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[bookmark: _Toc88759310][bookmark: _Toc8136401][bookmark: _Toc8137287]Executive Summary 

ALS was engaged by the Department of Jobs, Precincts and Regions (DJPR) to undertake dust monitoring at the Woodvale Evaporation Ponds from the start of January 2021. This report provides results and analysis of data collected from sampling in Q3 2021. 

In April 2021, Earth Resources Regulation (ERR) inherited the responsibility for care and maintenance and rehabilitation of the former Bendigo Gold Mine sites, as its owner Kralcopic Pty Ltd went into liquidation. Prior to inheriting this responsibility, ERR engaged ALS to undertake depositional dust monitoring at the former Bendigo Mine sites, i.e. Kangaroo Flat and Woodvale, to proactively address ongoing community concerns relating to dust, and in particular the arsenic content of the dust. 

This report analyses the data gathered in Q3 2021 for the Woodvale site by comparing the levels to accepted standards (where available) and previous dust monitoring results. The results of dust monitoring in the first half of 2021 were published in a report by CDM Smith. 

The Woodvale Evaporation Ponds are located 13 km north of Bendigo. The ponds were formerly used to hold water extracted from historic underground mining operations in Kangaroo Flat. The site is currently in care and maintenance. To keep dust levels down, some of the ponds are being filled with water. ERR is also applying a range of dust control measures at the Bendigo Mine sites, including mulching exposed areas, ensuring there is vegetation cover, watering and applying dust suppression polymer as needed.  

To maintain continuity and comparability of data, monitoring was undertaken at the same locations and a similar methodology and analysis process was followed in this report as done before.

The original scope of dust monitoring works at Woodvale was to operate and maintain six depositional dust gauges and two directional dust deposition gauges. ERR has since asked ALS to add a further three monitoring sites to the dust monitoring program at Woodvale, i.e. one control site to obtain background data, and two directional dust deposition gauges at the east and west of the Woodvale site, to provide more complete data from directional dust monitoring.

The purpose of dust monitoring is to assure the local community that dust issues are being minimised and managed effectively. The objective of the dust monitoring program at Woodvale is to gather baseline data when the site is in care and maintenance, including testing the effectiveness of dust control measures. These results will inform decision making on rehabilitation requirements and measures required to ensure works meet air quality standards (where available). 

The results for Q3 2021 were comparable to previous results (Kralcopic Report in 2018 and CDM Smith Report in 2021) or less than what was observed in the first half of 2021. 

As done previously in the CDM Smith Report, the following questions are answered for Q3 2021: 

· Did the dust deposition rates recorded in Q3 2021, exceed the adopted dust deposition criteria of 4g/m2/month, measured as Total Insoluble Matter (TIM)?

In Q3 2021, there was only one instance where the dust level was marginally (i.e. 4.1 g/m2/month) over the 4 g/m2/month criteria used in this report.
· Are dust deposition rates recorded in Q3 2021, comparable to available historic results in this area?

Overall results for Q3 2021 were comparable to previous results (Kralcopic Report in 2018 and CDM Smith Report in 2021), or less than what was observed in the first half of 2021.

· Are arsenic concentrations recorded in deposited dust in Q3 2021, comparable to available historic results in this area?

Arsenic, barium and manganese were within the historical ranges, and the results here in Q3 2021 are comparable to or lower than results reported in the first half of 2021 in the CDM report.
The control site results from Q3 2021 confirm the previous observation that the arsenic concentration levels recorded in the dust samples are generally representative of the background arsenic levels in the area.
In addition to the results above, the directional dust deposition gauge results for Q3 2021 showed that, there is no clear net increase in dust or arsenic concentrations resulting from the Woodvale Evaporation Ponds, with results fluctuating from month to month.  


[bookmark: _Toc88759311]Introduction

ALS was engaged by the Department of Jobs, Precincts and Regions (DJPR) to undertake dust monitoring at the Woodvale Evaporation Ponds from the start of January 2021. This report provides results and analysis of data collected from sampling in Q3 2021. ALS undertook the field component of maintaining dust gauges and replacing sample containers, as well as laboratory analysis of samples collected.  Samples were collected from locations specified by DJPR on a routine monthly basis. These locations are displayed in Section 3.1 of this report.

[bookmark: _Toc88759312]Background

In April 2021, ERR inherited the responsibility for care and maintenance and rehabilitation of the former Bendigo Gold Mine sites, as its owner Kralcopic Pty Ltd went into liquidation. Prior to inheriting this responsibility, ERR engaged ALS to undertake depositional dust monitoring at the former Bendigo Mine sites, i.e. Kangaroo Flat and Woodvale, to proactively address ongoing community concerns relating to dust, and in particular the arsenic content of the dust. This report analyses the data gathered in Q3 2021 for the Woodvale site by comparing the levels to accepted standards (where available) and previous dust monitoring results published in: 

· CDM Smith report for the first half of 2021; and
· Kralcopic report for Q4 2018. 

Both reports are referenced in this document. To maintain continuity and comparability of results, this document has been prepared in a similar format to the CDM Smith report. 

The Woodvale Evaporation Ponds are located 13 km north of Bendigo. The ponds were formerly used to hold water extracted from historic underground mining operations in Kangaroo Flat. The site is currently in care and maintenance. To keep dust levels down, some of the ponds are being filled with water. ERR is also applying a range of dust control measures at the Bendigo Mine sites, including mulching exposed areas, ensuring there is vegetation cover, watering and applying dust suppression polymer as needed.  

