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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 oads to the Peel-
Harvey Estoary. 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 moenitored in accordance with environmental ccmd1t10n% set by the Minister for the
Environment for the Peel-Harvey Estuary Management Sirategy - Stage 2.

The Public Environmental Review document referred to a wide range of potential uses for bauxite
residue. However, the Environmental Protection Authority considered that sufficient information to
permit. adequate cnvironmentai assessment was provided only for broad-scale use as a soil
amendment for existing 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 Public
Environmental Review document and the proponent's response to public submissions which was
received on 10 August 1993, the Authority has concluded that the proposal is environmentally

acceptable.

Recommendation 1

The Environmental Protection Authority concludes that the proposal by the Western

Australian Department of Agriculture for the widespread use of bauxite residue for

existing broadacre agriculture and horticulture in the Peel-Harvey Coastal Plain

Catchment is environmentally acceptable.

In reachmg this conclusion the Environmental Protection Authority identified the

main environmental factors requiring detailed consideration as:

« the likely effects of hauxite residne based on the physical and chemic
character lstics of bauxiie residue, particularly aikalinity, salts, heavy metals and
particie size:

* ensuring responsible use of bauxiie residue

* potential impacts on flora;

= poteniial impacts on {reshwater and estuarine wetlands;

+ potential impacts from changes to soil permeability; and

« the need for monitoring and for monitoring results to be reflected in responsible
use.

The Environmental Protection Autherity concludes that the environmental factors

mentioned above have bheen addressed adequately by either environmental

management commitments given by the proponent or by the Environmental

Protection Authority's recommendations in this report.

Accordingly, the Envirenmenta! Protection Authority recommends that the proposai

roceed subjeci to:

could proceed subjeci

* the Environmental P
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 leve! and on sensitive or important environments, These considerations are

summarised below.

Characteristics of bauxite residue

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 1in a fully carbonated state of 10.8). 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
o

gypsum. However, adding gypsum causes an increase in Total Soluble Salts.

Total Soluble Salts

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

Trace elements and heavy mietals

Bauxite residue contains a namber of race elemeints 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, there is an imitial release of small amounts of
some elements such as arsenic, fluoride and aluminjum immediately after application. Aluminium
levels 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 unacceptabie levels in the

environment.

Reduced soil permeability and increased surface flow

The permeability of a soil decreases with the percentage of bauxite residue to sand. As mixing is not
proposed {except for horticulture), the percentage ol 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 characieristics

The fine nature of bauxite residue can cause dust, turbidity und staining. Expenience
the fine particies move down into pore spaces in the sand.

The comulative 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
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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 Cede eof Practice,
incorporating envirenmental issues, which ipclades bat is not limited to
consideration of:

¢ dust conirol during transport and application;

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



» 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 from 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 (UWPCASs). The Environmentai
Protection Authority considers that the Department of Agriculture should refer proposals for bauxite

residue use within UWPCAs to the Water Authorlty. The Water Authority may then use or amend its
by-laws to control bauxite residue use if needed. Proponents should be advised of referrals.

Potential catchment wide imnacts

Research undertaken to date has concentrated on application rates of 80 t/ha or more and has not
considered the effect of different iand-use practices on soil mixing and the subsequent changes te 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 pasture.

Recommendation 3

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

* changes to soil permeability;
» changes to pH of sarface water run-off;

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

The Environmental Protection Authority recommends that the results of the research
program be made availuble 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, [reshwater wetlands and the Estuary.

A 10m qeparation between bauxite residue applications and remnant vegetation 1s proposed to be
incorporated into the Code of Practice by the Department of Agriculture. The effectiveness of this

I

measure shouid be monitored.

Potential 1impacts on freshwater wetlands from widespread use of bauxite residue include pH
changes, increased Total Soluble Salts, increases in some trace elements, increased flow volumes
through the wetlands and increased turbidity from red mud fines.



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, avatlability 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 lcachate 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 qod mixing on individual properties and the extent to which soils in the catchment
haoua ha
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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 catchmcnts which have a high proportion of the catchment
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amended should be undertaken for each uicl_jl_u s0il 5Y: stern and for cach of the Puu.,u.uai cnvironmenial
effects identified. Monitoring of freshwater wetlands would provide a warning system of potential
effects on the Peel-Harvey Estuary.

Recommendation 4

The Environmental Protection Authorily recomimends that the proponent design and
then implement a monitoring programme which includes, but is not limited to,
addressing the following concerns for key sub-caichments and environments in the
Peel-Harvey Coastal Plain Catchment:

* adequacy of proposed measures to protect remnant vegetation;

* impacts from changes in pH and aluminium concentrations in the catchmeni on
wetiands;
* changes to surface water runoff flow patterns and volumes, and the effect of this
change on wetlands and drainage water guality;
»  monitoring of grol.nd and %urche water quality parameters, including pH, heavy
E.vs?v te confirm predictions in t!‘o thiic
and th!.s assessment renort:
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The }tm‘nmnmm Protection Auf.h{;rity 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 of Agriculture in
consultation with the relevant local authorities.

A number of health, occupational health, agricultural and economic issues associated with bauxite
residue use are the responsibility of other agencies or individual landholders.

1V



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 Ec,tumy is badly degraded because large quantities of nutrients have flowed into the
Estuary [rom surrounding farm land, urban 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 accumuiate and rot on the shores of the estuary, causing odour problems,
polluting the shore and killing wildlife and fish.

Following preparation of an Environmental Review and Management Programme in 1988, the State
Govelnmcnt accepted str ateg;e% to 1mp10vr, the estuary’s condition 1nclud1ng the construction of the
Dawesville Channel to Mllpluvc: liusuiué aind catchment managemensi to reduce nutrient iﬁp‘dL Lhi’O‘L‘lsu
controlling clearing, drainage and nutrient inputs. The Western Australian Department of Agriculture
was one of the proponents and lead agencies in preparation of the Environmental Review and
Management Programme.

Soil amendment with hauxite residue was discusse n th Environmental Review and M(maoemenf

Programme but discarded because at that time, th queq used and tonnages involved made
amendment extremely expensive and impractical. However, investigations into the use 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 alkahne (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
Environmental Review level of assessment was set. This level was set because bauxite residue use is
likely to he 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 public acceptance of
bauxite residue use to be determined.

1.1 Rele 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 furthering development of sustainable agricultural
systems on the Swan Coastal Plain and as the State Government’s lead agency for the Peei-Harvey
Coastal Plain Catchment managemen! program which primarily seeks a reduction of phosphorus
toads to the Peel-Harvey Bstuary.

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 Agriculture on behalf of the Minister for Agriculture) and Alcoa of
Australia Ltd following Environmental Proteciion Authority assessmeni. Any marketing structure
established would necd to ensure environmental conditions set by the Minister for the Environment
(after consultation with the Minister for Agriculture) 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.

e
o

o tion o
The Department of Agriculture has referred to a wide range of potential uses for bauxite residue in the
Public Environmen ai Review document. However, sufficient information to permit adequate
environmental assessment was provided only for hrnqu-qmle use of hauxite residue as a soil



amendment for existing agricultural and horticuliural 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 managecment systems, in stormwater basins and drainage structures and in construction
materials are not considercd 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 (l/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 sotl and gypsum addition considered to ensure the soil pH is

suitable for agriculture.

Recomimendations for re-application of red mud will be based on monitoring of key field trials by the
Department of Agriculture. 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 from 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 1s required. Conventional spreading equipment (multispreaders)
can be used with only minor modifications to apply bauxite residue at application rates typically used
for pasture.

Althongh 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
dacument m 2y need to he refarred to the Envirnnmantal Drnh:ch'n At Of‘lh 1'F hey are ]11! ly o bave
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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
Estuary, particularly if regular re-application 1s required to ensure applied phosphorus remains on-site

and thén re- apphcatlon does not take place.

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

'he proposal was fimited to the Peel-Harvey Coastal Plain Catchment because 1t 1s only in this part of
the State where the Department of Agriculture has overall land-use obligations reauitmg from
environmental conditions set following the Environmental Review and Management Programme in
1988 and it 15 one ol the calchments W1th a great need for phosphorus control measures.

