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1 Introduction 

A large-scale phytocap trial was approved at the Wollert landfill on the basis of results from 5 year lysimeter trials 
(Michael, 2010) and computer modelling of long-term performance (Golder Associates, 2009) as required by EPA 
Publication 788.3: Siting, Design, Operation and Rehabilitation of Landfills: 

‘Computer models can provide an indication of the theoretical performance of a proposed design. They may 
provide an indication of the impact of adding or changing of elements of the cap design. However, the complexity 
of the behaviour of phytocaps is such that the use of a model alone is not sufficient to design a phytocap for a 
particular landfill site.’ (EPA Victoria, 2015) 
 
Use of field trials, including vegetation plots and lysimeters, are required for the purposes of cap evaluation. It is 
likely that a lysimeter trial will take a minimum of five years to provide data on the likely performance of a phytocap. 
The lysimeter trial pads must be of sufficient area to minimise edge effects and to allow techniques that will be used 
in the construction of the final cap.’ (EPA Victoria, 2015) 

The lysimeter trials were conducted using a selection of indigenous plant species and a gravel-clay-sand mixture referred 
to as ‘quarry scalpings’ which is produced as a by-product of the basalt quarry operation at the Wollert quarry directly 
adjacent to the Wollert landfill. Quarry scalpings are now in short supply, and Hanson Landfill Services would like to 
continue phytocapping at the site using alternative substrate materials including locally sourced clay overburden and 
basalt dusts. 

Clay-rich overburden is produced by excavations into native soils resulting from development or industrial activity (e.g. 
quarry excavations). The basalt plains bioregion, of which the Wollert landfill is part, are home to basalt-derived loam, 
clay-loam and alluvial soils that are prone to cracking in dry periods and being seasonally waterlogged in wet periods. Clay 
overburden has been used to cap Cell 1 at the Wollert landfill, to build a vegetation plot trial in 2008, and is accessible in 
the paddocks adjacent to the Wollert landfill for this assessment. 

Basalt dust refers to wastes produced during basalt mining and is produced as a waste product from the tertiary crushing 
of basalt rock into saleable size classes and shape. Two basalt dusts are included in this assessment: a grey-coloured basalt 
dust produced by Hanson’s Wollert quarry adjacent to the Wollert landfill derived from the mining of vesicular basalt; 
and,  a red-coloured basalt dust produced by Hanson’s Diggers Rest quarry derived from the mining of scoria. Chemical 
differences in the properties of these materials is further discussed in Section 1.2.2.3.  

1.1 Objectives 
This assessment has been undertaken to assist Mr. Roger John Parker, an EPA Victoria-appointed environmental auditor, 
to assess the likely consequences of the proposed phytocap substrate material changes on phytocap performance in 
accordance with the Vic EPA landfill BPEM. The specific aim is to determine if changing the phytocap substrate from 40mm 
quarry scalpings to either clay-rich overburden or basalt dust would positively or negatively impact phytocap 
performance.  

1.2 Scope of Works 

1.2.1 Assessment team 
This independent assessment is conducted by Dr. Ruby Michael who has worked with Hanson as an undergraduate 
research student at The University of Melbourne in 2003, as a PhD candidate at The University of Melbourne from 2004-
2006 and 2008-2010, and as the environmental compliance officer at the Wollert landfill from 2006-2008. Since 2010, 
Ruby has worked as a consultant on landfill audit teams and since 2016 as an academic in the School of Engineering and 
Built Environment at Griffith University where her principal research specialisation is phytocapping.  
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1.2.2 Assessment approach 
The assessment is derived from a multiple lines of evidence approach whereby all available sources of evidence are 
considered, including the strength and confidence of each line of evidence, to form a total judgement as to the likely 
impact of the proposed material changes. The sources of evidence used in this assessment are described below.  

1.2.2.1 Plant performance data 

In 2008, Hanson built vegetation plots of clay overburden (COB-VP) and basalt dust (BD-VP) from the adjacent Wollert 
quarry to test if these materials were suitable for growing the indigenous vegetation selected for the Wollert landfill 
phytocap. The vegetation plots were monitored concurrently with the 40mm quarry scalpings lysimeter trial on Cell 1 
which consisted of an unlined vegetation plot situated directly on waste (S-40mm-C3) and a lysimeter plot where drainage 
was collected by an underlying geomembrane (S-40mm-T3). Internal reports were prepared by Hanson comparing the 
performance of these four plots including measurement of height, survival and anecdotal information on plant condition. 

Plant Reports (Brown, 2009; Brown, 2010) 

• The July 2009 report contains data on plant survival and plant height for the trees and shrubs on the four plots 
including anecdotal information on the reasons for plant death.  

• The Feb 2010 plant report contains data on plant height for the trees and shrubs on the four plots but no 
information on plant survival. There is also anecdotal information on weed colonisation, removal and the impact 
on percolation. Given two monitoring events (July 2009 and January 2010), percentage growth is also included. 

Re-analysis of Primary Data 

• The primary data from the plant reports was supplied by Hanson, collated and re-analysed as part of this 
assessment. An additional monitoring data point for the BD-VP and the COB-VP trials was provided for 2011 that 
was not part of the original plant reports but was not monitored for S-40mm-T3 and S-40mm-C3.  

Photographs of current vegetation plot condition 

• The vegetation plots (COB-VP and BD-VP) and lysimeter trials (S-40mm-T3 and S-40mm-C3) are intact and 
available for inspection in 2018, although they have not been formally monitored and reported on since 2010. 
Photos of the COB-VP and BD-VP vegetation plots were supplied by Golder Associates as part of this assessment.  

Aerial photographs 

• Aerial photographs of the Wollert landfill are conducted bi-annually. Photographs from 2011-2018 were 
provided by Hanson and used in this assessment to compare vegetation cover on COB-VP, BD-VP, S-40mm-T3 
and S-40mm-C3 post 2010. 

1.2.2.2 Physical soil testing 

Geotechnical soil testing was undertaken by Melbourne Geotechnical Laboratories in November 2018 on the vegetation 
plots including: particle size distribution by AS1289.3.6.1 and soil type by AS1726: 2017 for BD-VP and COB-VP. The dry 
density moisture relationship was also determined for COB-VP (not BD-VP) by standard compaction AS1289.5.1.1-2017. 
Laboratory certificates for the physical soil testing are presented in Appendix 3 – Physical Soil Testing. 

Additionally, particle size distributions for the 40mm quarry scalpings from the construction of Cell 3 phytocap (S-40mm-
PC) in 2015 were provided and are available within the construction report outlined in Section 1.2.2.5. A range of physical 
soil testing was also available as reported in Michael (2010). Physical samples are described below: 
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Clay overburden (COB) 

• Clay-rich overburden from vegetation plot (COB-VP) – 2 samples for PSD 
• Clay-rich overburden from vegetation plot (COB-VP) – 1 sample for dry density moisture content relationship, 

liquid limit 

Basalt dust (BD) 

• Basalt dust from vegetation plot (COB-VP) – 2 samples for PSD 

Quarry Scalpings (S) 

• 40mm quarry scalpings from Cell 3 phytocap (S-40mm-PC) – 3 samples for PSD (2015) 
• 20mm quarry scalpings testing in Michael (2010) 
• 40mm quarry scalpings testing in Michael (2003) 

 

1.2.2.3 Chemical soil testing 

Agronomic testing was undertaken by ALS Environmental Laboratories in November 2018. The results of these tests 
enable the characteristics of the quarry scalpings (S) to be compared with the clay-rich overburden (COB) and basalt dust 
(BD) being considered. Samples are described below and laboratory certificates are presented in Appendix 4 – Chemical 
soil testing.  

Clay overburden (COB) 

Clay-rich overburden was used to construct one of the vegetation plots in 2008. The adjacent paddocks to the landfill 
were also sampled as representative of the surrounding native soils: 

• Clay-rich overburden from vegetation plot (COB-VP) – 2 samples 
• Clay-rich overburden from adjacent paddock (COB-PDK) – 1 sample  

Basalt dust (BD) 

Basalt dust sourced from the adjacent Wollert quarry (WQ) was used to construct the other vegetation plot in 2008. 
Additionally, basalt dust sourced from the Diggers Rest quarry (DRQ) is stockpiled* on-site at Wollert.  

• Basalt dust from vegetation plot (BD-WQ-VP) – 2 samples  
• Basalt dust from diggers rest quarry (BD-DRQ*) – 2 samples from on-site stockpile 

Quarry scalpings (S) 

40 mm quarry scalpings was sampled from Cell 3 phytocap to establish a baseline for comparison.  

• 40mm quarry scalpings from Cell 3 phytocap (S-PC-40mm) – 1 sample  

Additionally, past agronomic testing of the 20mm and 40mm scalpings stockpiles* in April 2004 were available for this 
assessment: 

• 40mm quarry scalpings from on-site historic stockpile (S-40mm*) – 1 sample 
• 20mm quarry scalpings from conical production stockpile (S-40mm*) – 1 sample  
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1.2.2.4 Consulting reports 

Background Information about the Phytocap Trials at Hanson Wollert Landfill (Bateman Brothers Consulting, 2016) 

A report prepared by Bateman Brothers Consulting (2016) outlining the history of the Wollert Phytocap trials was made 
available for this assessment. This report outlines first discussions with Vic EPA in 2003 and the field trials and modelling 
that lead to approval to conduct a large-scale phytocap trial. This included: 

• lysimeter trials on 20mm quarry scalpings (S-20mm-T1 and S-20mm-T2) – 2004-2009 
• lysimeter trials on 40mm quarry scalpings (T3)  
• long-term performance modelling conducted by Golder Associates (2009).  

Attached within this report is the conditional approval by EPA (30 March, 2010) to undertake the large-scale trial subject 
to the following conditions:  

1. The thickness of the vegetated cover must be greater than 1.5m (a thickness of 1.7m is preferred) 
2. The maximum size of the scalps (rock fragments) must be 20mm.  
3. A full scale monitoring programme must be implemented to monitor performance of the landfill cover; and  
4. The monitoring data must be collected for a minimum of 5 years.  

The large-scale phytocap trial over Cell 3 comprised of quarry scalpings and consisted of 6 trial planting areas. 

Assessing Vegetated Scalps Landfill Cap Performance Using Numerical Modelling (Golder Associates, 2009) 

The long-term phytocap performance modelling report prepared by Golder Associates (2009) as part of the approval for 
the large-scale phytocap trial was provided. This report was based on the results of 5-year lysimeter trials conducted on 
20mm quarry scalpings (Michael, 2010) with the main conclusion being: 

“a cover comprising 1.2m thick 20mm scalps and where vegetation had been adequately established 
and is sustained, that percolation rates through the scalps would be lower compared to design 
percolation rates through an EPA BPEM cap comprising a compacted clay liner”. 