To maintain continuity and comparability of data, monitoring was undertaken at the same locations as previously, and similar methodology and analysis used. This report builds on the previous results and provides baseline information to potentially inform decisions around some aspects of site rehabilitation.

[bookmark: _Toc88759313]Scope and Objective

The original scope of dust monitoring works at Woodvale was to operate and maintain six depositional dust gauges and two directional dust deposition gauges. As such, six depositional dust gauges were reinstated at the historic locations with the following naming conventions:

	· [bookmark: _Hlk87191622]WVDD01 (S)
· WVDD02 (N)
· WVDD03 (N)
	· WVDD04 (E)
· WVDD05 (S)
· WVDD06 (W)



Similarly, directional dust deposition gauges were reinstated at the following locations in January 2021:

· WVDG03 (N)
· WVDG05 (S)
These directional gauges were located next to the existing gauges WVDD003 (N) and WVDD005 (S).
To improve the completeness of data, DJPR requested that ALS include three additional monitoring sites: 

· a control site to record background levels typical for the area at an equivalent location, away from the Woodvale site; and
· two directional dust deposition gauges to the East and West of the Woodvale site.

Laboratory analysis requirements were provided by DJPR and were in line with historical requirements during the previous monitoring program to maintain continuity and comparability of results.

The purpose of dust monitoring is to assure the local community that dust issues are being minimised and managed effectively. The objective of the dust monitoring program at Woodvale is to gather baseline data when the site is in care and maintenance, including testing the effectiveness of dust control measures. These results will potentially inform decisions around some aspects of site rehabilitation and any measures required to ensure works meet air quality standards (where available). 

As done previously, the following considerations were included in assessment of Q3 2021 data:

· Did the dust deposition rates recorded in Q3 2021, exceed the adopted dust deposition criteria of 4g/m2/month, measured as Total Insoluble Matter (TIM)?
· Are dust deposition rates recorded in Q3 2021, comparable to available historic results in this area?
· Are arsenic concentrations recorded in deposited dust in Q3 2021, comparable to available historic results in this area?

[bookmark: _Toc88759314]Regulatory Environment

The Environment Protection Authority (EPA) has overarching responsibility for the air quality in Victoria. The EPA administers the Environment Protection Act 2017 and the Environment Protection Regulations 2021 under which Environmental Reference Standards (ERS) and Guidelines are provided.

The purpose of the ERS is to support the protection of human health and the environment from pollution and waste by providing benchmarks to assess and report on environmental conditions in the whole or any part of Victoria.

The ERS seeks to achieve this purpose by:

(a) identifying environmental values to be achieved or maintained in the whole or any part of Victoria; and
(b) specifying indicators and objectives to be used to measure, determine or assess whether those environmental values are being achieved, maintained or threatened.

The ERS provides guidance, objectives and levels on values where the environment may be impacted and incorporates the Ambient Air Quality National Environment Protection Measure (NEPM AAQ).

The main guidance document used for the purpose of this report is EPA Publication 1191 – Protocol for Environmental Management – Mining and Extractive Industries (Mining PEM).

Under the new EPA legislation, duty holders have responsibility under the general environmental duty to apply controls to eliminate or minimise risks to human health and the environment. So the focus is on applying effective control measures, and monitoring is to determine the effectiveness of control measures.

[bookmark: _Toc88759315]What is Dust

Dust is typically not classified due to its composition but based on its particle size, as follows:

· Deposited matter - any particles that fall out of suspension in the atmosphere.
· Total Suspended Particles (TSP) - particles suspended or entrained in the air. Typically, this is particles of 30 µm (0.03 mm) equivalent aerodynamic diameter or less. Larger particles tend not to become suspended.
· PM10 - particles 10 µm equivalent aerodynamic diameter or less.
· PM2.5 - particles 2.5 µm equivalent aerodynamic diameter or less.

Dust particle size is an important consideration influencing dispersion and transport in the atmosphere and potential effects on human health. Human activities (e.g. energy use, transport, industrial activities etc) can affect the air quality, in particular airborne dust.

Potential sources of dust are: 

· natural sources such as dust storms, agricultural dust, bushfires, vegetation, pollen and fungi; and 
· anthropogenic sources such as mines sites, industry, roads and vehicles, construction sites, domestic and diffuse sources (CDM Smith, 2021).

[bookmark: _Toc88759316]Measurement of Dust
[bookmark: _Toc88759317][bookmark: _Toc8136406][bookmark: _Toc8137292]Site Locations

Locations of depositional dust gauges are per Figure 1. Directional depositional dust gauges WVDG03 (N) and WVDG05 (S) have been installed next to WVDD003 (N) and WVDD005 (S), respectively.
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[bookmark: _Ref87300294][bookmark: _Ref87300279][bookmark: _Toc88759234][bookmark: _Hlk87204799]Figure 1 - Monitoring Locations

Samples were collected in accordance with the Standard AS/NZS 3580.10.1 - Methods for sampling and analysis of ambient air – Determination of particulate matter – Deposited matter – Gravimetric method and ALS Dust Sampling and Depositional Dust Gauge Work Procedure MAT-MAP1000 (See Appendix A).