Existing environment

The majority of the Pecl-Harvey Coastal Plain Catchment is either Pinjarra Plain or Bassendean Dune
and Plain (Wells, 1989).

The Pinjarra Plain is a broad, low relief plain west of the foothills on predominantly fluvial sediments
and some alluvinm 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 becomes more subdued from west to east.

Significant drainage works within the catchment permit rapid movement of nutrients from paddocks
to the Peel-Harvey Estuary.

(g



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-Harvey Coastal Plain Catchment are strongly acidic or acidic (low to very
low pH), as are 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 Piain Catchinent has been cleared. Little remnant vegetation
remains.

Land-use in the catchment is predominantly raral, 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 Environmental Protection Authority required that a Public Environmental Review be prepared for
the proposal. The availability ol 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 submissions from State and local government agencies.

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

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

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

= general comments ranging {rom 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;
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«  potential phosphorus loss reduction from paddocks in the long term nsing low rates and re-
application;
» the applicability of research undertaken in other parts of the catchment;
= economiics of application:
= Issues associated with salts, gypsum, and increased pH; and
+  the benefits of and need to apply gypsum;
* long-term, cumulative and environmental impacts with particular reference to:

* lack of information/comment in the Public Environmental Review document regarding this
issue;

= nutrient loads;

¢ health and safety, particularly with respect to radioactivity;

= salts and trace elements;

*  marine and freshwater Hnpacts;



* impacts on flora; and
* impacts of haulage.

* comments relating to other uses suggested in the Public Environmental Review (i.e. effluent and
waste management, stormwater 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 from 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/I. (70% qolids) and has a pH in a fully carbonatcd state of about 10.8. The
wiAda 1t ia avenesd tn

alkalinity 1s mainly present as sodium carbonate with decreasing sodium hydroxide as it is exposed to
air.

In contrast the soils of the Pinjarra Plain and Bassendean Dune and Plain are generally strongly acid,
acid or neutral ,although some seils are weakly buffered (see Wells, 1989). The pH of soils in the
region have been moditied by application of fertilisers (which acidify the soil), gypsum (which is
moderately alkaline) 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 509% of the wetlands had a pH of less than seven in contrast to the alkaline wetlands
north of Perth (Wrigley, 1988).

The effect of the alkalinity in bauxite residuc can be reduced or neutralised by adding a materjal such
as gypsum. Although gypsum is alkaline, it can reduce the alkdhmty of bauxite residue by converting
the alkaline sodiem carbonate in bauxite residue to sodium suiphate and calcium carbonate. The pH of
calcium carbonate 1s lower than sodium carbonate. However, the combination of these materials
causes an increase in soluble salts.
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It is expected that for agricultural production, the landholder would seek a final soil pH suitable for
the puasture or crop to be grown,

The application rate, the initiai acidity of the soil and the incorporation of other materials such as
gypsum influence the final change in soil and water pH. A change in soil pH from the addition of
bauxite residue would be reflected in the pH of surface water runoff leaving the amended area. Unless

applications are appropriately managed, bauxite residue could cause rapid or excessive changes in
pH.

5.2 Salts

5.2.1 Increased tetal soluble galts

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 Aothority 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



which soluble salts used in bauxite treatment to extract alumina {¢.g. Sodium) have been removed
from the bauxite residue.

The Australian Walter 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 10% by weight spread at
80 tonnes per heclare increased conductivity measured in stream-flow by 20 to 40 mS/m @ 25 oC
(220 to 440 myg/L Total Soluble Salt). This 1s shown in Figare | {(Summers et al, 1993a).
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Figure 1: The increase in electrical conductivity (i.e. total soluble solids) caused by
the application of red mud (From Summers et al 1993a).

Analysis of leachate from simulated 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 1 210 mg/L Total Soluble Salts {Summers et al 1993b). This would be diluted rapidly to
below [ 000 mg/L in “the environment. Subsequent leachate concentrations from simulated rainfall
were below 1 OOO 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




are tightly bound and require exceptional circumstances such as immersion in concentrated acid to be
released. These circumstances are unlikely to oceur 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 are well within acceptable levels.

Leachate from simulated rainfall over areas treated with nil, 20, 40 2 80 t/ha red mud or red mud
gypsum were analysed for cadmiuwm, aluminivm, iron, arsenic, fluoride and sulphate, electrical
conductivity, pH and phosphate (Summers et al 1993b). Leachate concentrations for Arsenic
exceeded Australian Water Quality Guidelines only for the first simulated rainfall. Aluminium
concentrations [rom leachates in both the untreated and treated arcas exceeded recommended
Australian Water Quality Guidelines for walers with a pH of less than 6.5. All the parameters tested
were within the maximum limits for drinking water, except fluoride when gypsum was applied.
Fluoride reached acceptable drinking water levels after 7 months simulated raintall (Summers et al
1993h).

g oil permeability and increased surface flow

For a sandy soil amended with bauxite residue, the permeability decreases as the percentage of
bauxite residue (o sand increases, as shown in Figure 2 (Reference).
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Figure 2: Permeability of a sandy soil amended with bauxite residue.




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 form 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 rainfail). 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 overfand tlow during winter, partly because much of the Peel-Harvey
Coastal Plain Catchment 1s inundated in winter and because bauxite residue can improve the water
holding capacity of the soil.

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

5.4 Radioactivity

Bauzite contains radicactive elements. When bauxite is processed about one third of the material is
removed as alumina which is low in radioactivity. Consequently there is a proportional increase in
concentration of radioactive materials in the residuc.

Bauxite residue is not defined as being radioactive by the Australian Code of Praciice 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 tine fraction of bavxite residue with over 50% of the particies iess than 10 microns in
size and 15% tine sand. When ticst 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 issuc during application and when dry on the surface
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5.6 Colour — aesthetic effects

Bauoxite residue is a dark red, and its application can initiaily change the colour of the soil. The
application rate, degree of biending and vegetation cover affect the degree of colour change.,



5.7 Conclusion

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

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

+ use of gypswn (depends on rate of 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 permeability 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

environmental effects.

The Environmental Protection Authority concludes that the proposal by the Western

Australian Department of Agriculture for the widespread use of bauxite residue for

existing broadacre agriculture and horticulture in the Peel-Harvey Coastal Plain

Catchment is environmentally acceptable.

In reaching this conclusion the Environmenial Profection Authority id

main environmental factors 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;
. petenlm! 1mpacls from changes to soil permeability; and

Ese.
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The Environmentai Protiection Authority concludes that 1% nental factors
mentioned above have been addressed adequately by either environmental
management commitments given by the propenent or by the Environmental
Protection Au:.iumiy s recommendations in this report.

Accordingly, the Environmental Protection Authority recommends thai the proposal
coeld proceed subject to:

* the Environmental Protection Authority’s recommendations in this Agsessment

Report; and

* the proponents commitments {See Appendix 1).

The following section details how the Departiment 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 resicdue as a soil amendment. Consideration of the positive effect of this proposal in reducing
phosphorus loss from the Peel-Harvey Coastal Plain Catchment will be assessed in the context of
auditing the environmental conditions for the Pcel-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 phosphorus loss is monitored. Environment
commitment 3.7 from the Peel-Harvey Estuary Management Strategy — Stage 2 is reproduced

below.
Envirenmental commitment 3.7

The success of catchment management wieasures i rediicing phosphorus losses to the estuary will be
monitored by the proponents and audited by the Environmental Protection Authority. The social and
economic effects of catchment management measures upon the catchment communit\r will be closely
monitored Dy the proponents. Current and proposed juiure monfforing studies are described in
Section 13 of the ERMP and in Section 11 of the Authority assessment report. The catchment

management plan will be 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 minimising the potential effects identified ahove. The Code of
Practice dev c,loped would need Lo be reviewed 1eguldl}y in response (0 new information from
experience and monitoring gained through bauxite residue use. Although a code would not have the
force of regulations, it is important that it be followed by users of bauxite residue.