Wollert Phytocap Field Trials Long-term Water Balance Prediction (Tonkin Consulting, 2016) 

As part of the EPA conditions listed above, Tonkin Consulting was engaged in 2015 to assess the performance of the 
large-scale phytocap trial constructed of 40mm quarry scalpings. Of the 6 trial planting areas, Site 1 (grass only) and Site 
5 (grasses, trees and shrubs) were selected by Hanson to assess the performance of the trial and the report prepared by 
Tonkin Consulting (2016) was made available for this assessment.  

Main conclusions of relevance to this assessment include: 
 

“use of native trees, shrubs and grasses is likely to result in a final cap which meets the Landfill 
BPEM drainage criteria; and the performance is likely to improve as the vegetation reaches canopy 
closure [canopy closure had not been reached at the time of this assessment]”. 

 
• At Site 1 [grass only], 75% of years were predicted to generate drainage in excess of the BPEM limit (0.3 mm/yr) 

• At Site 5 [grasses, shrubs and trees], almost 75% of years were predicted to generate drainage less than BPEM 
limit (0.3 mm/yr) 

 



 

Assessment of substrate change for Wollert landfill phytocap – December 2018 7 

1.2.2.5 Construction documents 

Construction documentation for the Cell 3 large-scale phytocap trial including the technical specification and construction 
report were made available for this assessment.  

• Construction Report (Golder Associates, 2011) 

• Technical Specification (Golder Associates, 2010) 

1.2.2.6 Research reports 

Hanson Landfill Services undertook phytocapping research in collaboration with The University of Melbourne from 2003-
2010 supporting an undergraduate thesis (Michael, 2003) and a PhD program (Michael, 2010). This research contains 
physical and agronomic testing of the quarry scalpings and quarry dust, details of the plant selection, field trials including 
performance monitoring and evaluation. Information in these documents, and expert opinion gained through undertaking 
this body of work over 7 years, was used in this assessment.  

1.2.2.7 Published literature 

The body of literature on phytocapping and the relevant fields of soil science and ecology was consulted as required.  

1.2.3 Assumptions 

• It is assumed that the suitability of the quarry scalpings as a phytocap substrate within the climate and conditions 
of the Wollert landfill has been established (Golder Associates, 2009; Michael, 2010; Tonkin Consulting, 2016). 
This assessment therefore considers the relative impact of changing the material from quarry scalpings to 
another substrate.  

• The substrate candidates under consideration in this assessment are clay overburden assumed to be sourced 
from the surrounding basalt plains bioregion; and quarry dust assumed to be sourced locally from the Wollert 
quarry or the Diggers Rest quarry.  

• The vegetation plots outlined in Section 1.2.2.1 are assumed to be representative of the clay overburden and 
basalt dust from the Wollert quarry and the long-term vegetation performance on these substrates. 

• The samples taken for physical and chemical characterisation of the range of materials considered in this 
assessment are assumed to be representative of these materials as outlined in Sections 1.2.2.2 and 1.2.2.3. 

• In particular, the samples of quarry scalpings taken from Cell 3 large-scale phytocap trial are used as a baseline 
for the relative assessment of other substrate candidates as outlined in Section 1.2.2.3. 

• Site 5 of the Cell 3 large-scale phytocap trial is assumed on the basis of the report conducted by Tonkin Consulting 
(2016) to meet the requirements of the Landfill BPEM as outlined in Section 1.2.2.4. 
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2 Assessment  

2.1 Introduction 

2.1.1 Field trials  
Field trials such as lysimeters and vegetation plots provide valuable information to support a case for a landfill phytocap 
at a site. They have the advantage of allowing total performance incorporating many complex substrate, plant and climate 
factors to be ascertained directly and the disadvantage of taking long periods of time (often 3-5 years) subject to the 
vagaries of the trial conditions i.e. construction methods, plant differences, and weather under which they are tested.  

Lysimeter trials enable the quantification of the water balance and are underlain by a geosynthetic liner to capture 
drainage. Lysimeters are expensive and complex and only 1-2 are usually constructed per site to represent the proposed 
final design. Disadvantages of lysimeters include their inability to test multiple design configurations or adapt the design 
configuration during monitoring. There are also challenges associated with representing large-scale construction methods 
in a lysimeter and it is easy to introduce experimental artefacts by including a geosynthethic barrier between the landfill 
cap profile and the landfill.  

Vegetation plots also emulate the designed landfill cap but are not underlain by a geosynthetic liner for collecting 
drainage. They are relatively simpler and less expensive to construct, enabling multiple design configurations of soil and 
plant types to be tested. Unlined vegetation plots are commonly used to demonstrate plants will grow and survive in the 
selected substrate/s and are either tested on or off the landfill site.  

2.1.2 Importance of the plants in the Wollert landfill phytocap  
Phytocaps are not barrier caps, they do not attempt to block rainfall from entering the landfill by creating an impermeable 
layer of material. Instead they rely on the capacity of the phytocap substrate to store water and the ability of plants to 
remove the stored water via transpiration, to hydraulically prevent the ingress of water into the landfill. Plant 
transpiration (together with evaporation) typically account for > 60% of rainfall (Apiwantragoon et al., 2015), meaning 
that these factors combined do most of the work in terms of phytocap function. This is particularly true for the quarry 
scalpings which do not store much water (only 3% of rainfall).  

However despite storing little water, the quarry scalpings substrate has been shown to continue to dry out over 
subsequent year. This is because the overall system is water limiting and the drought tolerant plant community will use 
what water available to them: surviving through drought periods and being opportunistic in times of relative water plenty. 

2.1.3 Quarry scalpings as the baseline substrate 
The quarry scalpings were not always considered the ideal phytocap substrate due to having a high gravel content, low 
organic matter, low nitrogen and low phosphorus and being alkaline. However, a range of field trials demonstrated that 
a carefully selected range of indigenous and native vegetation adapted to the particular characteristics of the quarry 
scalpings could grow, survive and perform functionally over the long-term as a landfill phytocap.  

These included initial trials on the 20mm quarry scalpings (S-20mm-T1, S-20mm-T2, S-20mm-C1 and S-20mm-C2) and 
later on the 40mm quarry scalpings (S-40mm-T3 and S-40mm-C3) and recently on the large-scale phytocap trial covering 
Cell 3. 
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2.2 Assessment of lines of evidence 
As described in Section 1.2.2, lines of evidence include information from decade long field, supplemented by chemical 
and physical analysis, current photographs, bi-annual aerial photographs and information contained in relevant 
construction documents, consulting reports, research reports and the body of literature.  

2.2.1 Plant performance data (2008-2018) 

2.2.1.1 Plant Reports 

Trial conditions 

• S-40mm-T3 and S-40mm-C3 lysimeter trials were planted in May 2008, prior to winter. Clay over burden (COB-
VP) and quarry dust vegetation plots (BD-VP) were planted in October 2008, mid-spring, with a shorter time to 
establish before the drought stresses of summer.  

• The first plant report in September 2009 (11 months after BD-VP and COB-VP were planted and 16 months after 
S-40mm-T3 and S-40mm-C3 were planted), and after two of the driest months since the Wollert landfill opened 
which reportedly led to slower growth.  

• The tubestock on S-40mm-T3 and S-40mm-C3 had an extra 5 months establishment compared with COB-VP and 
BD-VP, albeit through the colder months when growth is slower.  

• Therefore, comparisons in plant growth between S-40mm-T3 and S-C3 (40mm quarry scalpings) and the material 
change represented by COB-VP and BD-VP (candidate materials for the Wollert phytocap) can be considered 
conservative.  

• The weather conditions were also unfavourable during early establishment, the plant survival data for all 
vegetation plots can be considered conservative/realistic, rather than favourable.  

Focus on trees not shrubs or grasses 

• Trees are given the most consideration as they represent the most substantial and discernable growth and 
impact on phytocap performance. Shrubs were small throughout the monitoring period. Grasses were not 
monitored or reported on in terms of height.  

• Of the trees, the Acacia, Allocasuarina and Eucalypt species have been permanent fixtures in the Wollert landfill 
phytocap plant community since the earliest trials. For that reason, these tree species are the focus of 
comparison.  

Percentage growth rates unreliable 

• Percentage growth rates from July 09 – Jan 10 can be misleading as smaller plants may grow faster than larger 
plants due to less competition for resources (water and nutrients). For example, S-40mm-C3 had the highest 
percentage growth rate across most species during the period July 09-Jan 10. S-40mm-C3 is the only vegetation 
plot exposed to landfill factors which include increased temperature and potentially landfill gas fluctuations and 
ingress of moisture vapour from the landfill upward.  

• Based on the absolute height data, the increased percentage growth on S-40mm-C3 is likely related to having 
the smallest plants coming into the monitoring period which could be the result of earlier exposure to landfill 
factors. It is better to look at the absolute heights, and the footprint area of growth. In this case the latter is not 
available. 
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Comparison of absolute growth rates – Acacia, Allocasuarina and Eucalypt tree species 

Despite a 5-month headstart on S-40mm-T3 and S-40mm-C3 compared with COB-VP and BD-VP: 

• Acacia species were taller in COB-VP and BD-VP compared with S-40mm-T3 and S-40mm-C3 at the beginning and 
end of the monitoring period.  

• Allocasuarina species performed better in BD-VP and COB-VP compared with S-40mm-T3 and S-40mm-C3. The 
majority of Allocasuarina species died on S-40mm-T3 and S-40mm-C3 during the dry spell, although they had 
performed well in earlier phytocap trials (S-20mm-T1, S-20mm-T2, S-20mm-C1, S-20mm-C2).  

• All Eucalyptus species performed consistently better on BD-VP than the other three plots. The Eucalyptus species 
on COB-VP performed to a comparable degree to S-40mm-T3 and S-40mm-C3: better than S-40mm-C3 in all 
cases, or about the same or worse than S-40mm-T3.  

Tree survival – Acacia, Allocasuarina and Eucalypt tree species 

Plant survival rates were available for December 2008 and July 2009. There were a couple of unexplained instances where 
survival went up for species over these two monitoring periods, suggesting measurement error or that plants previously 
assumed dead came back to life (the latter is plausible given the drought tolerance and adaptability of the selected 
species). The survival data has been re-analysed below to consider the July 2009 monitoring period only as the more 
accurate (longer) time period over which to consider survival through early establishment.  

Shrub survival – 10 species of shrub 

Ten species of shrubs were planted at the same time October 2008 for BD-VP, COB-VP and S-40mm-C3. They were limited 
to only two replicates per species, and as they remained small throughout the monitoring period, are not considered to 
have a big impact on phytocap performance or the results of this material comparison. The survival data has been re-
analysed for the ten species overall for shrub survival. 

Grass survival – limited to anecdotal comments 

Grasses were not monitored in terms of growth (height) or survival and therefore assessment of their performance is 
limited. A comment in the 2009 Plant report indicated BD-VP grasses were doing well in early establishment.  

