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Summary Report

This report is a summary of the more detailed Final Report titled “Bauxite Residue (Alkaloam®)
Sustainability Assessment: Technical, Community Consultation, Benefit-Cost and Risk Assessment”.
Readers should refer to that full report for the full context of the information summarised below.

1.1 Introduction

The Centre for Sustainable Resource Processing (CSRP) commissioned URS, in conjunction with the
Centre for Social Responsibility in Mining (CSRM) from The University of Queensland, to perform a
Sustainability Assessment (Benefit-Cost and Risk Analyses) on the use of Alkaloam® (also referred to
as ‘red-mud’ and/or ‘bauxite residue’) on agricultural land. The key tasks of this review were to provide
a risk and sustainability assessment of the use of bauxite residue (Alkaloam®) in the Peel-Harvey
catchment by undertaking community consultation, a consolidated safety and technical review (of
research and assessments previously conducted by others), and an indication of the potential benefits
and costs with commercial use of bauxite residue.

This sustainability assessment undertaken by URS involved the development of a framework to
provide the basis for an assessment of the environmental, social and economic values associated with
the use of Alkaloam®. The framework aimed to provide an open and transparent set of criteria, that
provided an long term assessment of effects and values.. The key objectives of the sustainability
assessment as identified by CSRP were to assess:

o the safety of Alkaloam®;

o the effectiveness of Alkaloam®;

e the value of Alkaloam®; and

e the current status of community acceptance of Alkaloam®, and how best to achieve endorsement
should it be shown to be safe, effective and of value.

The context of this review has been structured to assess stakeholder goals, objectives and values
using economic, social and environmental criteria. Stakeholder values were assessed by CSRM for
three primary groups: product users (Peel-Harvey farmers), the community but with specific attention
to the local Peel-Harvey catchment community; and Alcoa as the primary source of Alkaloam®.

What is Alkaloam®?

Alkaloam® is the registered trademark for Alcoa-produced red mud, it differs slightly from conventional
red mud in that it is carbonated through a reaction with carbon dioxide. The pH of Alkaloam®
(pH<10.5) is therefore less than conventional red mud due to the carbonation process converting
residual caustic soda to its corresponding carbonate salt. Alkaloam® is referred to as ‘atmospherically
carbonated red mud’, however forced carbonation may also be used. The terms Alkaloam® and ‘red
mud’ are used interchangeably depending on the research being discussed, but for the purposes of
this review are considered to be virtually the same. The only difference is where red mud has been
amended with gypsum giving slightly different characteristics, as discussed in later sections.

Alkaloam® research and development in WA

Alcoa has worked for several decades on residue management techniques and continues to support a
diversity of research initiatives into potentially beneficial uses of residue. The earliest research into the
use of red mud in Western Australia was in the 1980s, when Barrow (1982) investigated the
improvements in nutrient and water retention of red mud amended soil. Research continued

URS
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throughout the 1980s and 1990s, and in 1993 the (then) Department of Agriculture Western Australia
(DAWA1) submitted a proposal, as a Public Environmental Review (PER), for the use of Alkaloam® in
the Peel-Harvey Coastal Plain Catchment. Approval was given by the Western Australian
Environmental Protection Authority (EPA) for a project entitled ‘Widespread use of bauxite residue,
Peel-Harvey Coastal Plain Catchment’ (EPA, 1993). The project was approved for a period of 5 years
with a number of environmental conditions, including the development of a Code of Practice (COP).

In 1994 a trial of Alkaloam® application began in the Meredith drain sub-catchment of the Peel-
Harvey. This comprised of a monitoring program that included monitoring remnant vegetation, impacts
on wetlands, changes to surface run-off quantities, and the quality of ground and surface water.
Approval lapsed in 1998 and DAWA applied for an extension of the project’s approval which prompted
a re-examination of the original approval conditions.

There was extensive consultation and negotiation between DAWA, the (then) Department of
Environmental Protection (DEP), the (then) Water and Rivers Commission (WRC) and the EPA, and
the approval was extended in 2000 (EPA, 2000) with several amendments to the conditions. The first
commercial application of Alkaloam® was implemented in 2001 within the Peel-Harvey catchment,
with Alkaloam® applied to 10 properties from Waroona to Serpentine.

In 2002, a Sydney Morning Herald article criticized the use of Alkaloam® and other industrially-
sourced soil amendments (Ryle G, 2002). This resulted in considerable attention on the project - both
positive from supportive landholders and negative. In 2002 Alcoa withdrew the availability of
Alkaloam®. In 2006 the Department of Agriculture and Food Western Australia (DAFWA) submitted a
Progress and Compliance Report to DEC and EPA requesting formal clearance of all outstanding
conditions. At the time of writing the processing of this request for clearance by the EPA has not yet
been finalised.

Potential value of Alkaloam® in the Peel-Harvey Catchment WA

The Peel-Harvey region/catchment is characterised by poor quality sandy soils and extensive
waterways that feed into the Peel Inlet and Harvey Estuary. The application of red mud is proposed as
a way to reduce phosphorus leaching, which can result in environmental impacts to waterways, and to
improve agricultural productivity.

In 2008 the EPA released the “Water Quality Improvement Plan for the Rivers and Estuary of the
Peel-Harvey System - Phosphorus Management (WQIP)” (EPA, 2008). This report recommends the
use of slow release phosphate fertiliser, and soil amendment materials such as bauxite residue to
adsorb phosphorus and therefore reduce leaching into the Peel Inlet-Harvey Estuarine System. Rivers
(1999) states that the ability of the soil conditioner bauxite residue to hold onto phosphorus (the
phosphorus retention index (PRI)) is hundreds of times greater than that of naturally occurring soils.

' Now the Department of Agriculture and Food (DAFWA)

42906947/01/01



Bauxite Residue (Alkaloam®) Sustainability Assessment

1 Summary Report

1.2 Community Consultation

The CSRM was contracted by CSRP to undertake a consultation and review process of Alkaloam®
and its application in agricultural practice in the Peel-Harvey Catchment. The focus of the study was to
ascertain current community perceptions of the risks and benefits of Alkaloam®, its source,
applications, and opinions on the product’'s potential future commercialisation. Notwithstanding the
focus on agricultural applications, the consultation sought the views and input from a cross-section of
the Peel-Harvey community.

1.2.1 Community consultation methodology

The first stage of the community consultation comprised a literature review of reports, media, and
other published data relevant to community perception and attitudes towards Alkaloam®. There is little
public domain data that address the social impacts of Alkaloam® or that document the events leading
up to the cessation of the farm trials in 2002. One of the priorities of the community consultation was
that the research should reflect the views of a range of community stakeholders. A three step process
was undertaken by CSRM to identify potential project participants:

e Step 1: Regional scanning and information on potential stakeholders gathered from key informants
with knowledge of the region;

e Step 2: Snowball, or word-of-mouth identification; and

e Step 3: Project promotions via distribution of the Project Information Sheet and a Community
Notice placed in the Harvey Reporter.

The field research for the community consultation phase of this project was undertaken between
22 September and 11 November 2008, and consisted of a series of one-on-one semi-structured
interviews with a cross-section of stakeholders. Interviews were conducted by senior CSRM
researchers. In total, 30 one-on-one qualitative interviews were undertaken with 33 participants. In
reporting participant responses, all data have been de-identified except for the participant category of
representation.

Community consultation summary

Substantial support for the future commercialisation of Alkaloam® was expressed by many of the
participants consulted for this project, but there are several technical and social issues that
participants raised. These issues are summarised and addressed by the authors in sections 1.6.1
1.6.2 and 1.7.4 below.