The Departinent of Agriculture has made a commitment that a Code of Practice will be produced. The
Public Environmental Review document suggests that the Code i1s infended to address a wide range of

issues including environmental, agricultural, health and occupational heaith and method of
application.

The code will prebably become binding on contractors applying the bauxite residue through Clanses
in their contracts.

Some public submissions expressed concern that a Code of Practice or similar mechanism should
address the following issues:
¢ who may apply bauxite residue;.

i~ B LT P
safety precautions for bauxile handling:.

« whether or not gypsum is applied bascd 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.

= proximity of bauxite residue application to watercourses and remmmant vegetation.

The Department of Agriculture’s {ull response to the above comments appears in Appendix 2. Key
responses (o uwnonmentdi 1ssues raised above include the following:

v “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”.

9



*  As dust generation will be controiled by the Code of Practice the possibility of dust reaching
surface waters is not an issue.

* A requirement for a 10m 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 issuc 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 10.8. Dust could remain suspended for
long periods. This issue also has salety aspects for car drivers following bauxite residue trucks.

The Environmental 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 that the Code of Practice is implemented.

Recommendation 2

The Environmental Protection Authority recommends that prior to widespread use of

bauxite residue commencing, the proponent plepare a Cude of Practice incorporating
environmental issues which includes, but is not limited to consideration of:

et

* dust control during transport and application;
= assessment of optimum application rate based on changes to pH;

*  separation distance from soil amended areas {o rempant vegetaiion or
watercourses: and

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

to the requirements of the Environmental Protection Authority.

The Environmental Protection Authorify recommends that })cpartment of Ag riculture
monitor, and endeavour lo ensure, com pli ance with environmental aspects of the
Code of Practice.

6.2.2 Use in undervground water pollution controi areas
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In its submission to the Environmental Protection Authority, the Water Authority of Western Australia
expressed a desire to monitor and where necessary control the uge of banxite residue in the Jandakot
Public Water Supply Arca and Underground Waler Pollution Control Arcas. This was “noted” by the
Department of Agriculture in its response to submissions.

The Environmental Protection Authority considers that the Water Authority of Western Australia
should be kept informed of proposals to use bauxiie residue in Public Water Supply Areas and
Underground Water Pollution Control Areas. Howevm if the WcltEl Authority considers it
dppmpi iate (o control the use of bauxite residue in these areas, it could use or amend its 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 Control Area, the Department of Agriculture should refer the proposal to the Water
Authority ol Western Auvstralia and inform the proponent that the proposal has been referred to the
Water Authority.

6.3 Potential catchment wide impacts

The major use of bauxite residue in accordance with this proposal is likely to be for pasture
improvement. There are about 400ha of horticulture in the Peel-Harvey Coastal Plain Catchment.



6.3.1 Potential effects in response to cumulative application rates and degree of soil
blending

As indicated in Scction 3.5, the potential environmental effects of bauxite residue depend primarily on
the cumulative application rate and degree of so0il blending.

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

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

The Envirenmental Proiection Authority considers that similar research to that noted above should be
undertaken by ihe Department of Agriculture to determine the effects of Jower rates of application
which arc either repeated every [ive years until the maximum recommended levels of 100 t/ha are
reached or not repeated after an initial low application. The research should also evaluate ¢ 1anges 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-off patterns and volumnes.

6.3.2 Lffects of changes to soil infiltration rates

Section 5.3 of 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 flows are expected to become more apparent in the long term as more of the Peei-
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 qurface water flow. Figure 3 below provides a conceptual diagram of flow
patterns which could result. If the surface water flow pattern shown for loams and clays becomes
prevalent, surface run-oft may become a significant factor in nutrient export pathways.

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

The Public FEnvironmental Review document did not address this issue because the document states
fh atc H(m ges a;, nmi m{ 11r1 luon rates would nof be s :umﬁ{,ant The Environmental Protection Authmny

e + 1 Tt i n
pp“cadom of 20 t/ba af the paddock level, but considers the

1mpucauons of l'cpbdmu andfor catchiment-wide gpplication are 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 1‘1 om the monitoring should provide recommendations for changes

o the Code of Practice if appropriate.

o

Recommendation 3

4 PR £
that within six months of

The Invironmenial Protection
commencement of widespread use ot l)aux1te residue the proponent develops and
then implements a research program which evaluates the following potentlal
environmental effects for a range of application rates and subsequent soil mixing
scenarios:

+ Changes to soii permeability;

= changes to surface water runeff flow patterns and volumes; and

* changes {0 pH of surface water run-ofT;

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

The Envircnmental Protection Authority recommends that the resuits of the research

‘4

program be made availabie to the pubiic and the Authority.
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Figure 3: Conceptual diagram of phosphorus transport from ihe major soil groups
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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 permitied
on cleared areas, The alumina exiraction process effectively sterilises bauxite residue, so the
transmission of fungal diseases such as dicback 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 bauxite
residue applications could affect both the species composition of remnant vegetation and the ability of
indigenous vegetation to re-cstablish.

The proponent replied that protection of remnant vegetation is a separate issue, that there is no
documented evidence of the eflects 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 observed on bauxite residne amended soil.

The Environmental Protection Authority considers that, provided the 10m buffer is incorporated into
the Code of Practice, the application of bauxite residuc in the Peel-Harvey Coastal Plain Catchment
consisient with this proposal is uniikely to signtficantly affect indigenous vegetation. However, it
would be appropriate to undertake monitoring to ensure the separation distance is effective.

6.3.4 Ireshwater wetland and marine impacts

The Peel-Hau:vcy E&;tuary and freshwater wetlands are 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 freshwater wetlands could include pH
changes, increased Total Soluble Salts, increases in some trace elements, increased flow volumes
through the wetlands and increased tu1b|d.1ty from 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 pH. Given the extent
of mral development in the Peel-Hy arvey Coastal Plain Catchment i is ='3m1v that the pH in many

tchmer cely
wetlands already been altered (o some degree. The rate of pH change may be
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The increase in Total Soluble Salts observed by Summers et al (1993a) when bauxiic was applied at
80 t/ha are within the criteria for the protection of aquatic ecosystems i Lhu Australian water quality
guidelines for fresh and marine waters {Australian and New mLmd Environment and Conservation
Council, 1991). The Public Environmental Review also notes that the salts which Ieach from bauxite
residue are common in aquatic systems. On this basis, Total Soluble Salts are probably not of
concern,

in terms of trace elements and heavy metals, aluminium may be of concern {See section 5.2.2),

TS
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 specifies a scparation distance from watercourses, the fine particles
are unlikely to u,dch wetlands.

A significant proportion of the Peel-Harvey Coastal Plain Catchment wounld 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.



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.

In response to concerns about the health of the walerways, the ptﬂpone'ﬂt would address these in the

1
respon concerns about the heal
monitoring program. The Envuonmenml Protection Authonty considers any monitoring program
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.

water

635 E
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Based on the information in Scction 5, impacts on groundwater quality are not considered to be
significant. Although at the local level some water quality criteria in leachates could initially exceed
desirable fevels, 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
catchment smended with bauxite residue, the rate of ,mnim,lrlnn and the other factors which affect

permeability.

6.3.6 Monitoring catchment wide impacts

The potential environmental impacts noted above should be monitored in seme key sub-catchments
and the moniloring results used to determine the continued acceptability of bauxite residue application
and to modity 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 Bassendean Dune and Plain soil associations.

The Envirenmental Protection Authority recommends that the proponent design and
then impicment a monitoring programme which includes, but is not limited to
addressing the following concerns for key sub-catchments and environments in the
feei-Harvey Coastai Plain Catchment:

= Adequacy of proposed measures to protect remnant vegetation;

* impacis from chapges in pH and aluminium concentrations in the catchment on

wetlands;

* changes to surface water runeffl flow patterns and volumes, and the effect of this
change on wetlands and drainage water quality;

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

to the reguirements of the Environmental Protection Authority on advice of ihe

Chemistry Centre of Western Ausiralia.

The Environmental 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.



6.4 Traffic

The Environmental 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
government authorities regarding traffic impacts. In its response to public submissions the
Depdrtmem 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 Department of Agriculture to address with the relevant local
government zuthorities.