“A majority of all species have survived on the dust experiment.” – 2009 Plant Report comment 

Weed colonisation – limited to anecdotal comments 

The 2009 Plant Report indicated some problems with weeds on S-40mm-T3 and COB-VP, that the dust only grew weeds 
after significant rain and that the weeds were negatively affected on S-40mm-C3 (likely due to landfill gas effects). It was 
noted that many weeds on COB-VP died off in the drought conditions, but then regrew. There were also significant 
infestations of particular weeds on S-40mm-T3. Weeds were also mentioned briefly in the 2010 Plant Report, generally 
indicating ongoing weeds on COB-VP. 

 

2.2.1.2 Re-analysis of primary plant performance data 

This analysis is focussed on tree species, particularly three groups of trees that have been consistently used in phytocap 
trials since 2004: Acacias, Allocasuarinas and Eucalypts. These species characterise the canopy and overall character of 
the Wollert landfill phytocaps including the current large-scale trial on Cell 3, Site 5.  

The  eight (8) specific species are listed below: 
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• Acacias (3) – Acacia mearnsii (Black wattle), Acacia pycnantha (Golden wattle) and Acacia implexa (Silver wattle) 

• Allocasuarinas (2) – Allocasuarina verticillata (Drooping She-oak) and Allocasuarina littoralis (Black She-oak) 

• Eucalypts (3) – Eucalyptus camaldulensis (River Red Gum), Eucalyptus cladocalyx (Sugar Gum) and Eucalyptus  
melliodora (Yellow Box) 

Tree survival data re-analysed 

The July 2009 survival monitoring event represents about 14 months of establishment for the lysimeter trials (S-40mm-
T3 and S-40mm-C3) and about 9 months establishment for the vegetation plots (COB-VP and BD-VP). A comparison of 
survival through this early establishment phase on the four trial plots is presented in Figure 1. 

 

Figure 1 - Comparison of tree survival rates through early establishment (9 – 14 months) from May 2008 or October 
2008 until July 2009 for Acacias (3 species), Allocasuarinas (2 species), Eucalypts (3 species) and overall (all 8 species) 
for the 40mm quarry scalpings lysimeter trials (S-40mm-T3 and S-40mm-C3) and the vegetation plots of basalt dust and 
clay-rich overburden (BD-VP and COB-VP) 

• Acacia species survived better on the BD-VP plot compared with other plots. Survival on COB-VP was similar to 
S-40mm-C3 and better than S-40mm-C3 (likely due to landfill gas effects).  

• Allocasuarina species also survived better in BD-VP compared with other plots. Survival on COB-VP was similar 
to survival on S-40mm-T3 and S-40mm-C3.  

• Eucalyptus species also survived better on BD-VP compared with other plots. Survival on COB-VP was similar to 
survival on S-40mm-C3 which were interestingly both better than survival on S-40mm-T3. The selected Eucalypt 
species were chosen because of their ability to withstand periodic landfill gas flooding.   

“The [Eucalyptus camaldulensis] plants on the Dust trial had particularly dense foliage and were 
in excellent health.” 2009 Plant Report comment 

“Deaths of [Eucalyptus melliodora] have occurred this year on T3, C3 and the Overburden trials, 
but not on the Dust trial” 2009 Plant Report comment 
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• Overall, survival of the tree species including 3 species of Acacia, 2 species of Allocasuarina and 3 species of 
Eucalypt were consistently better on basalt dust (BD-VP) compared with the other plots. The survival on the clay-
rich overburden (COB-VP) was comparable to the survival on the 40mm quarry scalpings lysimeter trials. 

Shrub survival data re-analysed 

Survival rates for the first 9 months of plant establishment across the 40mm quarry scalpings lysimeter trials (S-40mm-
C3) and the vegetation plots of basalt dust and clay-rich overburden (BD-VP and COB-VP) is presented in Figure 2 . These 
trial plots were planted at the same time with ten species of shrubs with two replicates.  

 

Figure 2 - Comparison of mean shrub survival rates (10 species) through first 9 months of early establishment from 
October 2008 to July 2009 for the 40mm quarry scalpings lysimeter trials (S-40mm-C3) and the vegetation plots of 
basalt dust and clay-rich overburden (BD-VP and COB-VP) 

• Overall, survival of the shrub species was somewhat better on the clay-rich overburden (COB-VP), which was 
somewhat better than the survival on S-40mm-C3. Relatively poorer performance on S-40mm-C3 could be due 
to landfill gas effects.   

• Overall, shrub survival is considered comparable for the three trial plots of different material types, although the 
comparison would have been strengthened if S-40mm-T3 was also planted with shrubs. Tree growth data re-
analysed 

Tree growth data re-analysed 

Mean height data for the eight tree species is presented below. Figure 3 shows that despite a 5-month head-start the 
basalt dust and clay overburden vegetation plots (COB-VP and BD-VP) performed better than the lysimeter trials (S-40mm-
T3 and S-40mm-C3) through the first year of plant establishment. Figure 4 shows this growth continued through the first 
three years, over which the vegetation plots were monitored. Graphs for individual plant families (Acacias, Allocasuarinas 
and Eucalypts) are presented in Appendix 1 – Tree performance by plant family.  
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Figure 3 – Comparison of tree height (m) for lysimeter trials (S-40mm-T3 and S-40mm-C3) and clay overburden and 
basalt dust vegetation plots (COB-VP and BD-VP) through the first year of plant establishment. Lysimeter trials were 
planted in May 08 and vegetation plots in October 2008, and monitored until January 2010 (a period of 15-20 months) 

 

Figure 4 – Comparison of tree height (m) for lysimeter trials (S-40mm-T3 and S-40mm-C3) and clay overburden and 
basalt dust vegetation plots (COB-VP and BD-VP). Extended data is presented for COB-VP and BD-VP) planted in 
October 2008 with monitoring completed in August 2011 (close to 3 years). 

2.2.1.3 Photographs of current vegetation plot condition  

The vegetation plots built in 2008 are now (in 2018) a decade old. Due to the age of the trials it is expected that the roots 
of the trees have potentially reached through the original 1.5m thickness and into the native soils and the vegetation 
community would have incurred some natural death due to competition. Nonetheless, they demonstrate the longevity 
of the vegetation communities and reflect a similar visual character to the Cell 3 large-scale trial, Site 5.  
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The clay overburden vegetation plot (COB-VP) shows mature Eucalypt, Allocasuarina and Acacia species (Figure 5). There 
are also a couple of dead Acacia species as is characteristic of the succession of this plant community. Acacias species are 
generally shorter-lived and were planted to add more nitrogen to the nitrogen poor quarry scalpings through the early 
years of plant establishment. The colonisation of pasture grasses is evident on the batters.  

 

Figure 5 – Clay overburden vegetation plot (COB-VP) planted in 2008. Photo taken one decade later in October 2018.  

The basalt dust vegetation plot (BD-VP) shows mature Eucalypt species and a couple of dead Acacia species (Figure 6 as 
is characteristic of the succession of this plant community. The photo also indicates the pasture grasses have not colonised 
the batter slopes of BD-VP.  

 

Figure 6 – Basalt dust vegetation plot (BD-VP) planted in 2008. Photo taken one decade later in October 2018.  
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2.2.1.4 Aerial photographs 2011-2018 

• A comparison of bi-annual aerial photographs between the 40mm quarry scalpings lysimeter trials and the basalt 
dust and clay overburden vegetation plots is given in Appendix 2 – Aerial photographs 2011-2018. The trial plots 
remain consistent in their cover over this period with no discernable differences in plant cover or growth since 
2011. Any differences likely occur between 2008-2010 over the time the trials were establishing and being 
monitored and reported on.  

 

2.2.1.5 Summary of plant performance comparisons  

Comparing the clay overburden samples (COB-VP and COB-PDK) with the 40mm quarry scalpings (S-40mm-PC) 

• comparable: tree height and survival, shrub survival  

• poorer: weed infestation 

• likely comparable: grass growth and performance. Currently little information available. Weed infestation would 
need to be managed.  

 

Comparing the basalt dust from the Wollert quarry with the 40mm quarry scalpings: 

• comparable: tree growth and survival, shrub survival 

• comparable or better: weed infestation. Could be considered as a top-dressing in a multi-layer phytocap design 
to minimise weed growth and the negative impacts weed growth has on tree growth and survival.  

 

Comparing the basalt dust from the Diggers Rest Quarry with the 40mm quarry scalpings in terms of plant performance.  

• Likely poorer: There is no information on plant performance or physical testing of this material i.e. assessment is 
based on chemical analysis presented in Section 1.2.2.3. 

 

2.2.2 Physical soil testing 

Cell 3 Phytocap – clayey-sandy-GRAVEL 

The 40mm quarry scalpings is a consistent quarry derived product consisting of about 57% gravel, 27% sand, 15-16% silt 
and clay fines fraction. Three samples were taken from the Cell 3 Phytocap classified as a clayey-sandy-GRAVEL. 

Clay-rich overburden – sandy-CLAY 

Clay overburden is expected to vary more widely as likely derived from multiple sources. This clay-overburden was 
stripped as part of operations at the Wollert quarry and exhibits typical plasticity, 13.5% linear shrinkage and cracking 
behaviour. Of the two samples taken from the vegetation plot, one was classified as a CLAY consisting of of 24% gravel, 
28% sand and 48% silt and clay fines and the other as a sandy-CLAY consisting of about 27% gravel, 31% sand and 42% silt 
and clay fines (silt and clay was not determined).  

Basalt dusts – gravelly-clayey-SAND 

Basalt dusts are consistent quarry derived products consisting of 33% gravel, 52% sand and 15-16% silt and clay low-
plasticity fines. Two samples were taken from the basalt dust vegetation plot classified as a gravelly-clayey-SAND.  
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Table 1 – Comparison of particle size distributions between substrate categories  
Substrate Fines < 75µm Sand Gravel 
40mm quarry scalpings 16% 27% 57% 
Clay over-burdens 42% 31% 27% 
Basalt dusts 16% 52% 33% 

 
The clay over-burden is similar to the 40mm quarry scalpings in terms of the proportion of sand (both about 30%) while 
the clay fraction is a bit over double and the gravel fraction is about half (Table 1). 

The basalt dusts are very similar to the quarry scalpings in terms of their proportion of fine < 75 µm silt and clay sized 
particles and still contain a fair proportion of gravel (about one third). The 40mm quarry scalpings has the same amount 
of gravel as the basalt dusts does sand, and vice versa, while the fines component is much the same, although this has 
not been further segregated into clay and silt sized particles.  

 

2.2.3 Chemical soil testing 
Comparing the agronomic characteristics of the 40mm quarry scalpings (S-40mm-PC), clay-rich overburden (COB-VP and 
COB-PDK) and basalt dust (BD-VP and BD-DRQ*) samples in Table 1: 

• pH is slightly acidic-slightly alkaline across all samples  

• Moisture content is dry for the basalt dusts (3.6% for WG and <1% for DRQ) but particularly for the Diggers Rest 
Quarry basalt dust. This could be due to poor sampling technique (sampling from the surface of the stockpile 
rather than benching in). If it is representative, then the sample (<1% moisture content) indicates the substrate 
could be moisture wicking which could negatively impact plant tissues and survival. This is plausible as the basalt 
dust from Diggers Rest Quarry is derived from scoria with a higher proportion of cavities than vesicular basalt.  