42906947/01/01
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1.3 Review of Product Safety and Technical Assessments

1.3.1 Background and scope of review

The technical and safety review examines scientific literature in the public domain regarding the use of
Alkaloam® in WA and related literature on red mud and brown mud? internationally. In addition, some
unpublished data were obtained directly from Alcoa. The research conducted in Western Australia
(predominately by DAFWA) is a central focus of this review, and appears to represent some of the
most comprehensive research on the application of Alkaloam® type materials in agriculture. In
addition, this review has examined documentation on specific tests conducted by Alcoa on Alkaloam®
and examines the monitoring programme conducted by DAFWA.

Whilst the original PER proposed that application rates of up to 250t/ha would be suitable for
broadacre agriculture, an application rate of 20 t/ha was used for a trial period, because it was
considered the most cost-effective application rate. This review is focused on the proposed Alkaloam®
application rate of up to 20 t/ha (as a one-off application or in increments up to 20 t/ha). Assuming
this rate is applied, the purpose of the technical review into Alkaloam® is to:

e review the science of Alkaloam® application to agricultural land;

¢ evaluate the robustness and coverage of past assessments, and identify gaps in evidence or
research; and

e examine the number of times Alkaloam® can be re-applied.

1.3.2 Framework for Technical Assessment

In principle, the application of any material to agricultural land requires consideration of several factors
across the three media — land, water and air. There is currently no Australian standard or accepted
framework for assessing the application of fertilisers and materials such as Alkaloam® to land.

The potential exposure pathways of Alkaloam® amendment, are utilised to form the framework for this
review, as no standard framework currently exists for assessing a fertiliser or soil amendment (apart
from some related guidelines on sewage sludge applications or water quality standards etc).

The primary transport pathways of potential contaminants applied to soil include (Sorvari et al., 2006):

¢ leaching to groundwater and runoff to surface water;
e absorption to plant roots; and
e particle transport via air and then deposition.

Subsequent contaminant transport can occur via secondary pathways. Those considered in this
review are from:

e groundwater and air to a water body;

e surface water to sediment;

e soil water to plant roots;

e irrigation water to plants;

¢ soil to animals; and

e drinking water to humans, and animals.

2 In some operations red mud is further processed to produce aluminium oxides. The waste product from this process is called

"brown mud."
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For each exposure pathway certain tests/experiments can be performed to assess the potential risk.
Some exposure pathways are only relevant if there is a risk upstream, e.g. if the levels of
contaminants present in plants are within acceptable limits, then there is minimal risk (downstream)
associated with the consumption of plants by animals, and therefore no need for further consideration.
If the contaminant concentration is below the relevant guideline threshold, then there is minimal risk
and therefore no need for further analysis.

1.3.3 Alkaloam® use in agriculture

Bauxite residue has a fairly long international history of being utilised, with the first reported case for
agriculture being in Arkansas, USA, in 1955, where it was used as a replacement for crushed
limestone (Whittaker et al., 1955: quoted in Summers et al., 1996). The earliest research on the use of
red mud in Western Australia was in the 1980s, when Barrow (1982) investigated the improvements in
nutrient and water retention of red mud amended soil.

The most recent research on red mud was in Western Australia where several benefits were
demonstrated. The research was predominately led by the DAFWA and also sought to address and
analyse many of the potential exposure pathways. Much of this research was based in the Meredith
catchment, a sub-catchment of the Peel-Harvey catchment, situated about 150 km south of Perth with
a total area of about 4,360 ha (Department of Agriculture, 1993).

1.3.4 Alkaloam® composition

Alkaloam® differs from conventional red mud in that it is carbonated through a reaction with carbon
dioxide. The pH of Alkaloam® (pH<10.5) is therefore less than conventional red mud due to the
carbonation process converting residual caustic to its corresponding carbonate salt. It is a fine material
of mainly silt size particles (<150 um) consisting predominately of silica with large proportions of iron
and aluminium oxides (Summers et al, 1996a).

A comparison was conducted of the heavy metal concentrations present in Alkaloam® amended soll
(assuming Alkaloam® is mixed with the top 10cm of soil) to that of background soil, against several
criteria (including the ANZECC (1992) criteria for assessment of contaminated sites, and remediation
criteria levels for other countries, i.e.Canada, UK and US). The results showed that for the application
rate of 20 t/ha, the concentration levels of all heavy metals fall within normal background soil levels,
and are under levels of concern (i.e. within environmental investigation or remediation levels)
(Summers, 2001).

1.3.5 Review of Potential Exposure Pathways

Alkaloam® research has covered the concerns and exposure pathways of relevance, and appears
comprehensive. The level of research is beyond that typically performed for products applied to
agricultural land. This is despite the research being performed in an ad hoc fashion over some 20
years. The findings and recommendations from this review are summarised below by the primary
(direct) exposure pathways.

Soil to surface water

The monitoring of surface water was one of the requirements of the original PER approval for the
application of Alkaloam® in the Peel-Harvey Coastal Plain (EPA, 1993). The remit was to monitor

URS
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“changes to surface water run-off flow patterns and volumes, and the effects of these changes on
wetlands and drainage water quality”. There is no evidence in the literature to suggest that Alkaloam®
application presents a risk to surface water (DAFWA, 2006). The monitoring program has indicated
that run-off following Alkaloam® application has reduced and less discharge has entered the
monitored drains. This should lead to increased groundwater recharge and availability of water for
plants. The surface water monitoring programme has been well implemented and reported in the
Performance and Compliance report, in accordance with the requirements of the EPA in its response
to the PER (DAFWA, 1993; DAFWA, 2006).

Soil to groundwater

The quality of leachate from the application of Alkaloam® has been tested by laboratory column tests,
field lysimeter tests and through monitoring of Alkaloam® application in the field (MPL, 1997,
Summers et al, 1996; Scheffer et al. 1986; Ho et al. 1989; McPharlin, 1994; Carter et al., 2009b;
Vlahos et al., 1989; Alcoa, 2009. A variety of laboratory methods were used including the Toxic
Characteristic Leaching Procedure (TCLP) as per USEPA 1311 method, the Australian Standard
Leaching Procedure (ASLP) (Australian Standards Committee CH/35, 1997), lysimeter column tests,
and the recently developed European method CEN/TS14429.

The leaching tests confirm that Alkaloam® amended soil is within acceptable limits based on water
quality guidelines, landfill guidelines and soil investigation levels. It is recommended that the CEN/TS
14429 tests are repeated using the soil intended for amendment, if applications of Alkaloam® exceed
80 t/ha in total (as a one-off application or in increments up to a total of 80 t/ha).

The groundwater monitoring programme has monitored 9 bores since 1995 and a further 12 since
2001 (DAFWA, 2006). The programme has not been performed to the same standard as the surface
water monitoring programme. However, the leaching tests performed indicate that recommended
concentrations of elements would not be exceeded after Alkaloam® addition. If additional groundwater
monitoring is required by the EPA, the results would be more useful and informative if performed both
before and after application.

Soil to plants

A range of research has been conducted since 1983 on Alkaloam® amended soil at rates of up to
1,680 t/ha (Ward et al. 1983 &1986; Smith 1998; Robertson et al.,1994; Cooper et al. 1995; Summers
et al. 1996). A variety of plants were investigated including clover, capeweed, lettuce, cabbage,
carrots, onions, potatoes, cauliflower and Chinese cabbage. The research has covered heavy metals
and radionuclides and has shown that uptake of elements by plants is well within guideline levels.
There were no detrimental effects to cultivated or remnant vegetation in applications up to 1680 t/ha.
In some cases, uptake of heavy metals (particularly Cd) was even reduced.

Soil to animals

The animals that have the greatest potential for contact with Alkaloam® are domestic livestock grazing
on Alkaloam® amended land. Cattle and sheep grazing on pasture growing in Alkaloam® amended
soil and the Alcoa residue area “maintained good health and grew well” (Smith, 1998) and “no obvious
health problems in the cattle were identified” (Allen, 1997). Analysis showed that levels of minerals,
heavy metals and vitamins were generally within normal levels (apart from cadmium, which as
discussed above is high due to the use of superphosphate fertiliser in WA).