There are a number of issues associated with this proposal which need to be addressed or considered

cr
by other agencies. These issues include:

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

occupational health issues associated with the handling 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
ruminants; and

+ developing appropriate fertiliser rates for amended soils;

«  gconomic 1ssues which need to be considered by individual iandholders.
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7. Conclusions

The Environmental Protection Authority concludes that the proposal by the Western Australian
Department of Agriculture for ithe widespread use of bauxite residue m the Peel-Harvey Coastal Plain
Catchment 1s environmentally acceptable.

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

. thc likely effects of deKl[S residue based on the physical and chemlcal characteristics of baunxite
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* ensuring responsible use of bauxite residue
* potential impacts on flory;

» potential impacts of freshwater and estuarine wetlands;

" p— ato i F; PO pate) = A
= potential impacts from changes to soil permeability; and
- ] . . T : . . T4er ey En o1 A e 1
e the need for monitoring and for moenitoring results to be reflected in responsible use,

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

Accordingly. the Authority recommends that the proposal could proceed subject to:



» the Environmental Protection Authority's recommendations in this Assessment Report; and

+ the proponents commitments {See Appendix 1).

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 programmes.

The Authority’s experience is that it is common for details of the proposal to alter through the detailed
design and construction phase. In many cases alterations are 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.

~r1tA Tive 1

The Authority believes that any approval for the propﬂsai Jascd on this assessment s should bc fimited
L U
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to five years, Accordingly, it the pr oposal has no

the date of this report, then such approval should lapse. Alier that time, further consideration of tne
proposal should occur only following a new referral to the Authority.

8. Recommended environmental conditions

Based on ity assessment of this proposal and recommendations in this report, the Bnvironmental
Protection Authority considers that the following recommended environmental conditions are

appropraic.

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

WESTERN AUSTRAILIAN DEPARTMENT OF AGRICULTURE

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

environment.

1. -

posal, the proponent shall fulfil the comnutments {WiilCh are not

the conditi 10ms of piO(,eGureb contained in tl‘ns stdiemem) mddt, n ihc Pubhc
ntal RCv'jCW ana ii ) N i 10110

commitments are in E,,v'}"onmemal Protection nmhmhy uuﬂetm 14 as

Appendix . (A copy of the commitments is attached.)
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2 Implementation
Changes to the proposal which are not substantial may be carried 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
conform in substance with that set out in any designs, specifications, plans or other technical
material submitted by the proponent to the Envnonmcntdi Proteclmn Authorlty with the
propesal. Where, in the course of that detailed implementation, the proponent seeks to change
those designs, specifications, pians or other technical material in dny way that the Minister for

the Environment determines on fhf‘ ‘lﬁ‘ ice of the Environmental Profection Authority, is not
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3 Code of Practice
A Code of Practice will be dcveJoped to ensure responsible use and reflect management changes
tound necessary as a resuli of monitoring.



3-3

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 arcas where bauxite residue 18 applied to areas of
remnant vegetation or watercourses to protect flora and water quality; and

* [requency of review to incorporate management recommendations gained from experience
ancl monitoring of bauxite use;

The Code of Practice shall be reviewed at a frequency determined in accordance with condition

PRI |

he regiiirements of the Environmenial Protection Authonty.

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 environmental impacts which depend upon application rate and soil
MIXINg SCEn:rios is necessary.

4-]

Within six months of the commencement of widespread bauxite residue use in the Peel-
Harvey Coastal Plain Catchment, the proponent shall develop a research program which
includies, but is not limited to an evaluation of the following potential environmental effects for
arange of application rates and subsequent soil mixing scenarios:

= changes to soil permeability;
» changes to surface water runoff flow patterns and volumes; and

= changes to nH of surface water run-off;

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

The prononent shall implement the research program reguired by condition 4-1.
[ 5 M

Resuits from the research program required by condition 4-1 shalt be made available to the
public and the Environmental Protection Authorily.

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 months of the commencement of widespread bauxite residue use in the Peel-
Harvey Coastal Plain Catchment the proponent shall design a monitoring programime which
includes, but 1s not limited to addressing the following concerns for key sub-catchments and

» adeguacy of measures to prolect remnant vegetation:

17



« Dmpacts from changes in pH, and aluminium concentrations in the catchment on wetlands;

» changes to surface water runoff flow patterns and volumes, and the effect of this change on
wetlands and drainage water quality; and

* monitoring of ground and surface water quality parameters, including pH, heavy metals,
turbidity aﬂd 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,

Ln
1
2

Resuits from the research program required by condition 5-1 shall be made available to the

Ll L

public and the Environmental Prot tection Authority.

5-3  The wroponent shall review and re-submit the monitoring program every five years to the
requirements of the Environmental Protection Authority, until such time as the Environmental
Protection Authority determines {urther monitoring is not required.

5-4  The proponent shall implement the monitoring program required by condition 5-1 and
condilion 5-3.

6 Proponen:
These conditions legally apply to the nominated proponent.

6-1  No transfer of ownership, control or management of the project which would give rise to a need
for the ;Lplacement of the proponent shall take place until the Minister for the Environment has
advised the proponent that approval has been given for the nomination of a replacement

Af tha Minictar chall ha arrnrmarnaniad ey a

5 for the QVQI(‘IC‘P of that nower
}‘)I‘(}p& ent, An‘j 16(}‘.‘.’.3%{ TOr the eXEerCise O tnat power O 1N Viser siaun o aCLOIN DAt 0y o

copy of (his statement endorsed with an undertaking by the proposed replacement proponent to
carry oul the project in accordance with the conditions and procedures set out in the statement.

7 Time I,
The enviror

nit on Approval
tal approval for the proposal is limited.

7-1 I the proponent has not substantiallv commenced the project within five vears of the date of this
statement, then the approval to implement the proposal as granted in this statement shall lapse
and be void. The Minister for the Environment shall determine any question as to whether the
project has been substantially commenced. Any application to extend the period of five years
referred to in this condition shall be made betore 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
Envirenmental Protection Act. (On expiration of the five year period, further consideration of
the proposal can only occur following a new referral to the Environmental Protection
Authority.)

8 Comp]ia:*’ ce Auditing
In order to onsure that environmenta! conditions and commitments are met, an audit system is
required.

8-1 The proponent shall prepare periodic "Progress and Compliance Reports”, to help verify the
envir wncmal performance of this project, in consultation with the Environmental Protection
Authority.

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 determined

by the Minisler for the Environment.
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WIDESPREAD USE OF BAUXITE RESIDUE, PEEL-HARVEY COASTAL PLAIN
CATCHMENT (766)

WESTERN AUSTRALIAN DEPARTMENT OF AGRICULTURE

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

Commencing 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 plam catchment.

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

Providing the EPA and the general public with regular reports outlining the use and distribution
of bauxite residue, under the program developed above and produce a major review of the
program for EPA assessment within ten years.
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Summary of submissions and proponent's response



Widespread use of bauxite residue,
Peel-Harvey Coastal Plain Catchment

Widespread use of bauxite residue, .....ooovuiiiiiiiiiiiiiiiiiranersrsanas, 1
Peel-Harvey Coastal Plain Catehment.........ocoeiereiiiriiinritnerirerenansn 1
1 General COMMENES ... ..iiieiiiiieaaiiiieatiisaatssseaissrasesssssonssnasanons 2
1.1 Broad OVEeIVIEW COMMENES..ciiiiiiiitieiniteriieirre e et eeeeane e cnnae 2

1.2 Unqualitied and qualified support for the proposal ...........c.cooooiii 2

1.3 Comments on gOVernment SUPPOLT «..uereuenvenintieerateneeiniieiraaaeaneennas 3

1.4 General and miscellaneous comments on the document...............c..eeeel, 3

1.4.4 Consideration of alternatives ......oive i 3

1.4.5 Scope of proposal.....iiii e 4

1.4.6 Adequacy of information about bauxite residue. ..., 4

2 Control of and guidelines for bauxite residue use .......ocevveeiiiranaen. 4
3 Soil amendment . ...o.iiiiiiiiiiiiiitetiiitiiectitititiiterctecirairetranrenas 7
4 Effluent and waste Management ......o.oovievirerancssosenrssrrisserasanss 11
5 Stormwater, drainage and wetlands...........ccoiiiiiiiiiiiiieciiiaienes 11
§ Other uses for bauxife. . i iiiiiiirrira i iisaaaasnannas i2
7 L.ong-term, cumulative and environmentai impacis ........ovoeiivenniinn i3
T4 General COMMENTS ...u it ier et aae e e e eia e aranaanees 13

T2 Nutrient  10ads. ..o 13

T3 Healthand safety.....oooiii i erre e el 14

7.4 Salts and trace elements ... B P PSPPI b

7.5 Marine and freshwater IMDactS ..o iiiiiii e i 15
T.6IMPacts O FlOTA ...ovei i e e 17

7.7 Impacts of haulage ......... T 18

8 Adequacy of commitinentS . ... i iiiiiiiiiiiiiiiiii i it icsnane i8

Note: The Health Department of WA have given a commitment to complete their submission
by 11 June 1993 and it will be forwarded directly to you by the Department. Issues
raised by the Health Departiment of WA should be addressed in the Department of
Agriculture response to submissions.