• Cation exchange capacity (CEC). The CEC is the total amount of major cations available within the substrates and 
are consistent with the amount of clay in the samples. According to quarry scalpings is classified moderate CEC, 
the clay overburden has a high (vegetation plot) to very high CEC (adjacent paddock) and the basalt dusts have 
low (Wollert Quarry) to very low (Diggers Rest Quarry) CEC (Figure 7). 

• Ratios of major cations are similar across all samples, likely as they are all derived from basalt. The scalps 
contains both clay overburden and a range of basalt size classes including basalt dusts.  

• Micronutrients are comparable across the samples for the most part. 

• Total nitrogen for the 40mm quarry scalpings is low but comparable to COB-VP and BD-VP. The BD-DRQ is very 
low (non-detectable). The paddock sample is very high, indicating excessive application of fertiliser or effluent 
and is discounted from consideration.  

• Nitrate as a plant available form is highly variable across the samples (this measure is sensitive to timing of 
sampling and storage). Compared with the quarry scalpings the basalt dusts had higher nitrate levels. 

• Phosphorus (Corwell) is comparably low across all samples, especially comparable for the 40mm quarry scalpings 
and COB-VP, BD-VP and BD-DRQ. Total phosphorus surprisingly is lower for the clay overburden samples (COB-
VP and COB-PDK) 

• Organic matter. The quarry derived products including the 40mm quarry scalpings and the dusts (BD-VP and BD-
DRQ*), have extremely low organic matter typical of subsoils or severely eroded, degraded surface soils. The clay 
overburden samples (COB-VP and COB-PDK) have moderate to high organic matter.  
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Figure 7 – Comparison of exchangeable cations (Ca2+, Mg2+, K+ and Na+) including the total CEC (cation exchange 
capacity) across all samples tested.  

 

2.2.3.1 Summary of agronomic comparisons  
 

Comparing the clay overburden samples (COB-VP and COB-PDK) with the 40mm quarry scalpings (S-40mm-PC) 

• comparable: pH, micronutrients, phosphorus and organic matter, total nitrogen (COB-VP only) 

• poorer: total phosphorus somewhat lower, nitrate low for (COB-VP) and excessively high (COB-PDK)  

• better: organic matter, CEC (about double) 

Comparing the basalt dust from the Wollert quarry with the 40mm quarry scalpings: 

• comparable: pH, micronutrients, total nitrogen, phosphorus and organic matter.  
• poorer: CEC (about half) 
• better: nitrate 

Comparing the basalt dust from the Diggers Rest Quarry with the 40mm quarry scalpings: 

• comparable: pH, phosphorus and some micronutrients (manganese and zinc) 
• poorer: CEC (about a quarter), much lower micro-nutrients (copper and iron), very low total nitrogen, sample 

was also very dry (<1%) which could be a sampling artefact or indicate moisture wicking as derived from scoria 
which could dry plant tissues. 

• better: nitrate 
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Table 2 – Agronomic soil testing for quarry scalpings (S), clay overburden (COB) and basaltic dust (BD) from: Phytocap (PC), vegetation plots (VP), paddock (PDK) and stockpiles (*). 
DRQ is basalt dust from the Diggers Rest Quarry. BD-VP contains basalt dust from the Wollert Quarry. Variables of interest or discrepancies are highlighted.  

Sub-Matrix: SOIL (Matrix: SOIL) 
 

S-40mm-PC S-20mm* S-40mm* COB-VP COB-PDK BD-VP BD-DRQ*  Assessment relative to S-40mm-PC   
22/8/18  01/04/04 01/04/04 01/11/18 22/8/18  01/11/18 

 
 All similar dates except S-20mm and S-40mm from 2004 

pH (CaCl2) pH Unit 6.7 8.0 8.5 7.7 5.5 6.9 7.7  Comparable 

Moisture Content (@105-110°C) % 12.0   10.5 16.4 3.55 <1.0  BD dry, especially BD-DRQ 
Exchangeable Calcium  meq/100g 6.4 3.1 4.9 11.3 25.3 2.25 0.7  BD-DRQ low 
Exchangeable Magnesium meq/100g 8.7 9.5 14.0 14.6 33.5 3.5 0.75  BD low, especially BD-DRQ 
Exchangeable Potassium meq/100g 0.7 0.4 0.8 1.8 1.4 0.5 <0.1  BD-WQ comparable, BD-DRQ low 
Exchangeable Sodium meq/100g <0.2 1.0 3.0 2.3 3.2 0.3 <0.1  Comparable 
Cation Exchange Capacity meq/100g 15.8 14.0 23.0 29.9 63.4 6.4 1.6  COB > S > BD-WQ > BD-DRQ 
Exchangeable Sodium Percent % <0.2 7.0 13.0 7.3 5.0 4.5 <0.1  COB and S are sodic except S-40mm-PC 
Exchangeable Aluminium meq/100g  0.1 <0.1    <0.1  Not all tested. Those tested comparable 
Calcium/Magnesium Ratio - 0.7 0.4 0.4 0.8 0.8 0.7 0.9  Comparable. Non-issue 
Magnesium/Potassium Ratio - 12.2 25.0 17.3 8.8 24.1 8.2   Comparable. BD-DRQ unable to be determined 
Bicarbonate Extractable K  

 
272 150 320 509 <200 292 <200  Comparable except COB-PDK and BD-DRQ 

Chloride  mg/kg <10   25 20 20 45  Comparably low 
Copper  mg/kg 1.8   1.4 1.9 1.3 <1.0  Comparably high except BD-DRQ is low 
Iron  mg/kg 35.0   23.6 221 27.4 7.1  Comparably high except BD-DRQ is moderate 
Manganese  mg/kg 2.9   2.6 <1.0 3.75 2.95  Comparable except COB-PDK = low. Non-issue 
Zinc  mg/kg <1.0   <1.0 <1.0 <1.0 <1.0  Comparable 
Ammonia as N Ammonia as N  mg/kg <20   <20 <20 <20 <20  Comparable 
Nitrite as N  mg/kg <0.1   0.2 24.7 0.9 <0.1  Comparable except COB-PDK = v high. Non-issue 

Nitrate as N  mg/kg 1.8   0.4 39.1 5.8 13.1  Variable. COB-PDK v high, BD-DRQ high 
Nitrite plus Nitrate as N (NOx) mg/kg 1.8   0.5 63.8 6.3 13.1  Variable. COB-PDK v high, BD-DRQ high 
Total Kjeldahl Nitrogen  mg/kg 120   160 1580 130 <20  COB-VP and BD-WQ comparable. BD-DRQ v low. 
Total Nitrogen as N (TKN + NOx)^  mg/kg 120   160 1640 135 <20  COB-VP and BD-WQ comparable. BD-DRQ v low. 
Total Phosphorus  mg/kg 914   401 179 964 745  S and BD > COB 
Extractable Phosphorus (Colwell)  mg/kg % 6.0 4 4 11 <5 6 8  Comparably low 
Organic Matter % <0.5   3.2 2.3 0.8 <0.5  Quarry products extrem. low. COB moderate-high 
Total Organic Carbon % <0.5 0.3 0.2 1.9 1.4 <0.5 <0.5  COB > S and BD, S and BD very low 
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3 Conclusions 

Past lysimeter trials at Wollert have demonstrated that a relatively low water holding capacity substrate such as quarry 
scalpings can adequately perform as a landfill phytocap under the local climate conditions given adequate growth and survival 
of an appropriately selected community of native plant species. This is partly because the climate is favourable and partly 
because the drought-tolerant plant species are able to survive dry conditions and be opportunistic in using water when it is 
available. As the climate conditions at Wollert remain the same irrespective of the substrate, this assessment has focussed on 
the impact a substrate change (from quarry scalpings to clay-rich overburden or basalt dust) would have on the growth and 
survival of the phytocap plant community.  

Multiple lines of evidence available on plant performance including: field trials, plant monitoring reports, primary plant 
performance data, current site photographs, aerial photographs and professional knowledge of the selected plant species, 
have indicated to me: 

• The clay-rich overburden will have similar performance to the 40mm quarry scalpings if weed infestation is managed 
and phytocap placement is appropriately specified and executed during construction.  

o Phytocap substrate placement trials are recommended and mixing of the clay-overburden with basalt dust 
from the Wollert quarry may have advantages.  

o The clay-rich overburden is likely to be more variable than the consistent quarry products and derived from 
multiple sources. Preferably the clay is derived from basalt and practical quality assurance processes are 
implemented to identify and select appropriate sources of clay-rich overburden. 

o A percentage of sand and gravel within the clay overburden is acceptable and likely beneficial.  

o It’s important to note that exotic grasses colonise the banks of the clay overburden trials which may present 
some challenges for indigenous grass establishment that will need to be considered as part of the design.  

• The basalt dust from the Wollert quarry will have comparable or superior performance to the 40mm quarry scalpings.  

o Long-term vegetation plot trials have indicated consistent superior performance of the tree species on the 
vegetation plot comprised of basalt dust from the Wollert quarry. 

o The basalt dust from the Wollert quarry is low in organic matter (as are the quarry scalpings) and could 
potentially benefit from mixing with clay overburden as mentioned above, but trials indicate that the Wollert 
quarry basalt dust itself is sufficient to sustain long-term plant growth.  

• The basalt dust from the Diggers Rest quarry is likely to have inferior performance to the 40mm quarry scalpings.  

o Diggers Rest basalt dust has poorer agronomic qualities than quarry scalpings and Wollert quarry basalt dust 
across a number of parameters including lower levels of micro-nutrients and exchangeable cations.  

o Vegetation trials would increase the confidence of using Diggers Rest quarry basalt dust and are 
recommended if this material is to be pursued further as a phytocap substrate.  

o Trials could include Diggers Rest quarry basalt dust incorporated into clay overburden as some parameters 
are complementary i.e. the clay overburden has high exchangeable cations, high organic matter while the 
Diggers rest basalt dust is low in these. Conversely, the Diggers rest quarry basalt dust has higher amounts 
of phosphorus and nitrate.  

o It could also be trialled as a means to improve the workability of clay overburden sources that have low 
amounts of gravel or sand to assist with achieving the lower compaction densities required of a phytocap. 
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Appendix 1 – Tree performance by plant family 

 
Figure 8 - Comparative 
plant height for Acacias   
on 40mm quarry scalpings 
lysimeter trials (S-40mm-T3 
and S-40mm-C3) and  
basalt dust and clay-rich 
overburden vegetation 
plots (BD-VP and COB-VP) 
from May 2008 – Jan 2010 

 

 

 

 
Figure 9 - Comparative 
plant height data for 
Allocasuarinas on 40mm 
quarry scalpings lysimeter 
trials (S-40mm-T3 and S-
40mm-C3) and basalt dust 
and clay-rich overburden 
vegetation plots (BD-VP 
and COB-VP) from May 
2008 – Jan 2010.   