URS
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In addition to the animal studies, the analysis of Alkaloam® amended soil (at 20 t/ha) shows that soil
constituents are below the maximum tolerable levels for animal feed, recommended in the standards
(Summers, 2001).

Further periodic monitoring and sampling of livestock is recommended, in order to address potential
community concerns. An additional level of robustness to the research would be met if soil involved in
the studies was analysed before and after Alkaloam® addition. This should also contribute to
maintaining the regions reputation.

There has been no testing on wildlife, but this is not considered a ‘gap’ per se, as testing of livestock
has been conducted. The reported good health of the livestock grazing directly on Alkaloam®
amended pasture indicates that further analysis on wildlife is not needed. In addition, the Code of
Practice mandates a buffer zone between native vegetation or riparian areas and amended farm land.

Soil to soil organisms

There is no evidence in the literature to suggest that Alkaloam® is detrimental to the health of the soil
and its organisms. The levels of elements in Alkaloam® are within regulatory guideline limits and most
are similar to naturally occurring soils (although concentrations of Fe and Al are slightly elevated,
which gives Alkaloam® its beneficial effects). Application of Alkaloam® is targeted at sandy, acidic
soils and therefore the rise in pH provided by Alkaloam® would be expected to favour most
organisms. Without specific studies on soil organisms, the overall health of the soil has to be judged
by the health of plants and the ease of growing a variety of species in Alkaloam® amended soil. The
growth rate of plants grown in Alkaloam® amended soil is improved compared to control sites
(Summers, 2001) and strongly suggests that the soil is in good health.

Radiation

The Bayer process extracts aluminium hydroxide from bauxite. In Western Australian bauxite,
extractable aluminium hydroxide3 is present at levels of around 30 per cent (measured as Al,O3), and
therefore the residue fraction (from which Alkaloam® is derived) has slightly elevated concentrations
of the remaining elements. Alkaloam® contains minor amounts of radioactive uranium (15-23mg/kg)
and thorium (220-250 mg/kg) (Alcoa, 2009) which remain from the original bauxite source. The
corresponding head-of-chain activities for Alkaloam® are 0.19 — 0.25 Bg/g for uranium and 0.90 —
1.02 Bq/g for thorium, respectively (Alcoa, 2009).

For potential exposure to the public, estimating the potential impacts of Alkaloam® use against the
1 mSv/year public limit involves modelling the combined contributions of exposures to (1) gamma
radiation from the Alkaloam®, (2) inhalation of radon progeny deriving from radon gas emitted by
Alkaloam®, and (3) inhalation of dust which contains Alkaloam® particles.

Research has shown that there is a linear relationship between the amount of Alkaloam® applied and
the resultant gamma radiation emission (Summers et al, 1993). The research showed that the
1 mSv/yr effective dose would only be reached at very high rates of over 1,500 t/ha of red-mud-
gypsum (RMG)4 application and with 100 per cent occupancy (meaning that the person would have to

® Total aluminium hydroxide is higher than this; extractable aluminium hydroxide is that which is extracted in the Bayer process.
* At very high application rates red mud was mixed with gypsum (called red-mud-gypsum or RMG) to reduce the pH and
increase the leaching of salt (Barrow 1982; Ward 1983). Without gypsum, pasture either failed to grow (because levels of
application were much higher than the 20 t/ha now recommended) (Barrow 1983) or suffered a slight yield reduction (Ward,

1983).
URS
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live on the treated land for every hour of an entire year). Therefore, at the suggested application rate
of 20 t/ha, over 75 repeat applications would be required to reach a level of potential concern for
humans. Based on Alcoa’s extensive radiological evaluations of bauxite residue storage (Alcoa, 2009),
the impacts from radon progeny and dust inhalation will also be very small at this application rate to
the extent that the combined above-background dose will be much less than 1 mSv/year. The risk
from radiation or radionuclides from Alkaloam® application at the suggested rate of 20 t/ha, is
therefore considered to be low.

Human health - air/dust and soil to organism
The main considerations for human health are:

e potential consumption of vegetables or animals in contact with Alkaloam® (secondary exposure),
e radiation;

e direct contact through handling of Alkaloam®; and

e dust emanating from the material.

Radiation has been discussed above and has been shown in the literature to be a low risk. Potential
consumption of vegetables or animals are secondary exposure pathways. Therefore the fact that
contaminant levels are within guideline levels in vegetables and animals, grown or grazed on
Alkaloam® amended land, indicates no secondary risk present to their consumption.

The Code of Practice provides guidance on the handling of Alkaloam®, and provides a range of
recommendations such as not applying Alkaloam® during times of high wind and using skirts on
spreaders to confine dust if moisture content of Alkaloam® is low. Alkaloam® penetrates into the top
soil with further watering or rain. Therefore any dust created during dry times would be a mixture of
soil and Alkaloam®, rather than Alkaloam® by itself.

Several studies have addressed potential dust and respiratory issues. This includes a survey of 89%
of 2,964 employees at three Western Australian refineries, which concluded that working in a WA
refinery had no major adverse effects on respiratory health (Musk et al. 2000). A comparison of an
Alkaloam® amended farm with a control farm that had not received Alkaloam® found no significant or
potentially hazardous effects from the dust (MPL, 1998).

A Screening Health Risk Assessment (SHRA) of the particulate emissions from Alcoa’s Pinjarra
Refinery Residue Storage Area (RSA) was undertaken to investigate the potential health risks arising
from these emissions (ENVIRON, 2008). This report found that:

e “the potential for emissions from red mud to cause acute health effects is primarily driven by the
nature of the material (contains particulate matter of 10 micrometers or less) rather than the
composition of the material (individual metals in the particulates), but represents no cause for
concern;

o the potential for emissions from red mud to cause chronic non-carcinogenic health effects
represents no cause for concern; and

e the potential for emissions from red mud to contribute to the incidence of cancer is below the
USEPA de minimis threshold of one in a million (i.e. 1 x 106)” (ENVIRON, 2008).

Overall, the research to date indicates that dust from Alkaloam® application does not represent a
health hazard to workers or surrounding communities. Further research on farm dust could strengthen
these results, but is not regarded as essential, given the results of research conducted to date.
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1.3.6 Performance and Beneficial Effects

The body of Alkaloam® research reviewed has shown that its application can provide the following
benefits:

e High Sorptive Capacity - Alkaloam® has a high sorptive capacity and an ability to adsorb a range
of elements including phosphorus and heavy metals.

e Phosphorus retention - Column test and field trials have shown that Alkaloam® can greatly
improve the phosphorus retention of certain soils. Alkaloam® can reduce phosphorus run-off by up
to 50 per cent when applied at 20 t/ha. On a catchment scale Alkaloam® can potentially reduce
phosphorus run-off by 30%, from 140 t/y to 98 t/y. This is a substantial advancement towards the
EPA target of 75 tonnes per year.

e Increase in pH of soil - Alkaloam® performs well as a liming agent with an alkalinity equivalent to
11% calcium carbonate (CaCO3). At the suggested application rate of Alkaloam® at 20 t/ha,a
beneficial increase in pH of the soil and soil leachate, of between 0.5 and 1 unit, has been shown.

e Increase in plant growth - There is adequate research and evidence to support claims that
Alkaloam® increases plant growth, primarily through: increased phosphorus retention in the soil,
and increased uptake of phosphorus by plants; and increased pH of the soil. At the suggested
application rates of 20 t/ha pasture production could be improved by ~ 21% and dry matter yield of
clover herbage by up to 48%.

e Improved water holding capacity - Alkaloam® applied on severely water repellent sand, at
applications of 200 t/ha made the soil slightly water repellent and at 500 t/ha the soil became
completely wettable. Therefore at Alkaloam® application rates of 20 t/ha, the water holding
capacity of these sandy soils may not be significantly altered. The water holding capacity of the soil
would be greatly improved, with repeat applications that result in levels of Alkaloam® of 500 t/ha.