1 Greneral comments

1.1 Broad overview comments

1.1.1 1fully support this proposal because it offers a solution to the cause rather than the
symptoms. The Dawesville cut only affects the symptoms. This is part of the whole solution to
the problems of the Peel-Harvey estoary.

1.1.2 Prevention is better than cure

1.1.3 The cooperative approach between industry and the environment is commended by this
committee.

[.1.4 There is a natural counterpart to the proposal to apply bauxite residue on the coastal
plain (ie the Pinjarra Plain soiis).
1.1.1 to 1.1.4 noted.

1.1.5 The usefulness of bauxite residue should not be used as a justification for an expansion
of bauxite mining,

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

Within the scope of this PER only a small proportion of the annual 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.

Dynmacala Fae hastinTaenl { intanoiva animal indne 5 i 0y e 5
1 LUPUDCLIQ 1\)1 J.leLlCuLLLII‘E}.J. E‘L‘ﬂh 111&.\411.01‘\"\/ CLILIEILCLR J—lid{_lou'es ﬂ"ﬁ Sl l"1ect t(} & 1&nge Of

planning constraints, and to separate environmental assessment thlough being
subject to the conditions of the Statement of Planning Policy for the Peel-Harvey
Coastal Plain Catchment and the gencral requirements of the Environmental

Protection Act. If the commumty wishes to control such developments, beyond
enErrin g that f"hpp meet exict ;ﬁg nutrient tar faﬁL& and other epvironmenta!

AW R WP iR WARLEE ARV ER S MEIINSEE LY

__,pg,;f]qn( ﬂr]y-p land-nge n]aﬂnu 2 mec de_rnc ms need to be Hptjegqr\ed ,xpd nged.,

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

1.1.7 Appropriate publicity should be given to on-going improvement of the catchment.
The Western Australian Department of Agriculture is committed to improvement of

the catchment and there exists an nm.gmnc) nnhh( ity program hmng]n(w attention to

that program and its performance.

[

.
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Ungualified and qualified suppert for the proposal

After a tri .:ﬂ on my nropel tv which t‘:xtended the growing season dﬂd enabled greater

—
.
+
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and the envir onmem

The four trials which our group has been involved with demonstrate bauxite residue has
the capability to significantly reduce nutrient discharge from a wide range of uses,
including intensive animal industries, pasture and fodder.
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1.2.3

1.2.4

1.2.5

1.2.6

1.4
1.4.1

1.4.2

Based on observations of other trials, I would like to register my name to use the
bauxite residue on my farm/ dairy farm.

My study showed that the use of bauxite residue in the post-mining rehabilitation
process for a mineral sands mine west of Serpentine would have major environmental
and economic benefits to affected landholders.

{.2.1 to 1.2.4 noted.

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.

Generally very 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 resoived.

1.25t0 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.

Comments on government support

There has been some reluctance to support use of bauxite residue by government
agencies because of little formal support from the Environmental Protection Authority. 1
expect Environmental Protection Authority support would allow more frequent and
innovative use.

A positive government response is required,
1.3.1 to 1.3.2 noted.

General and miscellaneous comments on the document

Is reminiscent of an advisory publication, but also seems to be a mix of a sales brochure
and scientific review and so makes dogmatic statements based on fairly thin evidence,

ALUED EEREARSL

Overall the document 18 considered to be a useful review and the relevant issues appear
to have been addressed. It appears the document has been well researched.

1.4.1 to 1.4.2 noted.

i.4.4 Consideraiion of aiternatives

1.4.4.1 Natural Zeolites (Clinoptilolite variety with cationic and anionic exchange capacities)

mravide 5 vishle alamative snd comslemeniary soonet o bavite reciihie fAbhearhe 8o T &
PrOVIGS d Viaoi€ aiiSiiiaitve 4l COMpIConiary product 10 oduXiie restdue, (ADSOToS OKE F &

o

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 markeis. The
use of zeolites in broadacre agriculture is not currently considered economically
atiractive, with the cost being 10 to 20 times that of residue when used in the Peel-
Harvey catchment.

Bauxite residue is currently a waste material, and its use can be considered more
environmentally desirable than the quarrying of new materials.



1.4.5 Scope of proposal

1.4.5.1 Why the use of bauxite residuve 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 hag a legal

(R VN LGRS SR L DA UAIL AU

responsibility under the EP Act to implement nutrient 1educt1()n prograims in the

j TN B o A S, S— GO GAMTE 00 aetnan ks Fey th_y tha ~Antrhmant oo tha
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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 information enclosed in the environmental review is the best available, and is
considered more than ddequdte for the purposes of the PER. On-going analysis of

the residuc is currently being carried out by the Chemistry Centre of Western
Australia.
- - L] -
2 Control of and guidelines for bauxite residue use
2 1 H[\\p‘ ‘_}HTE h J‘lYTfP H—hggr}}u:- }\ > ANy 1 prl ‘”'!"i' 1 t‘)\jhﬂ
ol vha,
(en Lal &5 Of appl cation aie spé’li ouf ifi L‘t’i PER (ie 5.1 " o 1.1.1, 6 }.2}.
Pers ed in spreading residue, in the situations covered by this PER, will

be dftm'mmed after the FPA has commented on the g ;Df:nel al acceptability of
widespread residue use. It is anticipated that ALCOA and the Department of
Agriculture will jointly negotiate an arrangement which meets the EPA criteria

established following their assessment of the PER.

Because the exact techniques of residue application have been improved drasticaily
in recent years, it is considered important that precise techniques are not prescribed,
and that flexibility is allowed. The important issue is seen as determining what
envirommental constraints, if any, may apply to residee application. Adjustment of
technigues can be made, if necessary, to meet those constraints.

bo
b

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 otheg~ 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



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 its 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
neutralising effect of the air and organic matter in the soil is sufficient, and much

Lo LWL Q10 alln VLol Laigiive 2

more effective in reducing pH.

In recent trials by the Chemistry Centre (Bob Jeffery pers. comm.) bauxite residue
w1thout gypsum was analye.ed for 1t§, alkahmty The baux1te residue was prepared

e [ thho et sory hio sxrmels oo glhoarre
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 fumps as large as 10 cm.

Sodium carbonate is a common constituent in clothes washing powders which is
enjoying a return to popularlty 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 eve and respiratory protection (pl1 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 main emphasis however is on the thorough ﬁ‘uurg
and use of the natural buffering capacity of the mixtures to reduce the pH, and not
on the gypsum alone.

2.4 Areas with acid soils where bauxite residue withoui gypsum is to be applied should be
identified and the manuer in which it is implemented should be determined.

The final decision on whether bavxite residue is to applied on a property will be
made by individual landholders. This will be in consultation with the appropriate
agencies, and generally follow consideration of a range of agronomic and other
1s5u€es.

