have been given for residue use in compensation basins constructed on 
previously vegetated land subject to urban development and freeway construction. 

Protection of remnant vegetation per se is a separate issue. Through its various 
agency !:md parli&'11entary processes the State of W/J• .. has i11 place controls on 
vegetation clearance only as it relates to land degradation as defined in the Sml at1d 
Land Conservation Act, as it atTects rare t1ora and fauna, where specified through 
thr-o ct-:atntr'>•-n ..... 1 .............. ~.-.n- .............. ,...,."" ..... .-..-. ,.,..,_t.,..,~y .. :.,~ '"'~~ .... .,~.1 ,._, .rl,,m,.P"~1•.1-1 p- Lu-y· •uLlP. pnrli 
u~v >.:>LULVLV.LJ £HU.HH.iH,5 l_JlV\.A.,,:)i)' Vl a" \Jll!Vl W.l\':IV d~i':IV\':I.)CU d.<) Ui:.til u.C> O v L..J ~ -"• 

A Statement of Planning Policy exists for the Peel-Harvey catchment. This 
document controls clearing on proposals being assessed through the planning 
process. There is regular discussion with the EPA on the relative effectiveness of 
these mechanisms in the Peel-Harvey coastal plain catchment. 

It should also be noted that, as part of the catdunent managern_ent prognun of which 
residue use is a part, the Department of Agriculture is actively promoting the values 
of remnant vegetation, actively promoting strategic revegetation of the catcln11ent, 
atld actively assisting landholders to protect atld rehabilitate remnant vegetation. 
This will continue. 

In most existing cleared fannland residue use will assist in returning soils to their 
miginal pH, and restricting the movement off-site of soluble P, which is known to 
affect species such as banksia. Bauxite residue has been used to culture native 
species -in pot trials, and on residue areas as pmt of revegetation programs. 

There is no documented evidence of the effects of bauxite residue on the vegetation 
native to the Peel-Harvey catchment. There is anecdotal evidence of Zamias 
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(Macrozamia reidlei), Woody Pears (Xylomelum occidentale) and Jacksonia 
germinating or emerging and growing well on early pasture tlials using over 1000 
tlha of bauxite residue (Ward Pers Comm), 

The Deparunent of Agriculture will include in the Code of Practice a requirement for 
a l 0 meU'e buffer to be kept between residue amended pasture and remnant 
vegetation until more information has been delived from the monitoring program, 

7. 7 Impacts of haulage 
7,7, I The Public Environmental Review plays down the potential impact of u·uck haulage. Up 

to 10 000 truck movement~ could occur over a single autumn spreading season from 
and around three refineties. This needs further consideration. 

This amount of Uucking is not considered excessive, particularly in relation to 
existing truck movements. The trucking would occur over both summer and 
autumn because the spreading does affect the pasture. The major interruption to 
transport of bauxite residue is wet weather causing u·afficability problems on 
paddocks. This represents at least six months of the year available to transport The 
10 000 tmck movements (which is probably an upper limit figure) would be spread 
over three refineries and over nine shires. The 3 000 tmck movements per refinery 
over six months represents about 30 a day. The South Western Highway at Pinjan·a 
carries 4000 vehicle movement~ per day (MRD). If this is considered as a 
percentage it equates to 0.8% increase, while the projected growth in traffic for the 
~rP!l lc ') (:;(\Ot, np.1• """'.lr Tt h'lc hPPn <'>~·t~.,,,t,.rl th'li- th""''"" •>-ra '' ......,;....._;......,.,........, ,.,..{: 11 ()(\{) 
;;....._._, .... -'-" """•"-'-' <'-' l''-''- J~''"''-• _.._,_ """'--~ '-''-''-'.!l V~W-.!!..!~~~-"---'"-'· ! ... HU!.- !..U.• •. d.U '-\..!\..-• '-\. .!..U.U.!..Ll.!.!U-.I..U V!_ "-r '...!'._!\) 

truck movements in the catchment each year due to cattle production alone. 

It is recognised however, that some significant increase may occur on specific local 
government authmity roads, as the result of an amendment program by a landcare 
group or a large lando~tner. 

7.7 .2 State government should assist (fund) local governments in road maintenance for roads 
used for bauxite transportation. 

Once the EPA has clatified its views on the environmental acceptability of 
widespread residue use, the proponent is cmnn1itted to establishing, in conjunction 
with other agencies and Alcoa, a 11framework: to fac_U itate n1ore extensive u~e of 
residue~~ (pl6~ 2nd para). This framework will :necessmily involve discussions with 
local government authorities, and it is anticipated that monitoring of road use and 
any adverse impacts will proceed in conjunction with local government authorities. 

8 Adequacy of commitments 
8.1 Management commit1nents are ve1y general and should be tightened to the standard 

required for most environmental impact statements. A management and monitoring 
program shonld be prepared. 

As set out in the PER (Section 2) the Depmtment is seeking an indication from the 
EPA of the general acceptability of more widespread use of residue, within certain 
gross para111eters. Vv'hile this does not fit the norrnal pattern for a PER, it was 
considered by the EPA to be the appropriate pathway for the proposal to proceed. 
Once the overall environmental acceptability of widespread residue use is 
established, then the department will have a basis ±i·om which to establish with 
Alcoa a more detailed management and monitoring progrrun. 
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Notwithstanding this, the PER did document a number of long-term monitoring 
sites ah·eady established by the Department. Six sites are currently in place, and a 
fmther three sites will be established. These sites are being utilised to cover a range 
of attributes, including impact on water quality run off (nutrients, heavy metals, 
salts and possible radioisotopes), possible impact on native vegetation, and 
improvements or other impacts on groundwater quality. 

It is anticipated that these sites will be monitored as benchmark sites for the duration 
of the Department's active involvement in a bauxite residue program, and certainly 
for the next five years. 
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Appendix 3 

list of submittors 



State and local government 

Health Depmtment of Western Australia & Radiological Council 

Peel Inlet Management Authority 

Water Authority of Western Australia 

Shire of Harvey 

Town of Kwinana 

City of Mandurah 

Members of the public and conservation groups 

Conservation Council of Western Australia 

B K Masters and Associates 

S McCoy 

Dr G Ho, Murdoch University 

L Mullins 

Meredith Land Conservation District Committee 

B SPink 

Peel Preservation Group Inc 

K Thorn 

H B Watts 

Zeolite Appllcations Group Ply Lld 