1.3.7 Reapplication and potential heavy metal accumulation

The potential for accumulation of contaminants in soil is based on both the levels of elements in the
background soil and the concentration in the applied fertiliser or soil amendment, in this case
Alkaloam®.

In a separate analysis, URS compared Alkaloam® application for six WA soils (based on data
supplied by Alcoa) against a range of standards (see main report for a full explanation). The number of
times Alkaloam® can be applied was calculated by comparison against a range of thresholds
(maximum concentrations) provided in the standards. The analysis assumes that the Alkaloam®
becomes incorporated (e.g. through being washed in) or is mixed with the top 10cm of soil. The
analysis simply assesses how many times the soil can be amended with Alkaloam® before maximum
concentrations, specified in the standards are reached. Therefore the number of times Alkaloam® can
be applied is independent (in this simple analysis) of time and whether reapplication is performed
yearly or every five years.

Based on this analysis Alkaloam® can be applied up to 40 times (at the 20 t/ha application rate) for
certain soils (equivalent to 800 t/ha). In many cases the acceptable value will be higher once some of
the unknown concentrations of the soils have been analysed to a low enough level. The simple
analysis performed by URS for a range of soils, against available standards, has not indicated any
concerns, but applications over 80 t/ha should be supported by leachate tests (using the CEN/TS
14429 method).

URS
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1.3.8 Summary

In summary, the Alkaloam® research and literature has covered the exposure pathways of relevance
and concludes that Alkaloam® can be applied to broadacre agricultural land for applications up to a
total of 80 t/ha (as a one-off application or in increments up to 80 t/ha). Comparison against a range of
criteria suggests that Alkaloam® could be applied at levels of up to 800 t/ha for some soils, but this
needs to be supported by leachate analysis.

42906947/01/01
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1.4 Alkaloam® Project Administration and Approval Processes

A barrier to the commercialisation of Alkaloam® and other similar products that may be beneficially
reused in Western Australia, is the lack of a transparent environmental approval framework for
proponents to undertake.

Specifically, there is no formal framework for assessing and approving soil amendments or fertilisers
for application to agricultural land in Western Australia. New South Wales has specific guidelines for a
limited number of substances that have achieved exemption from the legislation “Protection of the
Environment Operations (Waste) Amendment (Residue Wastes) Regulation 2005 (New South Wales)
(although the reuse of residues from metal processing is currently still prohibited).

In other states, such as WA, the acceptability of using by-products as a soil amendment is assessed
on a case-by-case basis, which can often be an arduous and inconsistent process. A proponent must
apply to the DEC through a PER and clearly demonstrate the product to be beneficial and not harmful
to the environment, human health or agriculture.

In the case of Alkaloam®, the approval process was exclusively related to the use of Alkaloam® on
agricultural land in the Peel-Harvey region. The process to achieve that was long and often without
agreed targets from the perspective of both the proponent and the regulator. The process is therefore
inefficient.

1.4.1 Assessment framework recommendation

Western Australia requires a framework that clearly authorises the use of industrial by-products where
the safety and benefits have been demonstrated. This has been highlighted in recent research (Harris,
2007; Bossilkov and Lund, 2008). The approval process must contain three elements:

1. Assessment criteria — the approval process needs to clearly state how the product is to be
considered and assessed. This could be based on:

a. an Exposure Pathways approach (addressing potential environmental and health
impacts);

b. contaminants thresholds; and

c. leaching risk /behaviour under proposed and potential conditions.

2. Approved testing procedures— an approved list of tests depending on the material and
proposed use, e.g. to assess the leaching characteristics, should the proponent use the Australian
Standard Leaching Procedure or the European CEN/TS14429 test?

3. Review and approval process— options include:

a. exemption from the need for approval (for example in the case of Victoria where materials
with ‘direct beneficial reuse’ do not require EPA approval);
b. procedures based on material and/or specific end use;

streamlined approvals process, such as waste exemption, prior notice and permits; and

d. a hybrid approach - different levels of approval process depending on the anticipated
‘risk’, which would typically be dependent on end use (i.e. a ‘waste exemption’ for low risk
and or a ‘permit’ for the higher risk uses). Waste classification categories can be created
that define a range of contaminant thresholds for particular uses.

3]

Approval processes may also stipulate a requirement for the development of management strategies
to ensure the appropriate and controlled use of the substance. There may also be a requirement for:

URS
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e Quality assurance systems — to ensure procedures are in place to manage the quality of the
material;

e Specifications and Standards — development of suitable standards if the material does not meet
any existing specification or standards.

e Transport and storage guidelines —which are currently covered by the Code of Practice for
Alkaloam®.

For application to land there is a need for a mechanism to assess and approve application rates of the
soil conditioner. The limits of the maximum average and absolute average of chemical constituents
can be provided, in addition to the test methods that must be used to determine these levels.

42906947/01/01
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1.5 Benefits of Using Alkaloam®

The benefits associated with the use of Alkaloam® as a soil amendment on agricultural land in the
Peel-Harvey catchment were classified into:

e Agricultural benefits, which will occur with productivity improvements and cost savings from
reduced fertiliser usage. These benefits will tend to flow directly to the farmers who apply
Alkaloam® on their farms;

e Environmental benefits, which will be generated as a result of reduced phosphate runoff from
agricultural land with a consequent reduction in eutrophication and lower frequency of algal blooms
and associated fish kills. Reduced frequency of algal blooms will also reduce waterway cleanup
costs and reduce the frequency of impacts on recreation value and impacts of odour upon urban
areas. If eutrophication can be reduced sufficiently, then in time, agency costs associated with
research, monitoring and regulation might also be reduced; and

o Stockpile cost savings, which will be realised as a result of reduced residue storage requirements.
Lower storage costs of bauxite residue will potentially provide some reduction in Alcoa’s operation
costs and will also reduce the area of land required for storage of bauxite residue if significant
volumes of red mud can be diverted from stockpiles. However, only sustained releases of red mud
over a long period of time could impact the overall operational costs, if it defers or avoids the
requirement to construct residue storage areas. In the short term there is likely to be additional
costs with commercialising Alkaloam® — new stockpiles will need to be established for external
access, potentially with loading and access infrastructure.

The potential value of Alkaloam® was assessed within a benefit-cost analysis framework by
estimating value to agriculture, the environment, and stockpile costs savings. The destailed
assumptions used in this analysis are discussed in the full report. Overall the potential net value of
Alkaloam®, if used as an agricultural soil amendment in the Peel-Harvey catchment is estimated to in
the region of $70 million over 25 years. This comprises some $39 million in agricultural benefits, $24
million in environmental benefits, and $6 million in saved residue storage costs.

The benefit: cost ratio of agricultural values was shown to be 1.75, and the internal rate of return was
59 per cent. These numbers suggest a strong financial incentive for farmers to use Alkaloam® on
their low PRI or sand soils. These returns exclude any additional environmental advantages to the
community, and any liming effect benefits.

The adoption of Alkaloam® will be contingent on high financial incentives generated by productivity
improvements. These incentives are based on a 20 per cent productivity increase and application
costs at budgeted levels of around $15-16 per tonne. In practice, any decline in productivity gain or
increase in application cost will result in little incentive for farmers to use the product.

The marginal benefit of using Alkaloam® as a phosphate export abatement mechanism suggests an
environmental value of $24 million. This estimate excludes the value of environmental amenity,
recreational and tourism value, and any human health costs that may be associated with a degraded
ecosystem. As such the $24 million estimate should be considered as a lower-bound approximation of
environmental value.