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
aciditication of these soils is primarily due to the effect of the vegetation growing on
it and the way it is managed. Specificaily soil which has had legumes growing on it
tor a number of years becomes acidic, and this is increased if hay ig cut and not fed
out on the area from which the hay was cut. Some forms of nmogenoua feititizers
also have an acidifying effect. As a consequence the level of acidity of soil cannot
be identified simply from soil maps as these cultural components that have to be
taken into account.



2.

2.

[}«J
]

5

6

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. 1f 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 surface. More accurate mapping of the potential soils can be seen from the
land resources maps produced by the Western Australian Department of Agriculture
(Van Gool (1990), Wells and Hesp (]984) Van Gool and Klphllg (1993)),

‘%mihﬂv broad indication of these soils is shown in this mnpnmu bv the n;ﬂc

yellow areas There are other soils besides these and closer scrutiny of the 1 map

Tecand should show these
jLey dul NG SnouiG Snow ese.

Aside from this identification of the potential areas it is im portant to reiterate that
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improvement by bauxite residue, Bauxite residue is not a cure all and it must be
used in a measured and considered manner.

All precautions should be widely publicised and implemented to minimise environmental

t)11r‘] r\11l1]1n ]'1&01*‘]’\ n-F'Fnﬂfn fnhni'i- nhr‘ iﬂﬂﬂ +nrm\
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Noted. Ensuring that this happens is one of the purposes of this PER.

The State government should assist farmers in the correct 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 department is committed to
ensuring that adequate information and advice on residue application is available to
landowners.

4o
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> 0 edocate land uscrs and o provent abuse

Heatinn of fertiligsers/mesticides to oain

ended soil 2 estic to gain
oy o

pro oductivit ).

The Department of Agriculture has already established major ! long term trials aimed
at producing the information needed by farmers to "re-calibrate” their fertiliser

application rates io suit amended soils. Resulis will be fed into existing
Depmtmenml pmgidms which are aimed at ao,slc;tmg farmers and market  gar deners
ic r:.yi_ﬁ )/ UuJ__y U_li_x .Ll IL_].i.LnLaJ.L‘J l:ra.l_ LUC)' !i\.f(:‘u; _uu‘- auwu.a is 5!.;!"_;1;11\! uabbu on a)lLl_e
specific on soil tests. However, it needs to be recognised that fertiliser application
rates 1$ a decision made by individual landowners, and is not subject to any
controls.

Amendment with bauxite residue will increase the efficiency of fertilizer use and is
expected to reduce the application of fertilizers. The main soil types which suit
bauxite residue appliication are low in production value, and do not produce returns
that would support the cost of excessive nutrient appleation, With the "cost-price

squeeze” very few farmers can afford to waste fertilizer.

Over-application of mseoumdes Lexpected to be a side 1ssue of the advantage
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3.2

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 Western 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 aspects 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,

Concerned that high application rates (250 t/ha) may have a significant impact from
heavy metals, fluoride and salts, particularly sodium and sulphate. At 100t/ha impacts
from salts would be minimal.
As mentioned in the PER, bauxite residue appiication has been studied at rates of up
to 2000 t/ha where these concerns were addressed (page 32, 33, 34, section 9.4.3).

ong term monitoring will be carried out.

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

Noted.

Note that a rezoning proposal at Kwinana may result in a portion of currently 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 current
expected needs.

Soil amendment

Rauxite r move the need for programs to minimise fertiliser

(1521 (] S RER R

#nd nuines

~ Fln e by

nauxut; residue is ond ‘y one of many tools and techniques for the reduction
fertilizer and nutrient loss. The Department o A;g culture is committed to many
othez methods of minimising mutrient losses (pﬂgf- 13 para 4). The use of bauxite
residue alone cannot meet the targets of reducing nuirient loads. Bauxite residoe
only improves the nutrient retention of sandy soils and more than a quarter of the
catchment has clay surfaced sotls. Other techniques are necessary to reduce the loss

nf 1p-ﬁ-man+n {‘1 om Hwana onﬂ tunes, qugn ame aimed at the dpwg'lnpme-nf !Jifld
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application of other techniques are underway, and will continue,

~F
Ui

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

Within the parameters set out in the PER, the final decision on economic application
rates will be set by landholders and any others involved in bearing the costs of
application. Economic analysis of application rates, as referenced in the PER,
related purely to current grazing enterprises. This analysis has been conducted by
the Department ot Agriculture. The statement on page 19 states that probably the

most economic rate, for broadacre landholders, is between 10 and 20 t/ha,



Trials by the Western Australian Department of Agriculture 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 results 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
enterprises it is not considered that factors other than economic will determine the
heaviest rate of application used by growers.

AN 1130k LieRane aad nadl WAL Clal ML Il

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

T ha ac i
well be economically justified

There ara many other land uses in the catchment where the cost of residue will be a

3

1t 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 apphc,dtmns 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 raies, within the parameters deteimined as acceptable to
the EPA, will be an ongoing process. The Department of Agriculture already has a
programs of trials and assessments in place to provide information to landholders
on the relative merits of a range of application techniques 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 apph\,d at up to 2000 vha, It was
discussed in the Peel-Harvey Envirommental Review and Management Program at
200 t/ha, and rejected for economic reasons. The applicdtion rates of 10 to 20 tf'hd
are low rages and it 18 LU]TSII[ly [ﬂUUgﬂ[ ihat ICdpplIbd.LlUIl will be llcbbbbdl'y The
exact time span is not known but it has been estimated through trials 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

arnlbicationg will oecur. The uoner level of 250 t/hs ig avpmﬂtnﬁ toy he warr anted and
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viable only in situations where high inputs and outputs occur.

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

Fxact measurement to determine any benefits 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
the decision to re-apply is expected to be exhaustion of the capacity for phosphorus
retention.
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3.7

3.8

3.9

I wish to lodge a formal 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
2rasses.

In one major trial the use of bauxite residue at 40 vha 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 trials 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 t/ha.

On what basis is the statement made that soil phosphorus levels in the catchment are
now such that further reductions in fertiliser efficiency are unlikely unless improved
artilicare hararma auvatlahla Maga 17 morageanl 23
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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 by 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 the

majority of recommendations based on soil tests are for increases in application
rates.

Modified slow release fertilizers show considerable promise. Cunenﬂy, 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 coastal superphosphate with normal superphosphate were unable to
show a reduction in phosphorus loss from coastal superphosphate. The catchment
treated with coastal superphosphate lost slightly more phosphorus than the normal
superphosphate treated catchment (Silberstein and Schofield, 1990). Development
work is proceeding.

The slightly increased salinity is unlikely to be a problem in high rainfall areas.
Noted.

The reference summaries quoted in the PER did not cover the retention of organic P by
bauxiie residue.
Most of the trials in the reference summaries measured ' total phosphorus whmh
hasa COMponcit of both uzuagcﬁil“ and l)!‘z_,,a.i'u forms of pu hghu‘ us. LThe aim of
these trials have been to reduce the fotal amount of phosphomq leavmsr 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 matter through the addition of bauxite residue during
the composting process.

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 surface runoff
compared with vertical leaching, 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.

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

3.9 and 3.10. Extensive references covering these factors are contained in Section
13 of the PER. Agronomic performance 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 imperimeable
hardpan below the surface. At the beginning of the season there is some vertical
leaching to the hardpan layer. During this period there 1s no visible runoff. After the
dry 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
surface ranoff water that s from 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 harrows.

The response to bauxite residue in the short term is clearly pH dependant initially,
and the relationship between pH and the amount of bauxite residue needed for short
term improvement in growth has been approximated- this was stated exhaustively in
the review. The long term improvement in growth is due to the increase in plant
available phosphorus which is less dependant upon pH. This improvement in plant
available phosphorus has also been ascertained. Despite this it is suggested that
those wishing to nse bauxite residue for an agronomic response first run some test
strips. It is also recommended (page 8) that the soil be tested to avoid the effects of

overliming,

The aspect of mixing appears to have been confused due to early reports of the
belief that a high level of mixing in pasture is nscessary. However, the large scale,
broad-acre field trials (80 t/ha and below) have shown that mixing the bauxite
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andholders, with minimal mixing (only harrowing) and were quite successful in
reducing phosphoruos loss and improving nutrient retention.

