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1. Introduction

During the mining process barren soils will be dug up and either stockpiled for later return to the mining pit or returned directly to the pit.  Soils containing ore are mined and processed to extract the mineral, with non-mineral soil components returned to the pit or solar drying dams, and the process water to water storage facilities.

Investigations have revealed that soils in the northern and southern parts of the deposit have acidic characteristics.  While these soils are not acid sulfate soils measures are in place to ensure potential impacts associated within the handling and processing of these soils are minimised.

Furthermore other soil studies have identified soils which have needs for special management due to their unstable structural characteristics.

1.1. Objective

The objective of this Soil Management Plan is to ensure that significant impacts from acidic soils to the surrounding environment and rehabilitated landscape are prevented and to ensure that significant impacts to soil structure are prevented.

2. EXISTING environment

2.1. Soil Structure

A soil survey conducted by Oracle Soil and Land Pty Ltd (2002) for the Project found that the soils in the Project Area originated from the adjacent Gingin Scarp and Dandaragan Plateau, being deposited by alluvial, fluvial and colluvial processes. The characteristics of these soils are strongly influenced by the present redoximorphic conditions.

The soil types present in the Project Area are composed of eight distinctly different soil materials. Based on their properties, the soil materials have been classified into three Soil Material Management Units (SMMU) of Topsoil, Subsoil and Overburden. 

These soils exhibit a range of physical and chemical properties most of which are adequate to support plant growth.  SMMU 3 (Overburden) exhibits macro and microstructural instability, slaking rapidly when air-dried aggregates are re-wet.

Details of the soil types identified and the distribution of these soils can be found in Oracle Soil and Land Pty Ltd (2002).

2.2. Acidic Soils

An initial field investigation into the occurrence of acid sulfate soils was undertaken in November 2003 and further investigations have been undertaken during 2004.  Three drillholes were sampled within the orebody in the areas considered to have the highest ASS potential. Samples were collected every 1 metre and tested for Suspension Peroxide Oxidation Combined Acidity and Sulfate (SPOCAS) and Chromium Reducible Sulfur (CRS) (Figure 1 and Table 1). The results of the SPOCAS and CRS testwork indicate that these soils do not contain acidifying sulfidic minerals (i.e. pyrite), indicating that these soils are not potential acid sulfate soils.  The majority of samples have Existing and Potential Acidity less than the action criteria specified by the DoE.  All of the analysed holes have low oxidisable sulfidic acidity.
The northern drillhole (GG1296) had several samples with the Total Peroxide/Potential Acidity (TPA) greater than the guideline value of 18 Mole H+/t.  This was attributable to the high inherent of existing Total Actual Acidity (TAA) in these soils.  Analysis of pHKCl and pHOX show that these samples do not contain significant amounts of oxidisable sulfidic minerals.  This is also supported by the very low SKCl, SP and SCr values.
A further drilling program comprising of approximately 20 holes across the orebody is being undertaken to confirm the location of acidic soils.  This detailed drilling will assist with delineation of the acidic soil areas.
Table 1:  Results of SPOCAS testwork
	Sample Number
	SKCl
	pHKCl
	SP
	pHOX
	SPOS
	ANC
	a-SRAS
	TPA
	TAA
	SCr