The projected savings in residue storage costs come from delayed construction of new residue
storage areas, but are unlikely to have effect within the next 15 years. The estimated use of
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Alkaloam® in the Peel Harvey area over 25 years is about 6.6 million tonnes or 1.5 per cent of residue
produced.

This assessment indicates the use of Alkaloam® as an agricultural soil amendment in the Peel-Harvey
catchment will produce a net benefit to the community. It should provide productivity benefits to
farmers, provide a cost effective approach to reduce exports of phosphorus from agricultural soils and
reduce environmental impacts, and to some extent it will reduce the area required and cost of bauxite
residue storage.

1.6 Addressing comments arising from Community Consultation

This section summarises and addresses comments raised during the Community Consultation phase
of this project. They are responded to using evidence provided in this report.

1.6.1 Stakeholder comments summary

e Alkaloam® is not effective on clay — this is true, agricultural soils with a low phosphorus retention
index (PRI) are those that will receive the greatest productivity improvements from Alkaloam®.

e Don'’t see any agricultural benefits from using Alkaloam® just a way of reducing the
stockpile - Laboratory, field and catchment-scale trials have repeatedly shown use of Alkaloam®
to increase pasture productivity by up to 25 per cent. This study estimates the value to agriculture
in the Peel Harvey area to be some $40m over 25 years. The estimated use of Alkaloam® is only
1.5% of residue produced and represents a small saving in storage costs to Alcoa.

o Radiation - Research showed that the 1 mSv/yr effective dose would only be reached at very high
rates of over 1,500 tonnes of Alkaloam® per hectare and with 100 per cent occupancy (meaning
that the person would have to live on the treated land for every hour of an entire year). Therefore,
at the suggested application rate of 20 t/ha, over 75 repeat applications would be required to reach
a level of potential concern. The risk of radionuclide bioaccumulation by livestock through soil
ingestion is small but there appears to have been no research in WA or internationally regarding
this. Based on the research the from radiation or radionuclides from Alkaloam® application at the
suggested rate of 20 t/ha is considered to be very low.

e Heavy metals — The leaching ability of Alkaloam® has been tested using a variety of methods. The
leachate tests have covered heavy metals of concern to groundwater. Leachate tests confirm
Alkaloam® amended soil to be within acceptable limits based on water quality guidelines, landfill
guidelines and soil investigation levels. The research and literature suggests that Alkaloam® could
be reapplied up to 40 times for some soils (equivalent to 800 t/ha). Applications over 80 t/ha (as a
one-off application or in increments up to 80 t/ha) should be supported by leachate tests using the
intended soil type. Alkaloam® amendment raises the pH of acidic soils to a level where leaching of
metals is less likely

e Caustic soda and leaching into water system — The pH of Alkaloam® is less than conventional
red mud (pH<10.5) due to the carbonation process converting residual caustic to its corresponding
carbonate salt. The effects of accumulation in water course sediments (and potential effects on
meiofauna) has not been specifically researched, but the results of the research have not
highlighted this as a concern. In addition, the risk has been mitigated by the Code of Practice which
states: Alkaloam® should not be applied directly to, or within 50 metres of open water or wetland
dependent vegetation of Conservation Category Wetlands, as defined by the Water and Rivers
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Commission. Alkaloam® shall not be applied directly to, or within 50 metres of wetlands listed on
the Environmental Protection (Swan Coastal Plain lakes) Policy 1992. Further to these safeguards,
the composition of Alkaloam® and the proposed application rates indicate that there is no need for
any further research. There is no evidence in the literature to suggest that Alkaloam® presents a
risk to surface water at the suggested application rate of 20 t/ha.

o Effects of Alkaloam® on farm productivity — There is adequate research and evidence to
support claims that Alkaloam® increases plant growth. The net value from improved agricultural
productivity in the Peel Harvey area, with the application of Alkaloam®, has been estimated to be
worth some $40 million over 25 years.

e Potential health risks to animals — Quantities of heavy metals found in Alkaloam® are similar to
many soils including those naturally occurring within the Peel-Harvey catchment. When applied at
the suggested 20 t/ha rate, concentrations are well below the maximum tolerable levels for
domesticated animals, detailed in the standards. Cattle and sheep grazing on pasture growing in
Alkaloam® amended soil and the Alcoa residue area “maintained good health and grew well”
(Smith, 1998) and “no obvious health problems in the cattle were identified” (Allen, 1997). Analysis
showed that levels of minerals, heavy metals and vitamins were generally within normal levels
(apart from cadmium, which as discussed above is high due to the use of superphosphate fertiliser
in WA). Further periodic monitoring and sampling of livestock is recommended, in order to address
potential community concerns. An additional level of robustness to the research would be met if soll
involved in the studies was analysed before and after Alkaloam® addition..

e Potential health risks to people — Radiation has been shown to be a considerably low risk.
Potential consumption of vegetables and animals are secondary exposure pathways. Therefore
contaminant levels that are within acceptable limits in vegetables and animals, grown or grazed on
Alkaloam® amended land, indicates no secondary risk present to their consumption. The potential
concerns about Alkaloam® dust are the effects on farmers and workers that apply Alkaloam®, and
the surrounding communities. The Code of Practice gives a range of recommendations such as not
applying Alkaloam® during times of high wind and using skirts on spreaders to confine dust if
moisture content of Alkaloam® is low. Alkaloam® penetrates into the top soil with further watering
or rain. The research to date indicates that dust from Alkaloam® application does not represent a
health hazard to workers or surrounding communities. Further research on farm dust could
strengthen these results, but are not regarded as essential.

e Alkaloam® dust as a nuisance issue - It is noted that about half the respondents of the
community consultation raised dust as a nuisance issue. The Code of Practice acknowledges that
Alkaloam’s high visibility and capacity to stain are likely to be a concern to the general public. The
Code recommends a number of practices to minimise dust problems. These include:

Avoiding handling and application of Alkaloam during strong winds and storms.

Ensuring application to paddocks and temporary stockpiling of Alkaloam is undertaken at a
sufficient distance from residences, other buildings and public amenities so as to not cause a
dust nuisance.

Informing neighbours who may be affected by dust, of application times so that appropriate
measures can be taken to reduce any possible dust problems.

Use of covers or sprinklers on temporary stockpiles should paddock application or stockpile
cleanup be delayed.

Gearing the spreader for a slower spinner speed to prevent excessive pulverising of Alkaloam,
thus reducing dust production.

URS
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Putting skirts on spreaders to confine dust if the moisture content of Alkaloam falls to the point
that dust production occurs.

If excessive dust is generated to the extent that it is likely to cause concern to neighbours
and/or the general public, and complaint or objection is likely to arise, spreading should stop or
the application be modified to reduce dust levels significantly. This is the responsibility of the
landowner or manager and the contractor.

e Potential damage to the region’s reputation as a ‘clean’ food production area — not taint the
milk produced - Cattle and sheep grazing on pasture growing in Alkaloam® amended soil and the
Alcoa residue area “maintained good health and grew well” (Smith, 1998) and “no obvious health
problems in the cattle were identified” (Allen, 1997). Analysis showed that levels of minerals, heavy
metals and vitamins were generally within normal levels (apart from cadmium, which as discussed
above is high due to the use of superphosphate fertiliser in WA). In addition to the animal studies,
the analysis of Alkaloam® amended soil (at 20 t/ha) shows that soil constituents are below the
maximum tolerable levels for animal feed, recommended in the standards (Summers, 2001).
Further periodic monitoring and sampling of livestock is recommended, in order to address
potential community concerns. An additional level of robustness to the research would be met if soll
involved in the studies was analysed before and after Alkaloam® addition. This should also
contribute to maintaining the regions reputation...

e Propensity of Alkaloam® to harden into lumps, particularly in summer when Alkaloam® was
not spread efficiently and effectively - The Code of Practice shows the general requirements for
distribution and application of Alkaloam®, and describes the requirements for cartage contractors.
Adherence to this Code should address this issue.

e Potential damage to local roads arising from the transport of Alkaloam® from the refinery to
farms, and any risk of dust blowing off the back of the trucks - The Code of Practice shows
the general requirements for distribution and application of Alkaloam®, and describes the
requirements for cartage contractors. Adherence to this Code should address this issue.

e Inappropriate use of Alkaloam® as a potential risk - overuse, or over application, of
Alkaloam® as a potential environmental and economic risk for the region - The Code of
Practice shows the general requirements for distribution and application of Alkaloam®, and
describes the requirements for cartage contractors. Adherence to this Code should address this
issue.