ALS Laboratory in Springvale analysed the samples for the following:

· Total deposited matter
· Total ash content 
· Metals/metalloids, in the soluble, insoluble and ash content fraction of dust

Upon request for an additional site to be installed for background monitoring, a new depositional dust gauge was installed at the beginning of September. The new site was installed 10 km away from the Woodvale site to the North and was named WVDD07BG. See location in Figure 2 and Figure 3.
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[bookmark: _Ref87300994][bookmark: _Toc88759235]Figure 2 - Control Site Location WVDD07BG
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[bookmark: _Ref87300980][bookmark: _Toc88759236]Figure 3 - Control Site Gauge WVDD07BG


[bookmark: _Toc88759318]Deposited Matter

The Standard (AS/NZS 3580.10.1:2016) sets out a method (used in this report) for sampling particulate matter that is deposited from the atmosphere. This Standard also sets out procedures for the gravimetric (i.e. by weighing) determination of the mass deposition rate of insoluble/soluble solids, ash/combustible matter, and total solids from ambient air. 

The method provides an estimate of the mean surface concentration of deposited matter settling from the air over a sampling period, typically of one month. Particulate matter deposition rates of 0.1 g/m2/month and above may be determined using a monthly sampling period. The sample obtained by the sampling procedure specified may be subjected to physical or chemical analysis.

Over a given sampling period, particles that settle from the ambient air are collected in a vessel and retained together with any rainwater. The sample is passed through a sieve to remove any extraneous matter (e.g. leaves, insects), and the sieved sample containing the deposited matter is transferred to a filtration apparatus. The insoluble and soluble materials are separated by filtration, and the mass of the dried insoluble solids is gravimetrically determined.

The ash and combustible matter content are determined by loss on ignition of the insoluble solids. Soluble solids are determined from the filtrate. The total solids are obtained by the addition of the insoluble solids and the soluble solids. The mass deposition rate of deposited matter is then calculated from the mass of solids obtained, the funnel cross-sectional area and the exposure period. (AS/NZS 3580.10:2016) 
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[bookmark: _Toc88759237]Figure 4 - Dust Deposition Gauge WVDD01

[bookmark: _Toc88759319]Directional Deposited Dust Monitoring

The Standard (AS/NZS 3580.10.2:2013) states that over a given period, particles which impinge on the vertical, internal surface of four collecting cylinders of the directional dust gauge are sampled in collecting pots at the bases of the cylinders. Refer to Figure 5.

The samples are passed through a sieve to remove any extraneous matter (e.g. leaves, insects), with the sieved sample containing the impinged matter subsequently transferred to a filtration apparatus. The insoluble and soluble materials are separated by filtration, and the mass of dried insoluble solids determined gravimetrically. Soluble solids are determined by evaporation of the filtrate and gravimetric analysis. 

The ash and combustible matter content are determined by loss on combustion of the insoluble solids. Total solids are obtained by the addition of the insoluble solids and the soluble solids. The mass flux rate of impinged matter for each collecting cylinder is calculated from the mass of solids obtained, the slot cross-sectional area and the exposure period.

A directional dust gauge consists of four vertical collecting cylinders, each with a slot of dimensions 45 mm by 340 mm, commencing approximately 10 mm from the top of the cylinder. The edges of each slot shall be at right angles to the width of the slot and not radial (see Figure 5). The cylinders shall be mounted at 90° to each other with the slots facing outwards. An easily detachable collecting pot shall be fitted to the bottom of each collecting cylinder. The combined length of a collecting cylinder and its attached collecting pot shall be at least 640 mm with the collecting pot having a capacity of approx. 1 L.

The collecting cylinders and pots shall be constructed of chemically resistant material such as polyvinyl chloride. The external diameter of the collecting cylinders shall be 75 mm. The collecting cylinders shall be located with their axes at the corners of a 150 mm square mounting plate. (AS/NZS 3580.10.2:2013)
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[bookmark: _Ref87301232][bookmark: _Toc88759238]Figure 5 - Directional Dust Deposition Gauge WVDG06

[bookmark: _Toc88759320]Metals/Metalloids Monitoring in Dust

The inclusion of the analysis of metals/metalloids in the dust samples assist in identify possible sources of contamination if present.

Analysis for insoluble matter, soluble matter and ash content was undertaken for the following:

· Arsenic
· Barium
· Manganese

It is understood that there are no specific threshold values for metals and metalloids in deposited dust either in the former Mining Licence or within the ERS. (CDM Smith, 2021)

[bookmark: _Toc88759321]Ash Content

Ash Content is the remaining material after the sample has been combusted in the laboratory. Ash content provides an indication of the mineral content (or soil dust) of the sample. The mineral content may be attributable to on site contributions, but may also be attributable to other sources such as agriculture, unsealed roads, etc.

[bookmark: _Toc88759322]Dust Monitoring Standards

Results were compared against relevant dust deposition rate criteria described by EPA Publication 1191  (2007), as shown below: 
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The following points apply to the criteria:

· Results of monitoring should not exceed 4g/m2/month (no more than 2g/m2/month above background) as a monthly average.
· The 2g/m2/month criteria are used when baseline data on deposited dust levels exist, while the 4g/m2/month criteria is used when no baseline data exists.
· The criteria refer to all sources of deposited matter (including sources from mines, agriculture, unsealed roads, etc) and cumulative impacts.
· The criteria states that in some cases, a mine may increase deposited dust levels by up to 2g/m2/month. However, the total deposited dust level (including sources from mines, agriculture, unsealed roads, etc) must not exceed 4g/m2/month.