As well as the trial on soil with a pH of 3.5, referred to in 3.9, trials have been
repeated at the higher pH's (4.5 to 5) more commonly found on the sandplain, and
similar improvements were demonstrated.

For higher application rates (up to 250 t/ha) in other, more intense, land uses
mixing is more important because the bauxite residue could form a physical barrier
and is too concentrated on the surface. In urban uses the PER recommends
extensive mixing, or use of pre-mixed soil blends.

The PER does not promoie 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 aimed at achieving environmental improvements in the coastal catchment
and its estuary. The PER gives no guaranice on pasture production increases (ie
pl3, para 6 "shows considerable potential for reducing sub-soil acidity”, pl13 para 7
"offers the prospect of significant improvements in pasture production”).
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At application rates < [00t/ha gypsum has been found unnecessary. However, gypsum
has additional benefits apart from neutralising acid, such as improving the Sodium
Adsorption Ratio, important for functioning of roots of plants.

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 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 pasture production when gypsum was applied at the
lower rates (below 40 t/ha). As a consequence the effect on the sodium adsorption
ratic was not sufficient to justify the use of gypsum. Similarly there was no

1mnrnvr=-mr=-nf in nhoenhome retents 1f]1 fhe apnhcqfinn of o'up am ‘Nhgn bauxite
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residue was tested below 100t/ha. In this case there was a slight (but not

significant) reduction in phosphorus retention from the addition of gypsum at the
Tnwrar ratac (halnwar AN Hhad
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Effluent and waste management

Bauxite residue may be able to be used along the same principles as synthetic rutile
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. Tec
Vol 27 No 1 159-169).

Noted.

Stormwater, drainage and wetlands

On what basis is the statement made that the most effective wetland filters are those that
have bauxite 1631&36 nm;w into their soils. There are many other ways in which

[N e PEE s g o, v,
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bauxite residue as a fix-all {Page 13, paragraph 5).

‘The statement was based on experience in the Peel-Harvey coastal catchment.
Bauxite residue has very high phosphorus adsorption capacity. Adsorption is
physical and chemical process by which these dissolved poﬂutants adhere to
suspended particulates or onito bottom sediments. Adsorption of phosphorus is
dependant on the sedunent type (Stockdale 1986). Richardson (1985) found that

il o ardo o a wygatland o3l oo rerdintad by tha
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extractable aluminium content of the soil. Richardson and Davis (1987) also
concluded soil adsorption chemistry is one of the keys to storing phosphorus in
wetlands.

Residue use 18 not being promoted as a fix all, merely as an extremely efficient tool
when used in the right sitvations and witl the right mix of other techniques, The
Department of Agriculture is involved in other develonmental work invo’ivin g the

phospitorus from drainage sumps and rehabilitated weuanas

There is insufficient data on the impact of using modified bauxite residue as a filter
medivm, patticularly in relation to drainage structures and infiltration basins.
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The work referred to in the PER by Ho er al (1985), Ho et al (1986a,b), Ho et al
(1987), Ho et al (1989), Ho et al (1991), Ho et al (19924,b), Kayaalp et al (1988),
McAuliffe and Evangelisti (1991),Vlahos ef al (1989) covers the removal of
nitrogen and phosphorus by bauxite residue as a filter medium, removal of viruses
and bacteria, the leachates from bauxite residue and the design of stormwater
quality control basins. The data from these were obtained from laboratory column
trials, field lysimeters and full scale effluent treatment systems.

Further research is being carried out by the Western Australian Water Authority and
Murdoch University on an sewage treatment filter at Pinjarra as a long term trial.

The Public Environmental Review document does not address 1ssue 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.

Ithouoh thege are unlikely evente the diecharoe of acid to draing 1g worthy of

\Ithough these are unlikely events, the discharge of acid to drains is worthy of

cons1derat10n. 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
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few heavy metal dbel bmg materials that will not liberate the heavy metals on
reaction with acid. The acids themselves would become pollutants and the bauxite
residue would act to neutralise them.

We hope that Councils will ingist on nsing banxite residue to catch nutrients and heavy
metals in the hundreds of stormwater s sumps in the catchment.

Noted.

Other uses for bauxite

I support the use of Bauxite residue for other uses such as modified domestic septic
tanks.

Noted.

Research into other uses for bauxite residue should be suy p{}}‘ff‘d (Hg. for piggevies and
e

ALY +
nt effiuents)
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Noted.

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

Any legislation advocating the use of bauxite residue should set out the need for controls
on uses apait from broad acre and point sources.
Legislation advocating the use of residue is not envisaged, or likely. All the PER

ooalre 10 ren shiie dioetieoimn and it Tyt TP A ~AF s 1 i1
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environmental impacts. Following the PER it is likely that Government will seek an
arrangement with Alcoa that enables the widespread use of residue. The nature of
this arrangement is currently under discussion. If this arrangement were to include
legislation, it would be "enabling" legislation, advocacy of use is a totally separate
issue.

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

General comments

Despite the copious amount of work which has been carried out, the fong-term impacts
cannot be defined with certainty. Suggest first stage approval should be granted until
long-term issues adequately resolved.

Prior 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. Suggest that Pinjarra Treatment Plant Red Mud Ponds could be one such site.

Concerned bauxite residue may not be the final solution because of need to repeat

PR nnL_n

applications.

to assess the effectiveness of

Prior to lone-ter per migsion hF‘ﬂ‘lﬁ granted monitori

Yo
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low rate appl.icatio s with a view to detclmmmgp whel g-applications are necessary
should be undertaken.

state government shounld fund research in the long term monitoring of bapxite residue
applications.

7.1.1 t0 7.1.5

Bauxite residue 18 not to be congidered a final solution or fix- all, and thig ig stated in

the PER. It is one of many tools to reduce the al gal blooms in the Peel- ~Harvey. On
it's own, bauxite residue will not control the problcm but may be capable of
redacing the phosphorus load by up to 30% {(page 30 para 7). This only part of the
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 will be subject to ongoing assessment and
adjustment. This is particularly appropriate given the speed at which the current

technologies have been developed, and are being refined.

The proponent is already committed to a L program of strategic monitoring of residue

5 < | PRpEeS @ ic e s
1 conjunction with other agencies, The Water Authority is already commitied
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comunc‘ﬂon with Murdoch University. The proponent has already 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 primarily an agronomic issue, not an environmental one. Research on this
aspect is already underway,

Suggest that P concentration in water leaving bauxite residue amended soils should be
used as the criterion for effectiveness and to determine frequency of re-application.

As outlined in the PER, environmental effectiveness, and hence benefit to the wider
community, 1s largely achieved through the 'h appy co-incidence” of both
environmental and economic ben its being (.waed fi om rﬁ'sidue: use. Unlesk

§ubscquent frequency of apphcatlon will largely be determined tsy the economic
judgement of individual landhelders. The PER is merely seeking environmental
approval for widespread use to proceed within certain gross parameters.



~

=
W
. -,

14

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 determine the effectiveness of bauxite residue to retain nutrients,
and these have been described by the Chemistry Centre (Allen, D. G. and Jeffery,
R. €.,1990 ). 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 fertilizer added since application of bauxite residue.

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

EF A Tl = PP L N

Health and saiety

Lack of radiation levels, loss of salts from amended soils and the level of fluoride
should be assessed by the Health Department of WA, particularly with respect to long

tern 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
Dmﬂfrﬂnrﬂnq] 1. ahor 'If(\t“lF‘Q will monitor kev giteg to determine the backeronnd level
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of 1ad10150t0pes n glOlllldW&tCi and the effect red mud has on that level over the
monitoring period.

7.3.2 The uvse of bauxite residue in application rates proposed (100-250 t/ha) will not result in

7.3.3

radioactivity levels above those in bauxite ore and are approved. Where application raies
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.

Nated

Concerned about heavy metals and radioactivity in bauxite residue. Consider that
extreme caution should be used at first (Eg. monitor food products for contamination for
several years, ensure people applying bauxite residue wear respiratory protection &
monitor before and after radiation levels).
Food products have been monitored for soine years and momnitoring is continuing.
No problems have been recorded.
The need for respiratory protection (page 11, 19 and 31) wag repeatedly
emphasised in the review.