¢ Risks of a product like Alkaloam® may only be understood in the longer term - This may be
true for some issues. This is why this report has made recommendations for some additional
research, however, research has been ongoing for 20 years and in that time the literature reports
that no specific issues have arisen from the earlier amendments.

e Better to be ‘safe than sorry’ with respect to the use of Alkaloam® — This report has attempted
a thorough evaluation of technical and safety issues. In summary, the literature review shows that
there is no evidence to suggest that Alkaloam® is unsafe. It also concludes that it is of value for
agricultural use in the Peel Harvey area. Some issues have been identified for additional research
to confirm assertions of safety. Like all products, at some point, the level of community benefit has
to be compared against known levels of risk.

e Price would be an important consideration in the commercialisation of Alkaloam® - This is
also true. This analysis suggests strong returns to agriculture, assuming distributions costs of
around $15 per tonne. Ultimately it will be each farmer's commercial decision whether to use
Alkaloam® or not. Like all farm management decisions they will assess expected benefits against

costs for their particular mix of soils and landuses.
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There is a lack of understanding in the community about Alkaloam® — This project is one
effort to help address this concern.

Community engagement practices would be needed to connect with the community and
reverse any remaining negative public perceptions about Alkaloam® — Again this report and its
release is part of an effort to address that concern. Further efforts will be contingent on decisions to
re-release or commercialise Alkaloam®

Perceived lack of government policy frameworks in respect to land management and
resource practice — This issue is beyond the scope of this project but the Peel-Harvey Water
Quality Improvement Plan provides useful context regarding the value and use of Alkaloam® as a
land management option.

1.6.2 Stakeholder expectations

That all agencies and stakeholders associated with Alkaloam® conduct themselves with the
highest standards of transparency of process, evaluation and implementation — There is no
reason to suggest why this has not, or will not, be the case.

That the declared benefits of Alkaloam®, such as increased crop yields, are fully
understood with key stakeholders taking into account the range of soil types and potential
applications — There is a great range of literature available to describe this, including this report.
There may be advantage in providing concise summaries and field information days if considered
appropriate.

That the product is demonstrated as acceptable for human and animal health, and that any
residual safety concerns are addressed to the satisfaction of the community — This is a key
objective of this report.

That the off-farm benefits and the role of Alkaloam® in promoting and sustaining the health
and well-being of the broader catchment are demonstrated - These results indicate such, and
are supported by the Peel-Harvey Water Quality Improvement Plan.

That the potential long-term consequences of Alkaloam® — both positive and negative — be
considered and evaluated on an ongoing basis. Agreed, and for some technical issues, this
forms the reason for some of the recommendations for further research.

42906947/01/01
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1.7 Alkaloam® Sustainability Assessment

A summary of the sustainability assessment is presented against four areas:

o the safety of Alkaloam®;

o the effectiveness of Alkaloam®;

¢ the value of Alkaloam®; and

¢ the current status of community acceptance of Alkaloam®, and how best to achieve acceptance
should it be shown to be safe, effective and of value.

Each of these goals is evaluated against a number of criteria, for which the current status of
knowledge or management or process is assessed. If there are any identified gaps in knowledge or
management or process they are described, and then the implications for possible adoption of
Alkaloam® as a soil amendment in the Peel-Harvey Catchment are discussed.

1.7.1 Safety of Alkaloam®

Soil to surface water

e Status - There is no evidence in the literature to suggest that Alkaloam® application presents any
risk to surface water. The monitoring programme has indicated that run-off following Alkaloam®
application has reduced and less discharge has entered the monitored drains. This should lead to
increased groundwater recharge and availability of water for plants. The surface water monitoring
program has been well implemented and reported in the Performance and Compliance report, in
accordance with the requirements requested by the EPA in its response to the PER.

e Knowledge or process gaps - No identified gaps.

e Implications for adoption - No further implications. Surface water monitoring should be performed
in accordance with the requirements stipulated by the EPA.

Soil to groundwater

e Status - Leachate tests confirm Alkaloam® amended soil to be within acceptable limits based on
water quality guidelines, landfill guidelines and soil investigation levels. The groundwater
monitoring programme has not been performed to the same standard as the surface water
programme. However, the leachate tests performed indicate that recommended concentrations of
elements would not be exceeded.

e Knowledge or process gaps - The results of the ground water monitoring would be more useful
and informative if the tests could be performed again with bore monitoring both before and after
application. If this is undertaken for a selection of future amendments, two years of data before
application would provide a sound level of robustness.

e Implications for adoption — It is recommended that the CEN/TS 14429 tests are repeated using
the intended soil, if applications exceed an accumulative total of 80 t/ha are implemented or more
than four applications of 20t/ha are proposed.

Soil to plants

e Status - A range of research has been conducted on Alkaloam® amended soil at rates up to 1,680
t/ha. The research has covered heavy metals and radionuclides and has shown that uptake of
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elements by plants is well within regulatory and guideline levels. There were no noted detrimental
effects to either cultivated, or remnant vegetation.

e Knowledge or process gaps - No identified gaps.

e Implications for adoption — No further implications.

Soil to animals

e Status - Cattle and sheep grazing on pasture growing in Alkaloam® amended soil and the Alcoa
residue area “maintained good health and grew well” (Smith, 1998) and “no obvious health
problems in the cattle were identified” (Allen, 1997). Analysis showed that levels of minerals, heavy
metals and vitamins were generally within normal levels (apart from cadmium, which as discussed
above is high due to the use of superphosphate fertiliser in WA). In addition to the animal studies,
the analysis of Alkaloam® amended soil (at 20 t/ha) shows that soil constituents are below the
maximum tolerable levels for animal feed, recommended in the standards (Summers, 2001).

e Knowledge or process gaps - Further periodic monitoring and sampling of livestock is
recommended, in order to address potential community concerns. An additional level of robustness
to the research would be met if soil involved in the studies was analysed before and after
Alkaloam® addition. This should also contribute to maintaining the regions reputation..There has
been no testing on wildlife. This is not considered a ‘gap’ per se, as testing of livestock has been
conducted. The reported good health of the livestock grazing directly on Alkaloam® amended
pasture indicates that further analysis on wildlife is not needed. In addition, the Code of Practice
mandates a buffer zone between native vegetation or riparian areas and amended farm land.

e Implications for adoption - Further periodic monitoring and sampling of livestock is
recommended, to demonstrate satisfactory animal health.

Soil to soil organisms

e Status - There is no evidence in the literature to suggest that Alkaloam® is detrimental to the
health of the soil and its organisms. The improved growth and health of plants on Alkaloam®
amended soil support this view.

e Knowledge or process gaps - No gaps identified.

e Implications for adoption - No further implications.

Air/dust to organism (human health)

e Status - The research indicates that dust from Alkaloam® application does not represent a health
hazard to workers or surrounding communities.

e Knowledge or process gaps - No gaps identified.

e Implications for adoption - No further implications.

1.7.2 Alkaloam® is effective

High Sorptive Capacity

e Status - The ability of Alkaloam® to adsorb heavy metals has been well documented.

e Knowledge or process gaps - No identified gaps.

e Implications for adoption - Alkaloam® has a high sorptive capacity and an ability to adsorb a
range of elements including phosphorus and heavy metals.
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Phosphorus retention

Status - Column test and field trials have shown that Alkaloam® can greatly improve the
phosphorus retention of certain soils. There is sufficient research and evidence to support the claim
that Alkaloam® will greatly aid phosphorus retention on amended land.