Deposited matter (dust) can be used as an indicator of the effectiveness of site management practices and the potential for offsite nuisance (fugitive dust). Deposited dust monitoring, when conducted over a set time period, is useful for examining trends and evaluating deviation from long term trends with respect to site activities. 

[bookmark: _Toc88759323]Dust Monitoring Program

The current method of undertaking depositional dust monitoring is considered sufficient as the site is in care and maintenance i.e. no new pollution is being introduced to the site from industry. There is a considerable body of knowledge about the contamination level at the site, so all that is required at this stage is to determine whether this contamination is becoming air borne and becoming a health hazard or problem to the nearby landholders. Depositional dust monitoring provides a range of useful information to be able to understand what’s happening at this site and its surrounds. 

Depositional dust monitoring can provide the following invaluable information:

· test the effectiveness of dust minimisation, control and management measures 
· identify key problematic sources, or groups of sources on larger more complex sites
· identify where dust sensitivities may occur
· characterise temporal or spatial trends.
· metallic/metalloid concentrations useful for health effect considerations.

[bookmark: _Toc88759324]Dust Deposition Results
[bookmark: _Toc88759325][bookmark: _Toc8136420][bookmark: _Toc8137306][bookmark: _Toc8137501]Woodvale Evaporation Ponds – Q3 2021

Dust deposition analysis results are presented in Table 1 - Dust Deposition - Woodvale Evaporation Ponds.  Laboratory Certificates of Analysis are presented in Appendix B – Laboratory Reports.

A background monitoring site (WVDD07BG) was installed during September and is included in graphical display below. There is only one set of data from this background monitoring location, but more data will be available from this site for the Q4 2021 analysis.

Where results were reported as “less than” (<) a specified number (laboratory reporting limit) the number reported was adopted for use in the graphical displays. This approach adopts a conservative value for the number being reported.

[bookmark: _Toc88759326]4.1.1 Deposition of Total Insoluble Matter

Total Insoluble Matter (TIM) met the recommended criteria of <4 g/m2/month on 17 of 18 measurements during Q3 2021. See Figure 6 below. Dust deposition rate exceeded the assessment criteria at the site WVDD03, during August 2021 recording a result of 4.1 g/m2/month. When the data from all monitoring sites were averaged for Q3 2021, an average of 1.0 g/m2/month was recorded. This value is below the inferred background level suggested within the Mining PEM.
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[bookmark: _Ref87301473][bookmark: _Ref87344565][bookmark: _Toc88759239]Figure 6 - Woodvale - Total Insoluble Matter (TIM) - 3Q 2021
Red dotted line is the criteria used for the purpose of this report.

[image: ]
[bookmark: _Toc88759240]Figure 7 - Woodvale - Total Insoluble Matter (TIM) ) - Previous Data
(CDM Smith, 2021)
Figure 7 shows TIM from Q4 2018 and Q1 and Q2 2021. Comparison of Q3 data with these periods show that less exceedances of the recommended criteria level have occurred with only a single exceedance being observed in Q3 2021, compared to four in Q1 and Q2 2021. The overall average from all monitoring locations is also lower being 1.0 g/m2/month for Q3, compared to 2.0 g/m2/month for Q1 and Q2 2021.
[bookmark: _Toc88759327][bookmark: _Hlk87109462][bookmark: _Toc8136430][bookmark: _Toc8137316]4.1.2 Mineral Content in Dust

The fraction of dust measured as ash content is displayed below in Figure 8. As expected, the increased levels in TIM (in Figure 6) generally corresponds with total ash content in Figure 8. This suggests increases in TIM are influenced by elevated levels of mineral dust. The peak recorded in Figure 6 for August WVDD03 also appears in Figure 8, however this peak is only marginally above the criteria as shown in Figure 6.
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[bookmark: _Toc88759241]Figure 8  - Woodvale - Total Ash Content
An asterisk (*) has been placed over the samples which recorded as less than (<) the value x displayed on the graph.

To gain a general understanding of what proportion of the sample is ash content i.e. mineral dust, the ratio of total ash content and TIM has been plotted in Figure 9.
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[bookmark: _Ref87344835][bookmark: _Toc88759242]Figure 9 - Woodvale - Ash Content/TIM Ratio
An asterisk (*) has been placed over the samples which recorded as less than (<) the value x displayed on the graph.
[bookmark: _Toc88759328]4.1.3 Metals/Metalloids in Dust

Graphical presentations of soluble and insoluble metals (arsenic, barium and manganese) are provided in Section 9 of this report. Arsenic, barium and manganese concentrations for Q3 2021 were within historical ranges and results being comparable to or lower than results reported in the first half of 2021 in the CDM Smith report. 

To provide an understanding of total arsenic concentrations measured in dust relative to concentrations measured in soils within the region, total arsenic has been displayed below Figure 10 as mg/kg.  This is calculated by adding soluble and insoluble arsenic µg/m2/month divided by the total solids g/m2/month.

This ratio is being plotted because this provides a figure which could be compared to the figures quoted in the guideline, Contaminated Sites Management Series – Assessment Levels for Soil, Sediment and Water. The assessment level for soil for arsenic is 100 mg/kg for standard residential areas in this guideline.
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[bookmark: _Ref87301673][bookmark: _Toc88759243]Figure 10 - Woodvale - Total Arsenic/Total Solids - 3Q 2021
An asterisk (*) has been placed over the samples which recorded as less than (<) the value x displayed on the graph.