 

 

 
 
Figure 10 - Comparative 
plant height data for 
Eucalypts on 40mm quarry 
scalpings lysimeter trials (S-
40mm-T3 and S-40mm-C3) 
and basalt dust and 
clay-rich overburden 
vegetation plots (BD-VP 
and COB-VP) from May 
2008 – Jan 2010 
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Figure 11 - Comparative 
plant height for Acacias   on 
40mm quarry scalpings 
lysimeter trials (S-40mm-T3 
and S-40mm-C3) and  basalt 
dust and clay-rich 
overburden vegetation 
plots (BD-VP and COB-VP). 
Extended data is presented 
for COB-VP and BD-VP 
planted in October 2008 up 
until August 2011 (close to 3 
years). 

 

 

Figure 12 - Comparative 
plant height for Acacias   
on 40mm quarry scalpings 
lysimeter trials (S-40mm-
T3 and S-40mm-C3) and  
basalt dust and clay-rich 
overburden vegetation 
plots (BD-VP and COB-VP). 
Extended data is 
presented for COB-VP and 
BD-VP planted in October 
2008 up until August 2011 
(close to 3 years).  

 

 

Figure 13 - Comparative 
plant height for Acacias   
on 40mm quarry scalpings 
lysimeter trials (S-40mm-
T3 and S-40mm-C3) and 
basalt dust and clay-rich 
overburden vegetation 
plots (BD-VP and COB-VP). 
Extended data is presented 
for COB-VP and BD-VP 
planted in October 2008 up 
until August 2011 (close to 
3 years). 
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Appendix 2 – Aerial photograph comparisons 2011-2018 

Year 40mm Lysimeter S-40mm-T3 (top),  
40mm Planting Pad C3 (bottom) 

Vegetation Plots: COB-VP (top) BD-VP (bottom) 

2011 
May 

 
 

 

2011 
Oct 

 
 

 

2012 
Apr 

 
 

 

2012 
Oct 
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2013 
Apr 

  
 

2013 
Nov  
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2014 
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Appendix 3 – Physical soil testing 

Table 3 – Guide to matching physical soil testing laboratory certificate codes with substrates in this report 

Lab sample ID Exploratory Hole Substrate 
code in report 

Description 
 
 

LMEL20181102119 AG1 (PSD) COB-VP Clay overburden sampled from the vegetation 
plot at 150mm deep 
 

LMEL20181102119 AG1 (Standard compaction) COB-VP Clay overburden sampled from the vegetation 
plot at 150mm deep 
 

LMEL20181102120 AG2 (PSD) COB-VP Clay overburden sampled from the vegetation 
plot at 150mm deep 
 

LMEL20181102121 AG3 (PSD) BD-VP Basalt dust sampled from the vegetation plot 
at 150mm deep 
 

LMEL20181102122 AG4 (PSD) BD-VP Basalt dust sampled from the vegetation plot 
at 150mm deep 
 

 

  



-

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

μm

μm

μm

μm

μm

x y x y x y x y x y x y x y

0.075 0% 2.36 0% 63 0% 200 0% 0.001 10% 0.001 30% 0.001 60%

0.075 42% 2.36 73% 63 100% 200 100% #N/A 10% #N/A 30% 1.016 60%

SIEVE 125 75 63 53 37.5 26.5 19 13.2 9.5 6.7 4.75 2.36 1.18 0.6 0.425 0.3 0.15 0.075

RESULT 100% 100% 100% 100% 100% 100% 100% 98% 95% 93% 88% 73% 62% 55% 52% 50% 46% 42%

LBS #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

UBS #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

These tests were carried out in accordance with the Australian standards identified in this certificate.

13.2

50%

46%

42%

52%

1.016

D60D10

Phone: +61 (03) 8862 3500 melbgeolab@golder.com.au

(>75 μm - <2.36 mm)

Web: www.golder.com.auFax: +61 (03) 8862 3501 E-mail:

75

26.5

Gravel*

LSM = Linear shrinkage mould

UB S = Upper bound specification

Cobbles

Testing performed by: Results reviewed by:

Fines

(<75 μm)

Sand*

Rep AS1289.3.6.1 - RL34

Northing (m)
(CH) Sandy CLAY, high plasticity, grey brown, with fine 

to medium gravel, fine to coarse grained sand

Golder Associates Pty Ltd
MELBOURNE GEOTECHNICAL LABORATORY

Lab sample ID:

98%

100%

100%

Passing LB S UB S

TRM18-0480

(AS 1726:2017 Section 6.1)

Client address:

Project ID:

Project name:

100%

53

37.5
54%

250Dry sieved

31% 13.5% Cracking 

Building 7, Botanicca Corporate Park 

570 - 588 Swan Street 

Richmond, Victoria 3121LMEL_18021136

LMEL20181102119

Method:

Lab report ref.:

Location: Wollert Project reference: Wollert Lanfill Cell 13 Clay Source

MELBOURNE GEOTECHNICAL LABORATORY

Sampling co-ordinatesSpecimen description:

Client:

N/A = Not applicable

95%

LB S:

23%Result:

Hanson Landfill Services Pty LTd

55 Bridge Inn Road, Wollert VIC 3750

1789707

Wollert Landfill Cell 13
Exploratory Hole

AG1

LSM length (mm):

LB S = Lower bound specification

100%19

AS1289.3.6.1, 2.1.1, 3.1.2, 3.2.1, 3.3.1, 3.4.1 & AS 1726:2017 Section 6.1

Test request #:

125

63

100%

100%

Att. preparation method:

Sieve Size

12.3%

As rcvd.

Preparation of specimen and testing performed on sample supplied to the 

laboratory

UB S:

1.18

600

93%

88%

73%

6.7

4.75

2.36

62%

55%

9.5

GRADING SUMMARY

Specimen

history/notes:

Definitions:

NO = Not obtainable;   NP = Non plastic

ND = Not determined;  SIB = Slip in bowl

26.7%

THIS DOCUMENT SHALL ONLY BE REPRODUCED IN FULL Nick Lobb - Senior Technician

1/12/2018

Gravel

Accredited for compliance with ISO/IEC 17025 - Testing

LM NLobb

D30

(>2.36 mm - <63 mm)

PARTICLE SIZE DISTRIBUTION AS 1289.3.6.1

100%

Date reported:

AS 1289.2.1.1 AS 1289.3.1.2 AS 1289.3.2.1 AS 1289.3.3.1

1 point

Proportions based on guidance in AS1726-2017 Section 6.1.4.2

AS 1289.3.4.1

Liquid

limit

Moisture

content

Plastic

limit

Plasticity

index

Linear

shrinkage

Sample depth (m):

Client sample ref: 1

Reduced 

LevelEasting (m)

Cert. ref.: 1789707_AG1_TRM18-0480_PSD_181102119_Rep18021136 Approved signatory:

NATA accreditation number: 1961 - Site:1250 - Melbourne

Curling/

Crumbling/

Cracking

-

-

Soils testing - Particle size distribution & consistency limits test report

Standard method (by sieving)

Cobbles*

(>63mm - <200 mm)

Fines Sand

Demarcation lines

0.0%41.8% 31.5%
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Particle size (mm)

PARTICLE SIZE DISTRIBUTION

FINE MEDIUM COARSE FINE MEDIUM COARSE FINE MEDIUM COARSE

BOULDERSCOBBLESSAND FRACTION

0.002 0.006 0.02 0.075 0.2 0.6 2 6 20 60 200 600

C
L

A
Y SILT FRACTION GRAVEL FRACTION

Divisions based on AS1289, interpolation based on AS1726
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-

x5 X min X min

x4 X max X max

x3 Y min

x2 Y max

x

c

Date tested:

Results reviewed by: Date reported:

0.000

Point 5

+61 (03) 8862 3501 melbgeolab@golder.com.au www.golder.com.auWeb:Phone:

Clause exceptions:

Notes:

Point 6 Point 5

Axis limits

16.0%

18.9%

19.0%

20.7%

+19mm statement:

#N/A

18.1%1.750

1.741

1.675

#N/A

18.1%

MELBOURNE GEOTECHNICAL LABORATORY

Building 7, Botanicca Corporate Park 

570 - 588 Swan Street 

Richmond, Victoria 3121

Reduced 

Level

Wollert Lanfill Cell 13 Clay Source

Sampling co-ordinates

#N/A #N/A

#N/A #N/A

1.77

Result

19.5%

Adjusted for 

oversize

This test was carried out in accordance with AS 1289.5.1.1-2017 with the exception of the following clauses:  3(e). Rep AS1289.5.1.1-2017 - RL8

-1690.835

Point 1

Result Adjusted

Point 3

1.675

1.561

1.650

1.741 19.0%

18.1%

Point 2

Dry density (t/m3):

20.7% 16.7%

+19 mm:

Portion test performed on:

1.741

0 hour

Point 3 Point 4 Point 5 Point 6

1.74

19.0%

-19 mm

19.5% 1.770

2

TEST REPORT - COMPACTION RESULTS

Point 2

TRM18-0480 Lab sample ID: LMEL20181102119

Project name: Wollert Landfill Cell 13
Exporatory Hole

Location: Wollert

Hanson Landfill Services Pty LTd

Project alias:

Client address: 55 Bridge Inn Road, Wollert VIC 3750

Project ID: 1789707

(CH) Sandy CLAY, high plasticity, grey brown, with fine to medium 

gravel, fine to coarse grained sand
Specimen description:
(Based on visual and tactile assessment)

AG1

Cohesive Curing times are compliant Cure:

Curing compliance: Liquid Limit

1.67
No oversize 

correction required

Moisture content:

Moisture content:Dry density (t/m3):

Result

1.56 1.65

Adjusted

Oversize material - (by wet mass)

Series 1 (Points)

20.7%

Point 1

Point 2

OMC/MDD

Point 4

Point 1

Northing (m)

Sample depth (m):

Moisture

content:
 AS 1289 2.1.1-2005

Client sample ref: 1

Easting (m)

Lab report ref.: LMEL_18021140

Series 14 (Corrected Points)

1.675

1.561

1.650

#N/A

#N/A

Golder Associates Pty Ltd

20.7%

Soils testing - Determination of the dry density moisture relationship

Standard compaction method

AS 1289.5.1.1-2017

Test request ID:

Client:

#N/A

1.860

Curve Limits

OK

NATA Accreditation for test 

method status check

OK

No oversize material present

X (OMC) Y (MDD)

Series 3 (Single Point)

No oversize material present

+37.5 mm:

Moisture X (MC)

19.0%

#N/A

16.7%

Dry density

Curve manual overide

Overide selected: 1

20.7%

16.7%1.650

3(e)

Point 6

Y (dry density)