	Hole
	No.
	%
	pH
	%
	pH
	%
	Mole H+/tonne
	%

	GG1768
	001
	<0.01
	5.5
	<0.01
	4.7
	<0.01
	N/A
	N/A
	5
	0
	<0.01

	
	002
	<0.01
	4.5
	<0.01
	4.5
	<0.01
	N/A
	N/A
	10
	6
	<0.01

	
	003
	<0.01
	4.6
	<0.01
	4.6
	<0.01
	N/A
	N/A
	7
	5
	<0.01

	
	004
	<0.01
	5.0
	<0.01
	5.0
	<0.01
	N/A
	N/A
	5
	5
	<0.01

	
	005
	<0.01
	4.7
	<0.01
	4.4
	<0.01
	N/A
	N/A
	12
	7
	<0.01

	
	006
	<0.01
	4.8
	<0.01
	4.4
	<0.01
	N/A
	N/A
	10
	7
	<0.01

	
	007
	<0.01
	5.0
	<0.01
	4.5
	<0.01
	N/A
	N/A
	10
	4
	<0.01

	
	008
	<0.01
	5.0
	<0.01
	4.4
	<0.01
	N/A
	N/A
	12
	6
	<0.01

	GG1644
	009
	<0.01
	5.5
	<0.01
	4.6
	<0.01
	N/A
	N/A
	2
	0
	<0.01

	
	010
	<0.01
	5.1
	<0.01
	4.4
	<0.01
	N/A
	N/A
	10
	4
	<0.01

	
	011
	<0.01
	5.2
	<0.01
	4.8
	<0.01
	N/A
	N/A
	4
	4
	<0.01

	
	012
	<0.01
	5.4
	<0.01
	4.3
	<0.01
	N/A
	N/A
	10
	2
	<0.01

	
	013
	<0.01
	5.4
	<0.01
	4.4
	<0.01
	N/A
	N/A
	10
	2
	<0.01

	
	014
	<0.01
	5.5
	<0.01
	4.3
	<0.01
	N/A
	N/A
	10
	2
	<0.01

	
	015
	<0.01
	5.5
	<0.01
	4.5
	<0.01
	N/A
	N/A
	7
	0
	<0.01

	GG1296
	016
	<0.01
	3.8
	0.01
	3.8
	<0.01
	N/A
	1
	92
	78
	<0.01

	
	017
	0.01
	3.7
	0.01
	3.7
	<0.01
	N/A
	4
	72
	52
	<0.01

	
	018
	0.01
	3.7
	0.01
	3.7
	<0.01
	N/A
	3
	85
	71
	<0.01

	
	019
	0.01
	4.1
	0.01
	3.9
	<0.01
	N/A
	2
	37
	31
	<0.01

	
	020
	0.01
	3.9
	0.01
	3.9
	<0.01
	N/A
	2
	56
	47
	<0.01

	
	021
	<0.01
	4.4
	0.01
	4.3
	<0.01
	N/A
	<1
	19
	12
	<0.01

	
	022
	<0.01
	4.4
	0.01
	4.4
	<0.01
	N/A
	<1
	15
	15
	<0.01

	
	023
	0.01
	4.5
	0.01
	4.4
	<0.01
	N/A
	N/A
	12
	10
	<0.01

	
	024
	0.01
	4.7
	0.01
	4.4
	<0.01
	N/A
	N/A
	17
	10
	<0.01

	
	025
	<0.01
	4.6
	0.01
	4.3
	<0.01
	N/A
	N/A
	10
	10
	<0.01

	
	026
	<0.01
	4.9
	<0.01
	4.6
	<0.01
	N/A
	N/A
	10
	5
	<0.01

	
	027
	<0.01
	4.9
	<0.01
	4.5
	<0.01
	N/A
	N/A
	10
	6
	<0.01

	NS1*
	028
	0.01
	6.4
	0.03
	5.9
	0.02
	N/A
	N/A
	0
	0
	<0.01

	NS2*
	029
	<0.01
	6.5
	<0.01
	6.5
	<0.01
	N/A
	N/A
	0
	0
	<0.01


 * Samples taken as grab samples from North Stream bed.
3. MANAGEMENT

3.1. Soil Structure

Topsoil and subsoil materials identified in the pre-mining soil survey will be stripped and stockpiled separately for reuse in the reconstructed post-mining soil profiles.  All of these soil materials are structurally stable and current mining and rehabilitation practices will be used to replace and rehabilitate these materials. Due to the restricted area of the mine site there will not be enough room to stockpile subsoils separately. This material will be used in the construction of solar drying dam walls. The material will be surveyed to ensure that the location and volume of the material is known. Once the solar drying dam has been cleaned out the subsoil will be reclaimed and returned to the soil profile.  
The overburden soils (SMMU3), which are grey clays and grey siltstone/mottled sandstone, are more susceptible to loss of soil structure through soil handling processes.  

To minimise the loss of structure and minimise the impact of any loss of structure of these soils, the following management actions will be incorporated into the mining and rehabilitation practices:

· these soils will be kept separate from the overlying subsoils and topsoils;

· where practical, the quantity of overburden soils direct returned to the mine pit will be maximised;

· if overburden soils are required to be placed within 1 metre of the final soil surface, Iluka will:
· investigate the practicality and success of ripping the surface of the overburden soils and amending with sand prior to subsoil and topsoil replacement (the objective being to provide water and root pathways to enter the overburden soil).  Also investigate whether deeper or more thorough mixing of sand into these soils could be achieved and whether or not it would be likely to be successful; and

· investigate the effectiveness of applying gypsum at rates of 10t/ha when stripping the soil to enhance the structural stability of these soils when stockpiled and when returned to the post-mining void.

3.2. Acidic Soils

The presence of acidic soils within the overburden has been identified. Where these soils are present and are close to the final surface, the overburden will be treated with fine crushed limestone. 

Each soil type which exhibits acidic properties shall be replaced to a position in the soil profile no shallower than the position they were removed from.

Based on the characterisation studies of the soils, limestone will be spread at a rate of about 20 tonnes / hectare. 

Currently the extent of the presence of acidic soils in the ore bearing soils is considered to be minimal.  As described in Sections 4 and 5 below monitoring of process water streams will be taken and if significant acidity is present within the process water streams, lime treatment units will be utilised.

4. Monitoring

Groundwater bores around the minesite will be monitored for pH levels as described in EMP-004 Water Resources Management Plan.

Regular pH monitoring will be undertaken at the point where water exits the thickener (decant water return) and where water from concentrator returns to the process water dam (overflow from the drop-out dam).

Before any surface water is discharged from site the water will be tested for pH.
5. Contingency

Provision has been made to treat water if monitoring indicates that acidity is accumulating and is likely to lead to pH levels less than 5.5.

This will be used to correct the pH of any water before it is discharged from the site (water will be treated to have pH levels between 5.5 and 9).
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Figure 1:  Gingin Geology Acid Sulfate Soils Drillhole Collars
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