Total arsenic concentrations for Q3 ranged from 2.1 to 31.5 mg/kg with a mean of 9.6 mg/kg across all depositional monitoring sites. This is well below the 100 mg/kg assessment level mentioned above.

Furthermore, looking at the final bar (WVDD07BG - 12.1 mg/kg) in the graph in Figure 10, it appears that the arsenic concentrations are about the same as or below the background level for the area. This conclusion however is only preliminary as this interpretation is based on only one month of sampling at this control site. Further monitoring at the WVDD07BG control site is needed to confirm whether this interpretation is correct.  

There is no definitive pattern across the sites indicating that arsenic concentrations are unlikely to be influenced by a single source with multiple factors likely to be having an influence. Highest concentrations through the period were observed at WVDD04 (mean 14.3 mg/kg), WVDD05 (mean 16.8 mg/kg) and WVDD06 (mean 13.3 mg/kg). These figures are still well below the 100 mg/kg assessment level.
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[bookmark: _Toc88759244]Figure 11 - Woodvale - Total Arsenic/Total Solids - Previous Data
 An asterisk (*) has been placed over the samples which recorded as less than (<) the value x displayed on the graph.
(CDM Smith, 2021)

By comparing the graphs in Figures 10 and 11 above, it can be concluded that these results are generally in line with previous results and in fact the figures recorded for Q3 2021 were overall lower than the figures recorded in the first half of 2021 in the CDM Smith report. This could be interpreted as the dust from the Woodvale site may have been lower in Q3 2021 as compared to the first half of 2021.

The results from Q3 2021 confirms the previous conclusion that the arsenic concentration levels recorded in the dust samples are generally representative of the background arsenic levels in the area.
  
[bookmark: _Toc88759329]4.1.4 Woodvale Directional Dust Deposition

Results for directional dust deposition gauges are summarised in Table 2, with laboratory analytical results attached in Appendix B. As mentioned previously, for the purpose of continuity, the same approach for review of dust from the directional dust deposition gauges as in the CDM Smith report has been applied here for Q3 2021 results. 

The results from the northerly and southerly facing quadrants at the two directional dust deposition gauges WVDG03 (N) and WVDG05 (S) have been compared in Figure 12. Figure 12 shows the net gain or loss in dust deposition downwind of the site compared to upwind of the site, for both north and south facing quadrants in the two directional dust deposition gauges being considered here. 

From the graph below (Figure 12) it can be seen that no clear net increase in dust is observed through the Q3 2021 monitoring period with results varying from month to month. 
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[bookmark: _Ref87302315][bookmark: _Toc88759245]Figure 12 - Woodvale - Directional Dust Deposition Results - Total Solids

Similarly, the concentration of arsenic was compared using the same methodology as above, and it was found that low net increase and decreases occurred throughout the period with observed levels being less than what was observed in the first half of 2021. Figure 13 presents the net gain and loss in total arsenic (mg) downwind of the site compared to upwind of the site, for both north and south facing quadrants in the two directional dust deposition gauges being considered here.

Directional deposition dust results indicate that the site does not appear to be a source of increased arsenic levels which is consistent with the control site findings above.
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[bookmark: _Ref87303298][bookmark: _Toc88759246]Figure 13 - Woodvale - Directional Dust Deposition Results - Arsenic Concentrations
An asterisk (*) has been placed over the samples which recorded as less than (<) the value x displayed on the graph.
Note north facing gauge for September 2021 result = 0.0


[bookmark: _Toc88759330]Review of Quality Assurance and Quality Control

Field sampling was undertaken in accordance with the following Standards:

· Australian Standard AS/NZS 3580.10.1 (2016), Methods for Sampling and Analysis of Ambient Air - Determination of Particulate Matter – Deposited Matter – Gravimetric Method. (AS/NZS 3580.10.1)
· Australian Standard AS/NZS 3580.10.2 (2013), Methods for Sampling and Analysis of Ambient Air - Determination of Particulate Matter – Impinged Matter – Gravimetric Method. (AS/NZS 3580.10.2)
Sampling methodology and locations are consistent with sampling previously undertaken to maintain continuity and comparability of results. 

ALS Environmental Laboratory has NATA accreditation for the following Ambient Air Parameters:

[image: ]
[image: ]

ALS currently does not have NATA accreditation for metals analysis of ambient air but is in the process of gaining accreditation. Nevertheless, ALS is operating as though this accreditation is in place and expects to finalise the accreditation process in mid-2022.

Internal laboratory quality control measures note the following: 

· No Method Blank value outliers occurred.
· No laboratory control outliers occurred.
· No Matrix Spike (MS) or Matrix Spike Duplicate (MSD) results reported.
· No laboratory duplicate results reported.
· No holding time outliers occurred.
· No quality control sample frequency outliers occurred (based on NEPM 2013 B3 quality control specification).


[bookmark: _Toc88759331]Summary of Results

Results are discussed in detail throughout the relevant sections. In summary, the overall results for Q3 2021 were comparable to previous results or less than what was observed in the first half of 2021.