Knowledge or process gaps - No identified gaps.

Implications for adoption - Alkaloam® can reduce phosphorus run-off by up to 50 per cent when
applied at 20 t/ha. On a catchment scale Alkaloam® can potentially reduce phosphorus run-off by
30%, from 140 t/y to 98 t/y. This is a substantial advancement towards the EPA target of 75 tonnes
per year.

Increase in pH of soil

Status - Alkaloam® performs well as a liming agent with an alkalinity equivalent to 11% calcium
carbonate (CaCO;).

Knowledge or process gaps - No identified gaps.

Implications for adoption - At the suggested application rate of Alkaloam® at 20 t’/ha a beneficial
increase in pH of the soil and soil leachate of between 0.5 and 1 unit has been shown.

Increase in plant growth

Status - There is adequate research and evidence to support claims that Alkaloam® increases
plant growth, primarily through: increased phosphorus retention in the soil, and increased uptake of
phosphorus by plants; and increased pH of the sail.

Knowledge or process gaps - No identified gaps.

Implications for adoption - At the suggested application rates of 20 t/ha pasture production could
be improved by ~ 21% and dry matter yield of clover herbage by up to 48%.

Improved water holding capacity

Status - Alkaloam® applied on severely water repellent sand at applications of 200 t/ha made the
soil slightly water repellent and at 500 t/ha the soil became completely wettable. Therefore at
Alkaloam® application rates of 20 t/ha, the water holding capacity of these sandy soils may not be
significantly altered.

Knowledge or process gaps - No identified gaps.

Implications for adoption - At suggested rates of 20 t/ha the water holding capacity of the soil will
not be significantly altered. The water holding capacity of the soil would be greatly improved with
repeat applications that result in levels of Alkaloam® of 500 t/ha.

1.7.3 Alkaloam® has value

Value to agriculture

Status - Benefits to farmers applying Alkaloam® to low PRI soils at 20 t/ha every five years in the
Peel-Harvey catchment were estimated to be positive. Net agricultural benefits of $39 million were
shown with a benefit cost ratio of 1.75, and the internal rate of return was 59%. These numbers
suggest a strong financial incentive for farmers to use Alkaloam® on their low PRI or sandy soils.
These returns exclude any additional environmental advantages to the community.
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e Knowledge or process gaps - The result is shown to be sensitive to assumed application cost
and productivity increases. Productivity increases have been long tested by research and field trials
and should be robust (i.e. reliably achievable) with widespread adoption. Supply and application
costs do not seem to be as robustly developed. There is a need to validate supply chain costs.

e Implications for adoption - The adoption of Alkaloam® will be contingent on strong financial
incentives generated by productivity incentives. These incentives will be based on at least a 20%
productivity increase and the maintenance of application costs at budgeted levels around $15-16
per tonne in the paddock. Any decline in productivity gain or increase in application cost will result
in little incentive for farmers to use the product, unless the environmental value from the use can be
used to offset supply and application costs.

Value to the environment

e Status - Environmental benefits were estimated by using the marginal benefit of phosphorus export
abatement as a measure of value. They are indicated to be at least $24m.

e Knowledge or process gaps - This assessment did not estimate the value of environmental
amenity, recreational and tourism value, and any human health costs that may be improved with
improved ecosystem health in the Peel-Harvey catchment. These values might be useful in better
understanding a level of cross funding from environmental management budgets to enable higher
levels of Alkaloam® use should it be seen as appropriate.

e Implications for adoption - Alkaloam® provides one of the most cost effective options to reduce
phosphorus exports. Its use should provide environmental benefits that complement agricultural
benefits. Adoption may be enhanced by using the level of marginal environmental benefit to assist
with farmer adoption of Alkaloam®.

Stockpile cost savings

e Status - The analysis showed the saving to Alcoa from reduced residue storage costs to be $6
million over 25 years, given 6.6 million tonnes or 1.5% of residue produced is used in the Peel
Harvey area as a soil amendment.

e Knowledge or process gaps - It is unclear from available data what is included in the estimated
cost of applying Alkaloam®. The key assumption in stockpile cost calculation is that Alkaloam® is
provided by Alcoa at a rate that is cost-neutral to Alcoa. The cost of supplying, carting and
spreading of Alkaloam® needs to be validated to ensure the total cost aligns with the estimate used
in this study (as per Agricultural benefit knowledge gap).

e Implications for adoption - The returns to agriculture are sensitive to the cost of application.
Results indicate only a small margin for a third party to supply some 200,000 tonnes annually to the
Peel-Harvey catchment.

1.7.4 Alkaloam® endorsement by regulators and the community

Government agencies support Alkaloam® in the Peel Harvey project area

e Status —In 1993 the (then) DAWA submitted a proposal, as a PER, for the use of Alkaloam® in the
Peel-Harvey Coastal Plain Catchment. Approval was given by the EPA for a project entitled
‘Widespread use of bauxite residue, Peel-Harvey Coastal Plain Catchment’. The project was
approved for a period of 5 years with a number of environmental conditions, including the
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development of a Code of Practice (COP). Approval lapsed in 1998 and DAWA applied for an
extension of the project’s approval which was extended in 2000 with several amendments to the
conditions. In 2002 a Sydney Morning Herald article criticized the use of Alkaloam® and other
industrially-sourced soil amendments. This resulted in considerable attention on the project - both
positive from supportive landholders and negative. In 2002 Alcoa withdrew the availability of
Alkaloam®. In 2006 the Progress and Compliance Report was submitted to DEC and EPA
requesting formal clearance of all outstanding conditions;, but at the time of writing the processing
of this request has not yet been finalised..

e Knowledge or process gaps — DAFWA are seeking clearance of outstanding EPA project
approval conditions.

e Implications for adoption — Once Progress and Compliance Report conditions are cleared by the
DEC and EPA there are no obstacles to the release of Alkaloam® in the Peel-Harvey catchment It
will become an issue of community endorsement and an operational decision for Alcoa.

Peel Harvey stakeholders and State community endorse and trust Alkaloam®

e Status - There exist a wide variety of perceptions and misconceptions about the safety and value
of Alkaloam®. Community views of Alkaloam® are inextricably linked with the reputation of Alcoa.
Concerns were raised regarding Alcoa’s reputation in terms of a lack of transparency and
insufficient engagement processes.

e Knowledge or process gaps - Public perceptions of Alkaloam® and Alcoa need to be addressed
for the commercialisation of Alkaloam® to be a success. A comprehensive community engagement
strategy regarding Alkaloam® which ties in with a broader Alcoa engagement strategy is required.
A variety of dissemination and engagement processes need to be adopted, including opportunities
for the community to feedback on this current review. Information about the product uses and
benefits needs to be readily available to interested stakeholders. Marketing and community
engagement are needed to connect with the community and reverse deep seated public
perceptions.

e Implications for adoption - Any strategy to re-release or commercialise Alkaloam® should be
accompanied by a program of best-practice community and participatory engagement. This
should, in the first instance at least, be inclusive of all key organisational actors and incorporate a
representative cross-section of community interests. Provision of a comprehensive and
appropriately targeted education program utilising a range of engagement and information
dissemination mechanisms will need to be implemented to address inaccurate perceptions and
knowledge gaps.

Implement a program of best-practice community and participatory engagement: Ensure
regional Indigenous groups are factored into any engagement plans, taking into account the
range of interest groups and their priorities.