1.629

#N/A

#N/A #N/A

#N/A #N/A

Display void lines option 1

18.1%

103.029

16.7%

Signatory1

1.480

Specimens prepared by: Tests performed by:

16.7%

#N/A

Display void lines option 2

17/11/2018

-17092.463

9340.919

22.0%

Point 3

Point 4

Polynomial curve equation

0.000

01/12/2018

E-mail:Fax:

Standard maximum dry density (t/m3):

Definition: ND = Not Determined

Nick Lobb - Senior Technician

+61 (03) 8862 3500

Material type Measured: 54% Assumed: Adopted: 54%

Standard optimum moisture content:

Accredited for compliance with ISO/IEC 17025 - Testing

THIS DOCUMENT SHALL ONLY BE REPRODUCED IN FULL

VE SDB

Cert. ref.: 1789707_AG1_TRM18-0480_StndComp_s181102119_Rep18021140 Approved signatory:

NATA accreditation number: 1961 - Site:1250 - Melbourne

NLobb

2.65 t/m³

2.65 t/m³

2.75 t/m³

2.85 t/m³

1.48

1.53

1.58

1.63

1.68

1.73

1.78

1.83

16% 17% 18% 19% 20% 21% 22%

D
ry

 d
e

n
si
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 (

t/
m

3
)

Moisture content

Compaction
Points

Compaction
Curve

MDD at OMC

Adjusted
Points
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-

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

μm

μm

μm

μm

μm

x y x y x y x y x y x y x y

0.075 0% 2.36 0% 63 0% 200 0% 0.001 10% 0.001 30% 0.001 60%

0.075 48% 2.36 76% 63 100% 200 100% #N/A 10% #N/A 30% 0.452 60%

SIEVE 125 75 63 53 37.5 26.5 19 13.2 9.5 6.7 4.75 2.36 1.18 0.6 0.425 0.3 0.15 0.075

RESULT 100% 100% 100% 100% 100% 100% 100% 99% 97% 94% 89% 76% 68% 62% 60% 57% 52% 48%

LBS #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

UBS #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

These tests were carried out in accordance with the Australian standards identified in this certificate.

13.2

57%

52%

48%

60%

0.452

D60D10

Phone: +61 (03) 8862 3500 melbgeolab@golder.com.au

(>75 μm - <2.36 mm)

Web: www.golder.com.auFax: +61 (03) 8862 3501 E-mail:

75

26.5

Gravel*

LSM = Linear shrinkage mould

UB S = Upper bound specification

Cobbles

Testing performed by: Results reviewed by:

Fines

(<75 μm)

Sand*

Rep AS1289.3.6.1 - RL34

Northing (m)
(CH) CLAY, high plasticity, grey brown, with fine to 

medium gravel, with fine to coarse grained sand

Golder Associates Pty Ltd
MELBOURNE GEOTECHNICAL LABORATORY

Lab sample ID:

99%

100%

100%

Passing LB S UB S

TRM18-0480

(AS 1726:2017 Section 6.1)

Client address:

Project ID:

Project name:

100%

53

37.5
57%

250Dry sieved

34% 15.0% Cracking / Curling 

Building 7, Botanicca Corporate Park 

570 - 588 Swan Street 

Richmond, Victoria 3121LMEL_18021137

LMEL20181102120

Method:

Lab report ref.:

Location: Wollert Project reference: Wollert Lanfill Cell 13 Clay Source

MELBOURNE GEOTECHNICAL LABORATORY

Sampling co-ordinatesSpecimen description:

Client:

N/A = Not applicable

97%

LB S:

23%Result:

Hanson Landfill Services Pty LTd

55 Bridge Inn Road, Wollert VIC 3750

1789707

Wollert Landfill Cell 13
Exploratory Hole

AG2

LSM length (mm):

LB S = Lower bound specification

100%19

AS1289.3.6.1, 2.1.1, 3.1.2, 3.2.1, 3.3.1, 3.4.1 & AS 1726:2017 Section 6.1

Test request #:

125

63

100%

100%

Att. preparation method:

Sieve Size

12.7%

As rcvd.

Preparation of specimen and testing performed on sample supplied to the 

laboratory

UB S:

1.18

600

94%

89%

76%

6.7

4.75

2.36

68%

62%

9.5

GRADING SUMMARY

Specimen

history/notes:

Definitions:

NO = Not obtainable;   NP = Non plastic

ND = Not determined;  SIB = Slip in bowl

24.1%

THIS DOCUMENT SHALL ONLY BE REPRODUCED IN FULL Nick Lobb - Senior Technician

1/12/2018

Gravel

Accredited for compliance with ISO/IEC 17025 - Testing

LM NLobb

D30

(>2.36 mm - <63 mm)

PARTICLE SIZE DISTRIBUTION AS 1289.3.6.1

100%

Date reported:

AS 1289.2.1.1 AS 1289.3.1.2 AS 1289.3.2.1 AS 1289.3.3.1

1 point

Proportions based on guidance in AS1726-2017 Section 6.1.4.2

AS 1289.3.4.1

Liquid

limit

Moisture

content

Plastic

limit

Plasticity

index

Linear

shrinkage

Sample depth (m):

Client sample ref: 1

Reduced 

LevelEasting (m)

Cert. ref.: 1789707_AG2_TRM18-0480_PSD_181102120_Rep18021137 Approved signatory:

NATA accreditation number: 1961 - Site:1250 - Melbourne

Curling/

Crumbling/

Cracking

-

-

Soils testing - Particle size distribution & consistency limits test report

Standard method (by sieving)

Cobbles*

(>63mm - <200 mm)

Fines Sand

Demarcation lines

0.0%48.2% 27.8%
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Particle size (mm)

PARTICLE SIZE DISTRIBUTION

FINE MEDIUM COARSE FINE MEDIUM COARSE FINE MEDIUM COARSE

BOULDERSCOBBLESSAND FRACTION

0.002 0.006 0.02 0.075 0.2 0.6 2 6 20 60 200 600

C
L

A
Y SILT FRACTION GRAVEL FRACTION

Divisions based on AS1289, interpolation based on AS1726
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-

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

μm

μm

μm

μm

μm

x y x y x y x y x y x y x y

0.075 0% 2.36 0% 63 0% 200 0% 0.001 10% 0.001 30% 0.001 60%

0.075 15% 2.36 67% 63 100% 200 100% #N/A 10% 0.408 30% 1.930 60%

SIEVE 125 75 63 53 37.5 26.5 19 13.2 9.5 6.7 4.75 2.36 1.18 0.6 0.425 0.3 0.15 0.075

RESULT 100% 100% 100% 100% 100% 100% 100% 100% 100% 96% 88% 67% 48% 35% 31% 27% 20% 15%

LBS #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

UBS #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

These tests were carried out in accordance with the Australian standards identified in this certificate.

13.2

27%

20%

15%

31%

1.930

D60

0.408

D10

Phone: +61 (03) 8862 3500 melbgeolab@golder.com.au

(>75 μm - <2.36 mm)

Web: www.golder.com.auFax: +61 (03) 8862 3501 E-mail:

75

26.5

Gravel*

LSM = Linear shrinkage mould

UB S = Upper bound specification

Cobbles

Testing performed by: Results reviewed by:

Fines

(<75 μm)

Sand*

Rep AS1289.3.6.1 - RL34

Northing (m)
(SC) Gravelly clayey SAND, fine to coarse, grey brown, 

fine to medium grained gravel, fines of low plasticity

Golder Associates Pty Ltd
MELBOURNE GEOTECHNICAL LABORATORY

Lab sample ID:

100%

100%

100%

Passing LB S UB S

TRM18-0480

(Based on visual and tactile assessment)

Client address:

Project ID:

Project name:

100%

53

37.5
- -

Building 7, Botanicca Corporate Park 

570 - 588 Swan Street 

Richmond, Victoria 3121LMEL_18021138

LMEL20181102121

Method:

Lab report ref.:

Location: Wollert Project reference: Wollert Lanfill Cell 13 Clay Source

MELBOURNE GEOTECHNICAL LABORATORY

Sampling co-ordinatesSpecimen description:

Client:

N/A = Not applicable

100%

LB S:

-Result:

Hanson Landfill Services Pty LTd

55 Bridge Inn Road, Wollert VIC 3750

1789707

Wollert Landfill Cell 13
Exploratory Hole

AG3

LSM length (mm):

LB S = Lower bound specification

100%19

AS1289.3.6.1, 2.1.1, 3.1.2, 3.2.1, 3.3.1 & 3.4.1

Test request #:

125

63

100%

100%

Att. preparation method:

Sieve Size

3.8%

As Rcvd.

Preparation of specimen and testing performed on sample supplied to the 

laboratory

UB S:

1.18

600

96%

88%

67%

6.7

4.75

2.36

48%

35%

9.5

GRADING SUMMARY

Specimen

history/notes:

Definitions:

NO = Not obtainable;   NP = Non plastic

ND = Not determined;  SIB = Slip in bowl

33.1%

THIS DOCUMENT SHALL ONLY BE REPRODUCED IN FULL Nick Lobb - Senior Technician

1/12/2018

Gravel

Accredited for compliance with ISO/IEC 17025 - Testing

VE NLobb

D30

(>2.36 mm - <63 mm)

PARTICLE SIZE DISTRIBUTION AS 1289.3.6.1

100%

Date reported:

AS 1289.2.1.1 AS 1289.3.1.2 AS 1289.3.2.1 AS 1289.3.3.1

1 point

Proportions based on guidance in AS1726-2017 Section 6.1.4.2

AS 1289.3.4.1

Liquid

limit

Moisture

content

Plastic

limit

Plasticity

index

Linear

shrinkage

Sample depth (m):

Client sample ref: 1

Reduced 

LevelEasting (m)

Cert. ref.: 1789707_AG3_TRM18-0480_PSD_181102121_Rep18021138 Approved signatory:

NATA accreditation number: 1961 - Site:1250 - Melbourne

Curling/

Crumbling/

Cracking

-

-

Soils testing - Particle size distribution & consistency limits test report

Standard method (by sieving)

Cobbles*

(>63mm - <200 mm)

Fines Sand

Demarcation lines

0.0%15.3% 51.6%
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Particle size (mm)

PARTICLE SIZE DISTRIBUTION

FINE MEDIUM COARSE FINE MEDIUM COARSE FINE MEDIUM COARSE

BOULDERSCOBBLESSAND FRACTION

0.002 0.006 0.02 0.075 0.2 0.6 2 6 20 60 200 600

C
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A
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Divisions based on AS1289, interpolation based on AS1726
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-

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

μm

μm

μm

μm

μm

x y x y x y x y x y x y x y

0.075 0% 2.36 0% 63 0% 200 0% 0.001 10% 0.001 30% 0.001 60%

0.075 16% 2.36 67% 63 100% 200 100% #N/A 10% 0.416 30% 1.910 60%

SIEVE 125 75 63 53 37.5 26.5 19 13.2 9.5 6.7 4.75 2.36 1.18 0.6 0.425 0.3 0.15 0.075

RESULT 100% 100% 100% 100% 100% 100% 100% 100% 100% 96% 86% 67% 49% 35% 30% 26% 20% 16%

LBS #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

UBS #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

These tests were carried out in accordance with the Australian standards identified in this certificate.