The key findings for Q3 2021 are as follows:

· There was only one instance where the dust level was marginally (i.e. 4.1 g/m2/month) over the 4 g/m2/month criteria used in this report.
· Arsenic, barium and manganese were within the historical ranges, and results being comparable to or lower than results reported in the first half of 2021 in the CDM report.
· The control site results from Q3 2021 confirm the previous observation that the arsenic concentration levels recorded in the dust samples are generally representative of the background arsenic levels in the area.
· The directional dust deposition gauge results for Q3 2021 show that, there is no clear net increase in dust or arsenic concentrations resulting from the Woodvale Evaporation Ponds, with results fluctuating from month to month.  
[bookmark: _Toc88759332]Further Considerations

During Q3 2021, ERR asked ALS to install one depositional gauge at an equivalent control site to gather background data, and two directional depositional dust gauges at the east and the west of the site to provide a more complete understanding of the spatial distribution of dust with different environmental considerations. These gauges have been installed, with benefits of having a control site is already evident in having some background figures the dust source data can be compared to. The next quarter of results (Q4 2021) will include further results from these new gauges. 

In addition to these new gauges, it is recommended that available meteorological data in the local area be accessed to further refine the analysis in future reports. In this quarter i.e. Q3 2021, the weather was favourable to keep the dust levels low with high rainfall observed. ERR has also advised that they will continue to monitor the site and ensure that a range of dust control measures are applied during this care and maintenance phase of the rehabilitation project reviewing the effectiveness of control measures and monitoring on an ongoing basis.
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[bookmark: _Ref87349997][bookmark: _Toc88657607]Table 1 - Dust Deposition - Woodvale Evaporation Ponds
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[bookmark: _Toc88657608]Table 2 - Woodvale Directional Dust Deposition, Location - WVDG03 (N) and WVDG05 (S)
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[bookmark: _Toc88759335]Supplementary Data

Graphs for Metals/Metalloids in Insoluble and Soluble Fractions.

[bookmark: _Toc88759336]Arsenic
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[bookmark: _Toc88759247]Figure 14 - Woodvale - Arsenic in Soluble Fraction
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[bookmark: _Toc88759248]Figure 15 - Woodvale - Arsenic in Insoluble Fraction
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[bookmark: _Toc88759249]Figure 16 - Woodvale - Barium in Soluble Fraction
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[bookmark: _Toc88759250]Figure 17 - Woodvale - Barium in Insoluble Fraction
An asterisk (*) has been placed over the samples which recorded as less than (<) the value x displayed on the graph.


[bookmark: _Toc88759338]Manganese
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[bookmark: _Toc88759251]Figure 18 - Woodvale - Manganese in Soluble Fraction
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[bookmark: _Toc88759252]Figure 19 - Woodvale - Manganese in Insoluble Fraction



[bookmark: _Toc88759339]Appendix A – Supplementary Information
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[bookmark: _Toc88759340]Appendix B – Laboratory Reports
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Description Location Quarter Month Lab Report Number

WVDD05 (Insoluble) WVDD05 Q3 2021 Jul-21 EM2115847 53.9 29.9 2.22

Aug-21 EM2117608 <71.9 78 2.82

Sep-21 EM2119726 <55.0 58 1.98

WVDD05 (Soluble) WVDD05 Q3 2021 Jul-21 EM2115847 106 302 49.6

Aug-21 EM2117608 210 885 50.2

Sep-21 EM2119726 106 335 5.36

WVDD05 (Ash) WVDD05 Q3 2021 Jul-21 EM2115847 71.5 51.3 5.17

Aug-21 EM2117608 <71.9 55.5 2.09

Sep-21 EM2119726 <55.0 30 1.88

WVDD05 WVDD05 Q3 2021 Jul-21 EM2115847 3.1 56 2.3 41 0.7 13 0.1 2 0.8 15

Aug-21 EM2117608 4.9 88 4 72 0.7 13 0.2 3 0.9 16

Sep-21 EM2119726 0.6 10 0.4 7 0.1 1 0.1 2 0.2 3

WVDD06 (Insoluble) WVDD06 Q3 2021 Jul-21 EM2115847 <94.1 46.4 2.98

Aug-21 EM2117608 <58.8 39.7 1.85

Sep-21 EM2119726 52.4 89.5 4.58

WVDD06 (Soluble) WVDD06 Q3 2021 Jul-21 EM2115847 239 322 6.61

Aug-21 EM2117608 118 198 4.88

Sep-21 EM2119726 385 423 8.06

WVDD06 (Ash) WVDD06 Q3 2021 Jul-21 EM2115847 <94.1 54.5 3.88

Aug-21 EM2117608 <58.8 27.8 1.76

Sep-21 EM2119726 18.3 27.3 3.21

WVDD06 WVDD06 Q3 2021 Jul-21 EM2115847 2.3 42 1.2 22 0.8 15 0.2 4 1.1 20

Aug-21 EM2117608 0.9 17 0.3 6 0.3 6 0.3 5 0.6 11

Sep-21 EM2119726 5.7 106 5.5 103 <0.1 <1 0.2 3 0.2 3

WVDD07BG (Insoluble)WVDD07BGQ3 2021 Sep-21 EM2119726 135 340 2.47

WVDD07BG (Soluble)WVDD07BGQ3 2021 Sep-21 EM2119726 53.6 118 2.36

WVDD07BG (Ash) WVDD07BGQ3 2021 Sep-21 EM2119726 52.4 45.6 2.15

WVDD07BG  WVDD07BGQ3 2021 Sep-21 EM2119726 0.4 6 0.2 3 0.1 2 <0.1 1 0.2 3
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Description Location Quarter Month Lab Report Number