Ensure transparency of future research dissemination: Put in place precautionary steps to
ensure current and future processes in respect of Alkaloam® are suitably disseminated with
appropriate opportunities for community to review, engage and provide feedback, particularly in
instances where community members have made a contribution to the data collection process.
Education: For the product to be successful and achieve market share, both on-farm and off-
farm, a comprehensive and appropriately targeted education program that utilises a range of
engagement and information dissemination mechanisms will need to be implemented. These
education programs must directly tackle the key issues of concern identified by stakeholders.
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Government agencies approve and endorse the use of Alkaloam® as a product

Status - Currently Alkaloam® is approved as a project for defined uses in a defined area; it does
not have approval as a generic product. Western Australia requires a framework that clearly
authorises the use of industrial by-products where the safety and benefits have been
demonstrated.

Knowledge or process gaps — The approval process must contain three elements: assessment
criteria; approved testing procedures; and review and approval process. Approval process may
also stipulate a requirement for the development of management strategies to ensure the
appropriate and controlled use of the substance. There may also be a requirement for: quality
assurance systems; specifications and standards; and transport and storage (currently covered by
the Code of Practice). For application to land there is a need for a mechanism to assess and
approve application rates of the soil conditioner. As in the regulation for New South Wales the limits
of the maximum average and absolute average of chemical constituents can be provided, in
addition to the test methods that must be used to determine these levels.

Implications for adoption — Without an approval process with the capability to approve and
endorse by-products such as Alkaloam® as products with defined uses, approval processes will
continue to be somewhat arbitrary in their timelines and requirements. This will be a barrier to
efforts to turn residue into by-products of value.
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1.8 Summary and Recommendations

The assessment methodology extends the scope of previous environmental assessments of
Alkaloam® which have been compliance driven to meet the requirement of the Environmental
Protection Act. The inclusion of social and economic considerations in conjunction with an
environmental assessment may lie outside the EPA's jurisdiction in terms of any recommendations to
the Minister. However, social perception issues and economic benefit are encompassed in the
sustainability assessment to provide a more complete evaluation of the potential issues and
opportunities associated with any by-product reuse.

The Alkaloam® research and literature has covered the exposure pathways of relevance and
concludes that Alkaloam® can be applied to broadacre agricultural land for applications up to a total of
80 t/ha (as a one-off application or in increments up to 80 t/ha). Comparison against a range of criteria
suggests that Alkaloam® could be applied at levels up to 800 t/ha for some soils, but this needs to be
supported by leachate analysis for applications greater than 80 t/ha.

This assessment indicates the use of Alkaloam® as an agricultural soil amendment in the Peel-Harvey
catchment will produce a net economic benefit to the community, valued at $70 million over 25 years.
It should provide productivity benefits to farmers, provide a cost effective approach to reduce exports
of phosphorus from agricultural soils and reduce environmental impacts. Use in the Peel Harvey area
only will only provide a minimal reduction in the area required for, and cost of, bauxite residue storage.

If Alkaloam® is to be re-released or commercialised, there are a number of issues to be considered for
achieving regulator and community endorsement. They are listed below as a set of recommendations.

1.8.1 Further research

1. The groundwater monitoring results from farmland applications of Alkaloam® have not shown any
cause for concern, with relevant quality criteria being met. As such, the groundwater monitoring
program in place is considered appropriate for farmlands in the Peel Harvey Catchment. The
results of the ground water monitoring would be informative with bore monitoring both before and
after application. If this is undertaken for a selection of future amendments, two years of data
before application would provide a sound level of robustness (this period of monitoring would not
entail unreasonable costs but would help overcome any discrepancies due to seasonal variations).

2. The testing and cost benefit analysis supports the repeat application of Alkaloam® at up to 20t/ha
over appropriate soil types within the Peel Harvey Catchment. If more than four applications of
20t/ha are proposed (i.e. a total of 80 t/ha, regardless of the timeframe), further assessment of
accumulation of trace elements and leachate may be warranted.

3. There is no evidence in the literature to suggest Alkaloam® is detrimental to health of livestock. .
Further periodic monitoring and sampling of livestock is recommended, in order to address
potential community concerns. The livestock should be tested for levels of trace elements within
the tissue and organs An additional level of robustness to the research would be met if soil
involved in the studies was analysed before and after Alkaloam® addition.

4. The economic analysis was shown to be sensitive to assumed application cost and productivity
increases. Productivity increases have been long tested by research and field trials and should be
robust (i.e. reliably achievable) with widespread adoption. Supply and application costs do not
seem to be as robustly developed. The cost of supplying, carting and spreading of Alkaloam®
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should be validated to confirm that Alkaloam® can be supplied at a cost that provides the indicated
agricultural benefits.

5. This economic analysis did not include the value of environmental amenity, recreational and
tourism value, and any human health costs that may be improved with enhanced ecosystem health
in the Peel-Harvey catchment. These values might be useful in determining any appropriate cross
funding from environmental management budgets to enable adoption of Alkaloam® should it be
considered appropriate.

1.8.2 Endorsement

Public perceptions of Alkaloam® and Alcoa need to be addressed for the re-release or
commercialisation of Alkaloam® to be a success. Provision of a comprehensive and appropriately
targeted education program utilising a range of engagement and information dissemination
mechanisms will need to be implemented to address inaccurate perceptions and knowledge gaps.

6. Implement a program to communicate the risks and benefits of Alkaloam® (which includes this
project). This should be inclusive of key organisational actors and incorporate a cross-section of
community interests. Ensure regional Indigenous groups are factored into any engagement plans,
taking into account the range of interest groups and their priorities.

7. To achieve transparency of research dissemination there is a need to provide opportunities for
community to review, engage, and provide feedback, particularly in instances where community
members have made a contribution to the data process.

8. A comprehensive and appropriately targeted education program has been developed and is
required by the Code of Practice to be in place for the release of Alkaloam®. The ongoing running
of these education programs will need to continue under any commercialisation process.

9. In general Alkaloam® is of most use on acidic sandy soils that are typical of the Peel-Harvey
catchment area. A summary document that explains the types of soils that lend themselves to the
use of Alkaloam®, and those where there will be less benefit from soil amendment, would be
beneficial for inclusion into future farmer education programs.

1.8.3 Approval processes

10.The current approval mechanism for the use of Alkaloam® in the Peel Harvey catchment has been
under Part 4 of the Environment Protection Act, via a PER process. DAFWA believes that all the
Ministerial Conditions which accompany this approval have been met and has provided a project
closure report to the DEC. It is recommended that this process be concluded as a priority to
provide clarity to potential commercialisation processes.

11.Western Australia requires a framework that clearly authorises the use of industrial by-products
where the safety and benefits have been demonstrated. It is recommended that an approval
process be developed that contains three elements: assessment criteria; approved testing
procedures; and transparent review and approval process. Approval process may also stipulate a
requirement for the development of management strategies to ensure the appropriate and
controlled use of the substance. There may also be a requirement for: quality assurance systems;
specifications and standards; and product transport and storage. For application to land there is a
need for a mechanism to assess and approve application rates.
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Limitations

URS Australia Pty Ltd (URS) has prepared this report in accordance with the usual care and
thoroughness of the consulting profession for the use of the Centre for Sustainable Resource
Processing and only those third parties who have been authorised in writing by URS to rely on the
report. It is based on generally accepted practices and standards at the time it was prepared. No other
warranty, expressed or implied, is made as to the professional advice included in this report. It is
prepared in accordance with the scope of work and for the purpose outlined in the Proposal dated 20
December 2007.

The methodology adopted and sources of information used by URS are outlined in this report. URS
has made no independent verification of this information beyond the agreed scope of works and URS
assumes no responsibility for any inaccuracies or omissions. No indications were found during our
investigations that information contained in this report as provided to URS was false.

This report was prepared between February 2008 and November 2009 and is based on the conditions
encountered and information reviewed at the time of preparation. URS disclaims responsibility for any
changes that may have occurred after this time.

This report should be read in full. No responsibility is accepted for use of any part of this report in any
other context or for any other purpose or by third parties.
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