There has been exhaustive studies into the 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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Salts and trace elements

Research is required to understand the long-term 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 Pinjarra Waste Water Treatment
Pond facility which should provide this information.

Use of gypsum and the long term 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 field 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 pasture p nroductinn w‘hpn 2ypsum was Annhgd at the

lower rates (below 40 t/ha). As a consequence the effect on the sodu]m adsorption

ratio was not sufficient to justify the use of gypsum. Similarly there was no
1mn1 ovement in phosphorus retention with the gnnhrufmn of evneum when banxite
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residue was tested beiow 100t/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).

Marine and freshwater impacts

Concemed 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 guality and
peripheral vegetation). Commitments to address these impacts should be made.

These aspects will be addressed in the monitoring programme.

Concerned that impurities/heavy metals bound to the amended soil washed into the
estuary/marine environment may then be released. Wnufd these 1mpur1t16§ concentrate in

oxodenc

the food chain or have adverse uffuvl.a O1i L,Stucu‘ynud.l ine {ite which may L!D’ESI 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 muod would need to come from materials already being applied to the
catchment. If theie is no material retaining the heavy metals (ie. if soil amendment
doces not proceed) then they are even more likely t0 wash into the estuary.

Will minor variations relating fo 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 as part of monitoring for heavy metals.
How important is sulphate loading from the ocean compared with the catchment in the
tmenis of the estuary, and how will this proposal affect sulphate loadings. How will
is proposal affect the long term accumulation of HS in the estuary sediments.

@

47
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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
t/ha 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.

The use of bauxite residue adjacent to Water Authority drainage structures, infiltration
basins and drainage catchment areas should be monitored to;

. ensure heavy metal contamination is not occurring;
. ensure dust does not reach draing; and
. ensure superﬁcial groundwaters and receiving waters are protected.

Monitoring to meet these criteria will largely be addressed through monitoring being
undertaken at the Water Authority Waste Water Treatment Pond at Pinjasrra. The

nossibilitv of dust [PA(‘}TH‘IU draing ig not seen ag heine of concern. Considerable
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documentation is cited in the references where drainage structures constructed
wholly or partly from residue were evaluated.

The Water Authority 18 opposed to the use of bauxite residue in a Priority 1 source

protection area. Proposals to use bauxite residue in the Priority 2 part of the Jandakot
Underground Watel PolIut‘ion Contro] A1ec1 should be referred to the Water Authority
for assessmient. The Water nuuluuty is discour aémb further establishment of

horticulture in the Priority 2 part of the Jandakot Underground Water Pollution Control
Area

Noted, but 1018 suggcsted that there be ongoing appraisal of these constraints in the
light of the measured performance of residue, and evaluvation of the consequences
of the nutrient and heavy metal pollution that is currently occurring ot the Jandakot
Mound, and which could be reduced through the use of residue.

Existing background levels of chemical constituents and radioactivity should be
determined for groundwater in the areas where bauxite residue 18 to be distributed so
that long term changes can be determined. This is important in view of the expansion of
residential areas on Special Rural and Rural properties in the catchment.

Tt chasl syt ed thint 1lon o PN - PR eslemander
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changing due to various land-use impacts, and attributing any changes to a single
factor is often difficult. It is anticipated that widespread use of bauxite residue
would reduce the changes occurring to groundwater due to organic and
chemical/heavy metal pollutants.

D Agiiu:}turc 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 uranium in red mud is very low and the amount of radioactive uranium

is only a proportion of this, Even if Radium220 was produced it has a high affinity

Leaching studies by the Western Australian Department ¢
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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.

Impacts on flora

Removal of existing vegetation in wetlands and drains so that banxite residue can be
applied is unacceptable. Vegetation removed would take decades to re- establish during

; ; T 4 1y affrriad ;
which time aesthetic and wildlife values are adversely affected, and there may be a

temporary increase in nutrient discharge before vegetation establishes successtully.

Have a major concern that farmers 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 be protected.

Remnant vegetation needs to be protecied from ill effects of bauxite residue.

Prior to long-term permission being granted, monitoring to discern any impacts on
native vegetation adjacent to amended paddocks - with a paiticular view to changes in
specws composmon dlld mortclhty of nutrxent—poo: sedlment assoc,lated pTants (Eg

1h1209ph01c CONCErns foz native vegetation.

Will amended soils have soil conditions which do not favour the growth of vegetation
native to the area.

7.6.1t0 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 and pmhw‘“nmry processes the State of WA has in place controls on
vegetaiion clearance only as it relates to land degradation as defined m the Soil and
iand Conservation Act, as it affects rare flora and fauna where speciﬁed through
the statutory planning process, or as otherwise assessed as damaging by the EPA.
A Statement of Planning Policy exists for the Peel-Barvey 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,

res1due use 1<; a pai t, r.hc Depal tment of Agl 1cu1tu1e is actwely pxomotmg: » the leues
of remnant vegetation, actively promoting strafegic revegetation of the catchment,
and actively assisting landholders to protect and rehabilitate remnant vegetation.
This will continue.,

original 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 part of revegetation programs.

In most existing cleared farmland residoe vse will assist in returning soils to their

‘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 Zamiag
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(Macrozamia reidlet), Woody Pears (Xylomelum occidentale) and Jacksonia
germinating or emerging and growing well on early pasture trials using over 1000
t/ha of bauxite residue (Ward Pers Comm).

The Department of Agriculture will include in the Code of Practice a requirement for
a 10 metre buffer to be kept between residue amended pasture and remnant
vegetation until more information has been derived from the monitoring program.

7.7 Impacts of haulage

7.7.1 The Public Environmental Review plays down the potential impact of truck haulage. Up
to 10 000 truck movements could occur over a single autumn spreading season from
and around three refineries. This needs further consideration.

This amount of trucking 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 trafficability problems on
paddocks. This represents at least six months of the year available to transport. The
10 000 truck movements (which is probably an upper limit figure) would be spread
over three refineries and over nine shires, The 3 000 truck movements per refinery
over six months represents about 30 a day. The South Western Highway at Pinjarra
carries 4000 vehicle movements per day (MRID), If this is considered as a
percentage it equates to 0.8% increase, while the projected growth in traffic for the

area i¢ 2 65% per ypqr Tt has been estimated that there are 2 imum of 4 000

AE AACLY AL 1CTC 4arg 4 minunus STouany

truck movements in the catchment eac,h year due to cattle production alone.

It is recognised however, that some significani increase may occur on specific locai
government authority roads, as the result of an amendment program by a landcare
group or a large landowner.

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

Once the EPA has clarified its views on the environmental acceptability of

wid&spread residne use, the proponent is committed to establishing, in conjunction

- 2 A
with other ﬁgCuuLub and Alb\)d, “framework to facilitate more extensive use of

- - Ao -

residus” (piﬁ, 2nd ijai’dj This framework will ucb@obdiil_\/ involve discussions with
local government anthoritieg, and 1t is antic 1nfm=r1 that monitor mng of road use and

any adverse impacts will pmceed in u)njuncuon with local government authorities.

&

Adequacy of commitments

Management commitments are very general and should be tightened to the standard
required for most environmental impact statements. A management and monitoring
program should be prepared.

As set out in the PER (Section 2) the Department is seeking an indication from the
EPA of the general acccpmbi]itv of more w.i(iespread use of residues within certain
gross paraimeters, While this does not fit the normal pattern for a PER, it was
considered by the EPA to be the appropriate Dathwav for the moposal to proceed.
Once the overall environmental ’I(‘(‘F‘ntabﬂltv of wldcsnrn ad regidne use is

established, then the department will have a basis from which to establish with
Alcoa a more detailed management and monitoring program.

~
»]
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Notwithstanding this, the PER did document a number of long-term monitoring
sites already established by the Department. Six sites are currently in place, and a
further 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
tmprovements 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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Dr G Ho, Murdoch University

L Mullins
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