WVDG03E (Insoluble) WVDG03E Q3 2021 Jul-21 EM2115843 52.8 17.1 <3.90

Aug-21 EM2117554 60.6 15.7 0.436

Sep-21 EM2119726 18 9.47 1.37

WVDG03E (Soluble) WVDG03E Q3 2021 Jul-21 EM2115843 0.931 1.05 0.242

Aug-21 EM2117554 21.6 8.96 0.246

Sep-21 EM2119726 17.8 4.56 0.18

WVDG03E (Ash) WVDG03E Q3 2021 Jul-21 EM2115843 24.5 15.1 <3.90

Aug-21 EM2117554 40.2 10.1 0.375

Sep-21 EM2119726 9.08 5.72 0.864

WVDG03E WVDG03E Q3 2021 Jul-21 EM2115843 12 0.8 0.7 10 0.1 2 <0.1 <1 33 2.2

Aug-21 EM2117554 5 0.3 0.1 2 0.2 3 0.1 2 <1 <0.1

Sep-21 EM2119726 7 0.4 0.1 2 0.3 5 0.1 2 <1 <0.1

WVDG03N (Insoluble) WVDG03N Q3 2021 Jul-21 EM2115843 <35.4 29 <3.80

Aug-21 EM2117554 790 16.9 1.48

Sep-21 EM2119726 27.3 17.7 <0.460

WVDG03N (Soluble) WVDG03N Q3 2021 Jul-21 EM2115843 14.3 70.7 4.79

Aug-21 EM2117554 40.7 10.2 0.077

Sep-21 EM2119726 34.6 13.4 0.366

WVDG03N (Ash) WVDG03N Q3 2021 Jul-21 EM2115843 <35.4 33.2 <3.80

Aug-21 EM2117554 213 6.18 0.379

Sep-21 EM2119726 22.4 10.7 <0.460

WVDG03N WVDG03N Q3 2021 Jul-21 EM2115843 21 1.4 0.7 11 0.7 10 0.6 9 2 0.1

Aug-21 EM2117554 3 0.2 0.1 1 0.1 2 0.1 <1 <1 <0.1

Sep-21 EM2119726 17 1 0.3 5 0.7 12 0.3 5 <1 <0.1
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Description Location Quarter Month Lab Report Number

WVDG03S (Insoluble) WVDG03S Q3 2021 Jul-21 EM2115843 35.2 12 1.84

Aug-21 EM2117554 19.4 14.1 0.464

Sep-21 EM2119726 11.7 9.9 <0.175

WVDG03S (Soluble) WVDG03S Q3 2021 Jul-21 EM2115843 12.9 9.69 1.21

Aug-21 EM2117554 15 9.93 0.066

Sep-21 EM2119726 10.5 2.57 <0.05

WVDG03S (Ash) WVDG03S Q3 2021 Jul-21 EM2115843 19 10.7 1.66

Aug-21 EM2117554 13.6 8.51 0.289

Sep-21 EM2119726 9.16 5.4 <0.175

WVDG03S WVDG03S Q3 2021 Jul-21 EM2115843 21 1.4 1 15 0.4 6 <0.1 <1 111 7.2

Aug-21 EM2117554 4 0.2 <0.1 <1 0.2 4 <0.1 <1 <1 <0.1

Sep-21 EM2119726 11 0.7 0.6 9 0.1 2 0.6 9 <1 <0.1

WVDG03W (Insoluble) WVDG03W Q3 2021 Jul-21 EM2115843 26.1 27.3 2.63

Aug-21 EM2117554 22.8 11.3 0.609

Sep-21 EM2119726 <22.3 19.2 <0.990

WVDG03W (Soluble) WVDG03W Q3 2021 Jul-21 EM2115843 0.839 0.649 0.235

Aug-21 EM2117554 15.2 7.65 <0.05

Sep-21 EM2119726 12.8 3.01 <0.05

WVDG03W (Ash) WVDG03W Q3 2021 Jul-21 EM2115843 28.5 14.2 1.39

Aug-21 EM2117554 11.7 7.4 0.243

Sep-21 EM2119726 <22.3 14.3 <0.990

WVDG03W WVDG03W Q3 2021 Jul-21 EM2115843 18 1.2 1.1 17 0.1 1 1 15 2 0.1

Aug-21 EM2117554 9 0.6 <0.1 <1 0.6 9 <0.1 <1 <1 <0.1

Sep-21 EM2119726 9 0.5 0.5 8 <0.1 1 0.5 8 <1 <0.1
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Description Location Quarter Month Lab Report Number