13.2

26%

20%

16%

30%

1.910

D60

0.416

D10

Phone: +61 (03) 8862 3500 melbgeolab@golder.com.au

(>75 μm - <2.36 mm)

Web: www.golder.com.auFax: +61 (03) 8862 3501 E-mail:

75

26.5

Gravel*

LSM = Linear shrinkage mould

UB S = Upper bound specification

Cobbles

Testing performed by: Results reviewed by:

Fines

(<75 μm)

Sand*

Rep AS1289.3.6.1 - RL34

Northing (m)
(SC) Gravelly clayey SAND, fine to coarse, pale grey, 

fine to medium grained gravel, fines of low plasticity

Golder Associates Pty Ltd
MELBOURNE GEOTECHNICAL LABORATORY

Lab sample ID:

100%

100%

100%

Passing LB S UB S

TRM18-0480

(Based on visual and tactile assessment)

Client address:

Project ID:

Project name:

100%

53

37.5
- -

Building 7, Botanicca Corporate Park 

570 - 588 Swan Street 

Richmond, Victoria 3121LMEL_18021139

LMEL20181102122

Method:

Lab report ref.:

Location: Wollert Project reference: Wollert Lanfill Cell 13 Clay Source

MELBOURNE GEOTECHNICAL LABORATORY

Sampling co-ordinatesSpecimen description:

Client:

N/A = Not applicable

100%

LB S:

-Result:

Hanson Landfill Services Pty LTd

55 Bridge Inn Road, Wollert VIC 3750

1789707

Wollert Landfill Cell 13
Exploratory Hole

AG4

LSM length (mm):

LB S = Lower bound specification

100%19

AS1289.3.6.1, 2.1.1, 3.1.2, 3.2.1, 3.3.1 & 3.4.1

Test request #:

125

63

100%

100%

Att. preparation method:

Sieve Size

3.8%

As Rcvd.

Preparation of specimen and testing performed on sample supplied to the 

laboratory

UB S:

1.18

600

96%

86%

67%

6.7

4.75

2.36

49%

35%

9.5

GRADING SUMMARY

Specimen

history/notes:

Definitions:

NO = Not obtainable;   NP = Non plastic

ND = Not determined;  SIB = Slip in bowl

33.5%

THIS DOCUMENT SHALL ONLY BE REPRODUCED IN FULL Nick Lobb - Senior Technician

1/12/2018

Gravel

Accredited for compliance with ISO/IEC 17025 - Testing

VE NLobb

D30

(>2.36 mm - <63 mm)

PARTICLE SIZE DISTRIBUTION AS 1289.3.6.1

100%

Date reported:

AS 1289.2.1.1 AS 1289.3.1.2 AS 1289.3.2.1 AS 1289.3.3.1

1 point

Proportions based on guidance in AS1726-2017 Section 6.1.4.2

AS 1289.3.4.1

Liquid

limit

Moisture

content

Plastic

limit

Plasticity

index

Linear

shrinkage

Sample depth (m):

Client sample ref: 1

Reduced 

LevelEasting (m)

Cert. ref.: 1789707_AG4_TRM18-0480_PSD_181102122_Rep18021139 Approved signatory:

NATA accreditation number: 1961 - Site:1250 - Melbourne

Curling/

Crumbling/

Cracking

-

-

Soils testing - Particle size distribution & consistency limits test report

Standard method (by sieving)
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Appendix 4 – Chemical soil testing 

Table 4 – Guide to matching chemical soil testing laboratory certificate codes with substrates in this report 

Lab sample ID Client Sample ID Substrate code in 
report 
 

Description 

EM1813493-001 ET-CAP S-40mm-PC 40mm quarry scalpings sampled from Cell 3 
large-scale phytocap trial 
 

EM1813493-002 Location 2 COB-PDK Clay overburden sampled from the paddocks 
adjacent to the landfill 
 

EM1817688-001 
 

AG1  COB-VP Clay overburden sampled from the vegetation 
plot at 150mm deep 
 

EM1817688-002 AG2 COB-VP Clay overburden sampled from the vegetation 
plot at 150mm deep 
 

EM1817688-003 AG3 BD-VP Basalt dust sampled from the vegetation plot 
at 150mm deep 
 

EM1817688-004 AG4 BD-VP Basalt dust sampled from the vegetation plot 
at 150mm deep 
 

EM1818404-001 Quarry Dust 1 
 

BD-DRQ* Basalt dust sampled from an on-site stockpile 
of Diggers rest quarry scoria dust 
 

EM1818404-002 
 

Quarry Dust 2 BD-DRQ* Basalt dust sampled from an on-site stockpile 
of Diggers rest quarry scoria dust 
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CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 4EM1813493

:: LaboratoryClient GOLDER ASSOCIATES Environmental Division Melbourne

: :ContactContact GOLDER CONTACT Larissa Burns

:: AddressAddress P O BOX 6079 Building 7, 570-588 Swan St

RICHMOND VIC, AUSTRALIA 3122

4 Westall Rd Springvale VIC Australia 3171

:Telephone +61 03 8862 3500 :Telephone +61-3-8549 9600

:Project 1792107 Date Samples Received : 23-Aug-2018 12:20

:Order number PO13266 Date Analysis Commenced : 24-Aug-2018

:C-O-C number ---- Issue Date : 04-Sep-2018 15:16

Sampler : ----

Site : ----

Quote number : EN/002/18 National BQ

2:No. of samples received

2:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Dilani Fernando Senior Inorganic Chemist Melbourne Inorganics, Springvale, VIC

Kim McCabe Senior Inorganic Chemist Brisbane Inorganics, Stafford, QLD

Nancy Wang 2IC Organic Chemist Melbourne Inorganics, Springvale, VIC

Nikki Stepniewski Senior Inorganic Instrument Chemist Melbourne Inorganics, Springvale, VIC
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:Client
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General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

pH analysis is done under non-stirring condition.l

ALS is not NATA accredited for the analysis of Exchangeable Cations on Alkaline Soils when performed under ALS Method ED006.l

ED045G: The presence of thiocyanate can positively contribute to the chloride result, thereby may bias results higher than expected. Results should be scrutinised accordingly.l

ED007 and ED008: When Exchangeable Al is reported from these methods, it should be noted that Rayment & Lyons (2011) suggests Exchange Acidity by 1M KCl - Method 15G1 (ED005) is a more suitable method 

for the determination of exchange acidity (H+ + Al3+).

l
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Analytical Results

------------Location 2ET-CAPClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

------------22-Aug-2018 00:0022-Aug-2018 00:00Client sampling date / time

------------------------EM1813493-002EM1813493-001UnitLORCAS NumberCompound

Result Result ---- ---- ----

EA001: pH in soil using 0.01M CaCl extract

6.7 5.5 ---- ---- ----pH Unit0.1----pH (CaCl2)

EA055: Moisture Content (Dried @ 105-110°C)

12.0 16.4 ---- ---- ----%1.0----Moisture Content

ED006: Exchangeable Cations on Alkaline Soils

6.4ø ---- ---- ---- ----meq/100g0.2----Exchangeable Calcium

8.7ø ---- ---- ---- ----meq/100g0.2----Exchangeable Magnesium

0.7ø ---- ---- ---- ----meq/100g0.2----Exchangeable Potassium

<0.2ø ---- ---- ---- ----meq/100g0.2----Exchangeable Sodium

15.8ø ---- ---- ---- ----meq/100g0.2----Cation Exchange Capacity

<0.2ø ---- ---- ---- ----%0.2----Exchangeable Sodium Percent

0.7ø ---- ---- ---- -----0.2----Calcium/Magnesium Ratio

12.2ø ---- ---- ---- -----0.2----Magnesium/Potassium Ratio

ED007: Exchangeable Cations

---- 25.3 ---- ---- ----meq/100g0.1----Exchangeable Calcium

---- 33.5 ---- ---- ----meq/100g0.1----Exchangeable Magnesium

---- 1.4 ---- ---- ----meq/100g0.1----Exchangeable Potassium

---- 3.2 ---- ---- ----meq/100g0.1----Exchangeable Sodium

---- 63.4 ---- ---- ----meq/100g0.1----Cation Exchange Capacity

---- 5.0 ---- ---- ----%0.1----Exchangeable Sodium Percent

---- 0.8 ---- ---- -----0.1----Calcium/Magnesium Ratio

---- 24.1 ---- ---- -----0.1----Magnesium/Potassium Ratio

ED021: Bicarbonate Extractable Potassium (Colwell)

272 <200 ---- ---- ----mg/kg10----Bicarbonate Extractable K (Colwell)

ED045G: Chloride by Discrete Analyser

<10Chloride 20 ---- ---- ----mg/kg1016887-00-6

ED092: DTPA Extractable Metals

1.81øCopper 1.90 ---- ---- ----mg/kg1.007440-50-8

35.0ø Iron 221 ---- ---- ----mg/kg1.007439-89-6

2.92øManganese <1.00 ---- ---- ----mg/kg1.007439-96-5

<1.00øZinc <1.00 ---- ---- ----mg/kg1.007440-66-6

EK055: Ammonia as N

<20Ammonia as N <20 ---- ---- ----mg/kg207664-41-7

EK057G:  Nitrite as N by Discrete Analyser

<0.1Nitrite as N (Sol.) 24.7 ---- ---- ----mg/kg0.114797-65-0
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Analytical Results

------------Location 2ET-CAPClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

------------22-Aug-2018 00:0022-Aug-2018 00:00Client sampling date / time

------------------------EM1813493-002EM1813493-001UnitLORCAS NumberCompound

Result Result ---- ---- ----

EK058G:  Nitrate as N by Discrete Analyser

1.8Nitrate as N (Sol.) 39.1 ---- ---- ----mg/kg0.114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

1.8 63.8 ---- ---- ----mg/kg0.1----Nitrite + Nitrate as N (Sol.)

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

120 1580 ---- ---- ----mg/kg20----Total Kjeldahl Nitrogen as N

EK062: Total Nitrogen as N (TKN + NOx)

120^ 1640 ---- ---- ----mg/kg20----Total Nitrogen as N

EK067G: Total Phosphorus as P by Discrete Analyser

914 179 ---- ---- ----mg/kg2----Total Phosphorus as P

EK080: Bicarbonate Extractable Phosphorus (Colwell)

6 <5 ---- ---- ----mg/kg5----Bicarbonate Ext. P (Colwell)

EP004: Organic Matter

<0.5 2.3 ---- ---- ----%0.5----Organic Matter

<0.5 1.4 ---- ---- ----%0.5----Total Organic Carbon



 0  0.00 True

Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 4EM1817688

:: LaboratoryClient GOLDER ASSOCIATES Environmental Division Melbourne

: :ContactContact GOLDER CONTACT Larissa Burns

:: AddressAddress P O BOX 6079 Building 7, 570-588 Swan St

RICHMOND VIC, AUSTRALIA 3122

4 Westall Rd Springvale VIC Australia 3171

:Telephone +61 03 8862 3500 :Telephone +6138549 9644

:Project 1789707 Date Samples Received : 02-Nov-2018 13:35

:Order number 15054 Date Analysis Commenced : 05-Nov-2018

:C-O-C number ---- Issue Date : 13-Nov-2018 15:57

Sampler : KM

Site : Wollert

Quote number : EN/002/18 National BQ

4:No. of samples received

4:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Dilani Fernando Senior Inorganic Chemist Melbourne Inorganics, Springvale, VIC

Kim McCabe Senior Inorganic Chemist Brisbane Inorganics, Stafford, QLD
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General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

ALS is not NATA accredited for the analysis of Exchangeable Cations on Alkaline Soils when performed under ALS Method ED006.l

ED045G: The presence of thiocyanate can positively contribute to the chloride result, thereby may bias results higher than expected. Results should be scrutinised accordingly.l

ED007 and ED008: When Exchangeable Al is reported from these methods, it should be noted that Rayment & Lyons (2011) suggests Exchange Acidity by 1M KCl - Method 15G1 (ED005) is a more suitable method 

for the determination of exchange acidity (H+ + Al3+).

l
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Analytical Results

----AG04AG03AG02AG01Client sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

----01-Nov-2018 00:0001-Nov-2018 00:0001-Nov-2018 00:0001-Nov-2018 00:00Client sampling date / time

--------EM1817688-004EM1817688-003EM1817688-002EM1817688-001UnitLORCAS NumberCompound

Result Result Result Result ----

EA001: pH in soil using 0.01M CaCl extract

7.8 7.6 7.0 6.8 ----pH Unit0.1----pH (CaCl2)

EA055: Moisture Content (Dried @ 105-110°C)

10.3 10.6 3.5 3.6 ----%1.0----Moisture Content

ED006: Exchangeable Cations on Alkaline Soils

9.8ø 12.7 1.9 2.6 ----meq/100g0.2----Exchangeable Calcium

17.0ø 12.2 3.5 3.5 ----meq/100g0.2----Exchangeable Magnesium

2.2ø 1.3 0.5 0.4 ----meq/100g0.2----Exchangeable Potassium

3.7ø 0.9 0.3 <0.2 ----meq/100g0.2----Exchangeable Sodium

32.7ø 27.0 6.2 6.5 ----meq/100g0.2----Cation Exchange Capacity

11.4ø 3.2 4.5 <0.2 ----%0.2----Exchangeable Sodium Percent

0.6ø 1.0 0.6 0.8 -----0.2----Calcium/Magnesium Ratio

7.9ø 9.6 7.5 8.8 -----0.2----Magnesium/Potassium Ratio

ED021: Bicarbonate Extractable Potassium (Colwell)

406 612 316 268 ----mg/kg10----Bicarbonate Extractable K (Colwell)

ED045G: Chloride by Discrete Analyser

30Chloride 20 20 <10 ----mg/kg1016887-00-6

ED092: DTPA Extractable Metals

1.47øCopper 1.21 1.16 1.38 ----mg/kg1.007440-50-8

21.8ø Iron 25.4 19.5 35.2 ----mg/kg1.007439-89-6

1.86øManganese 3.28 4.00 3.49 ----mg/kg1.007439-96-5

<1.00øZinc <1.00 <1.00 <1.00 ----mg/kg1.007440-66-6

EK055: Ammonia as N

<20Ammonia as N <20 <20 <20 ----mg/kg207664-41-7

EK057G:  Nitrite as N by Discrete Analyser

<0.1Nitrite as N (Sol.) 0.2 0.9 <0.1 ----mg/kg0.114797-65-0

EK058G:  Nitrate as N by Discrete Analyser

0.2Nitrate as N (Sol.) 0.6 11.2 0.4 ----mg/kg0.114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

0.2 0.8 12.1 0.4 ----mg/kg0.1----Nitrite + Nitrate as N (Sol.)

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

80 240 170 90 ----mg/kg20----Total Kjeldahl Nitrogen as N

EK062: Total Nitrogen as N (TKN + NOx)

80^ 240 180 90 ----mg/kg20----Total Nitrogen as N
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Analytical Results

----AG04AG03AG02AG01Client sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

----01-Nov-2018 00:0001-Nov-2018 00:0001-Nov-2018 00:0001-Nov-2018 00:00Client sampling date / time

--------EM1817688-004EM1817688-003EM1817688-002EM1817688-001UnitLORCAS NumberCompound

Result Result Result Result ----

EK067G: Total Phosphorus as P by Discrete Analyser

452 350 1240 688 ----mg/kg2----Total Phosphorus as P

EK080: Bicarbonate Extractable Phosphorus (Colwell)

<5 11 6 6 ----mg/kg5----Bicarbonate Ext. P (Colwell)

EP004: Organic Matter

1.7 4.7 <0.5 0.8 ----%0.5----Organic Matter

1.0 2.7 <0.5 <0.5 ----%0.5----Total Organic Carbon
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CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 4EM1818404

:: LaboratoryClient GOLDER ASSOCIATES Environmental Division Melbourne

: :ContactContact MR YOUSSEF LTEIF Larissa Burns

:: AddressAddress P O BOX 6079 Building 7, 570-588 Swan St

RICHMOND VIC, AUSTRALIA 3122

4 Westall Rd Springvale VIC Australia 3171

:Telephone +61 03 8862 3500 :Telephone +6138549 9644

:Project 1792107 Date Samples Received : 15-Nov-2018 14:20

:Order number PO15358 Date Analysis Commenced : 16-Nov-2018

:C-O-C number ---- Issue Date : 22-Nov-2018 15:24

Sampler : ----

Site : Diggers Rest Quarry

Quote number : EN/002/18 National BQ

2:No. of samples received

2:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Dilani Fernando Senior Inorganic Chemist Melbourne Inorganics, Springvale, VIC

Mark Hallas Senior Inorganic Chemist Brisbane Inorganics, Stafford, QLD

Nikki Stepniewski Senior Inorganic Instrument Chemist Melbourne Inorganics, Springvale, VIC

Tom Maloney Senior Inorganic Chemist Brisbane Inorganics, Stafford, QLD
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General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

ED021 (Bicarbonate Extractable K Colwell) LOR for some samples have been raised due to matrix interference.l

ED045G: The presence of thiocyanate can positively contribute to the chloride result, thereby may bias results higher than expected. Results should be scrutinised accordingly.l

ED092 (DTPA - Extractable Metals): Sample EM1818404 – 001 (Quarry Dust 1) shows poor duplicate results due to sample heterogeneity. Confirmed by visual inspection.l

ED007 and ED008: When Exchangeable Al is reported from these methods, it should be noted that Rayment & Lyons (2011) suggests Exchange Acidity by 1M KCl - Method 15G1 (ED005) is a more suitable method 

for the determination of exchange acidity (H+ + Al3+).

l



3 of 4:Page

Work Order :

:Client

EM1818404

1792107:Project

GOLDER ASSOCIATES

Analytical Results

------------Quarry Dust 2Quarry Dust 1Client sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

------------15-Nov-2018 00:0015-Nov-2018 00:00Client sampling date / time

------------------------EM1818404-002EM1818404-001UnitLORCAS NumberCompound

Result Result ---- ---- ----

EA001: pH in soil using 0.01M CaCl extract

7.6 7.7 ---- ---- ----pH Unit0.1----pH (CaCl2)

EA002: pH 1:5 (Soils)

8.6 8.3 ---- ---- ----pH Unit0.1----pH Value

EA010: Conductivity (1:5)

88 88 ---- ---- ----µS/cm1----Electrical Conductivity @ 25°C

EA055: Moisture Content (Dried @ 105-110°C)

<1.0 <1.0 ---- ---- ----%1.0----Moisture Content

ED008: Exchangeable Cations

0.8 0.6 ---- ---- ----meq/100g0.1----Exchangeable Calcium

0.8 0.7 ---- ---- ----meq/100g0.1----Exchangeable Magnesium

<0.1 <0.1 ---- ---- ----meq/100g0.1----Exchangeable Potassium

<0.1 <0.1 ---- ---- ----meq/100g0.1----Exchangeable Sodium

<0.1 <0.1 ---- ---- ----meq/100g0.1----Exchangeable Aluminium

1.6 1.5 ---- ---- ----meq/100g0.1----Cation Exchange Capacity

4.7 5.3 ---- ---- ----%0.1----Exchangeable Sodium Percent

1.0 0.8 ---- ---- -----0.1----Calcium/Magnesium Ratio

ED021: Bicarbonate Extractable Potassium (Colwell)

<200 <200 ---- ---- ----mg/kg10----Bicarbonate Extractable K (Colwell)

ED045G: Chloride by Discrete Analyser

50Chloride 40 ---- ---- ----mg/kg1016887-00-6

ED092: DTPA Extractable Metals

<1.00øCopper <1.00 ---- ---- ----mg/kg1.007440-50-8

10.5ø Iron 3.67 ---- ---- ----mg/kg1.007439-89-6

2.92øManganese 2.97 ---- ---- ----mg/kg1.007439-96-5

<1.00øZinc <1.00 ---- ---- ----mg/kg1.007440-66-6

EK055: Ammonia as N

<20Ammonia as N <20 ---- ---- ----mg/kg207664-41-7

EK057G:  Nitrite as N by Discrete Analyser

<0.1Nitrite as N (Sol.) <0.1 ---- ---- ----mg/kg0.114797-65-0

EK058G:  Nitrate as N by Discrete Analyser

9.1Nitrate as N (Sol.) 17.0 ---- ---- ----mg/kg0.114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

9.1 17.0 ---- ---- ----mg/kg0.1----Nitrite + Nitrate as N (Sol.)
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Analytical Results

------------Quarry Dust 2Quarry Dust 1Client sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

------------15-Nov-2018 00:0015-Nov-2018 00:00Client sampling date / time

------------------------EM1818404-002EM1818404-001UnitLORCAS NumberCompound

Result Result ---- ---- ----

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

<20 <20 ---- ---- ----mg/kg20----Total Kjeldahl Nitrogen as N

EK062: Total Nitrogen as N (TKN + NOx)

<20^ <20 ---- ---- ----mg/kg20----Total Nitrogen as N

EK067G: Total Phosphorus as P by Discrete Analyser

429 1060 ---- ---- ----mg/kg2----Total Phosphorus as P

EK080: Bicarbonate Extractable Phosphorus (Colwell)

9 7 ---- ---- ----mg/kg5----Bicarbonate Ext. P (Colwell)

EP004: Organic Matter

<0.5 <0.5 ---- ---- ----%0.5----Organic Matter

<0.5 <0.5 ---- ---- ----%0.5----Total Organic Carbon
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