WVDG05E (Insoluble) WVDG05E Q3 2021 Jul-21 EM2115843 17.6 9.07 8.69

Aug-21 EM2117554 17.7 8.93 <0.480

Sep-21 EM2119726 <16.4 6.82 <0.290

WVDG05E (Soluble) WVDG05E Q3 2021 Jul-21 EM2115843 17.4 9.59 1.09

Aug-21 EM2117554 14.6 5.73 <0.05

Sep-21 EM2119726 10.6 3.05 0.154

WVDG05E (Ash) WVDG05E Q3 2021 Jul-21 EM2115843 12.7 4.18 0.582

Aug-21 EM2117554 8.51 5.28 <0.480

Sep-21 EM2119726 <16.4 3.34 <0.290

WVDG05E WVDG05E Q3 2021 Jul-21 EM2115843 13 0.8 0.7 11 0.1 2 0.7 11 <1 <0.1

Aug-21 EM2117554 4 0.3 0.1 1 0.2 3 0.1 1 <1 <0.1

Sep-21 EM2119726 4 0.2 0.2 3 <0.1 1 0.2 3 <1 <0.1

WVDG05N (Insoluble) WVDG05N Q3 2021 Jul-21 EM2115843 30.1 40.7 2.64

Aug-21 EM2117554 19 11.7 0.407

Sep-21 EM2119726 <18.5 47.7 0.796

WVDG05N (Soluble) WVDG05N Q3 2021 Jul-21 EM2115843 21.1 72.4 14.6

Aug-21 EM2117554 14.4 7.18 0.268

Sep-21 EM2119726 15.9 4.96 0.398

WVDG05N (Ash) WVDG05N Q3 2021 Jul-21 EM2115843 30.6 19.7 1.4

Aug-21 EM2117554 10.7 9.14 0.355

Sep-21 EM2119726 <18.5 9.43 0.751

WVDG05N WVDG05N Q3 2021 Jul-21 EM2115843 29 1.9 1.1 17 0.8 12 1 16 1 <0.1

Aug-21 EM2117554 7 0.5 0.1 1 0.4 6 0.1 1 <1 <0.1

Sep-21 EM2119726 8 0.4 0.4 7 <0.1 1 0.4 7 <1 <0.1
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Description Location Quarter Month Lab Report Number

WVDG05S (Insoluble) WVDG05S Q3 2021 Jul-21 EM2115843 30.3 7.12 0.502

Aug-21 EM2117554 16.8 7.16 0.252

Sep-21 EM2119726 <26.1 26.9 <0.910

WVDG05S (Soluble) WVDG05S Q3 2021 Jul-21 EM2115843 9.34 8.19 1.03

Aug-21 EM2117554 11.7 5.62 <0.05

Sep-21 EM2119726 14 33.3 1.67

WVDG05S (Ash) WVDG05S Q3 2021 Jul-21 EM2115843 0.813 0.389 <0.05

Aug-21 EM2117554 8.26 2.72 0.191

Sep-21 EM2119726 <26.1 19.9 <0.910

WVDG05S WVDG05S Q3 2021 Jul-21 EM2115843 12 0.7 0.7 11 <0.1 1 0.6 10 <1 <0.1

Aug-21 EM2117554 6 0.4 0.1 1 0.3 5 0.1 1 <1 <0.1

Sep-21 EM2119726 7 0.4 0.3 5 0.1 2 0.2 4 <1 <0.1

WVDG05W (Insoluble) WVDG05W Q3 2021 Jul-21 EM2115843 47.9 36.4 1.39

Aug-21 EM2117554 18.7 8.64 0.355

Sep-21 EM2119726 <25.6 19.6 <0.491

WVDG05W (Soluble) WVDG05W Q3 2021 Jul-21 EM2115843 1.52 14.9 0.374

Aug-21 EM2117554 14.4 6.1 <0.05

Sep-21 EM2119726 1.93 3.43 0.127

WVDG05W (Ash) WVDG05W Q3 2021 Jul-21 EM2115843 39.5 33.2 0.912

Aug-21 EM2117554 7.44 4.67 0.166

Sep-21 EM2119726 <25.6 15 <0.491

WVDG05W WVDG05W Q3 2021 Jul-21 EM2115843 20 1.3 1.2 18 0.1 2 1.1 17 <1 <0.1

Aug-21 EM2117554 2 0.2 0.1 1 0.1 1 0.1 1 <1 <0.1

Sep-21 EM2119726 6 0.4 0.3 5 0.1 1 0.3 4 <1 <0.1

EQL
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Analysis Holding Time Compliance

1 sample are identfed below as having been analysed or extracted outside of ecommended hokding Smes, this shouid b taken nfo consideraton when inerpreing resus.

s repart extraction | preparation and_anaysis tmes and compares each wih ALS recommended holding times (referencing USEPA SW 846, APHA, AS and NEPM) based on the sample. container
provided. Dates reparted represent st date of extraction or analysis and preciude subseauent ditions and renns. A lising of breaches (1 an) is provided hercin

Holding time for leachate. methods (eg. TCLP) vary according fo the analies reporied.  Asscssment compares the leach date wih the shortest analyte holding ime for the cquivalert soil method. These are: organics.
14 days, mercury 28 days & ofher metals 180 days. A recorded breach docs ot guarantee a breach for ll non-volatle parameters.

Holding tmes for VOC in_soils vary according to analyies of interest. Vinyl Chlorde and Styrene holding fime is 7 days; ofhers 14days. A recorded breach does not guaranice a breach for @l VOC anaytes and
Shou be vertfed n case the reporied each i a false posive o Viny|Chioride and Styrene are no key analtes of nteresconcem.
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Dust Gauge - Unpreserved (EA1201)

WVDGO3N, WUDGO3E, 309ut2021 — — — | teAugazt | 25van2022 v
WyDGD3S, WyDGIIW,
WVDGOSN, WUDGOSE,
WyDGDSS, W/DGOSW

[ ———
ust Gauge - Unpreserved (EA1251)

‘

WVDGO3N, WUDGO3E, 309ut2021 — — — | teAugazt | 25van2022 v
WyDGD3S, WyDGIIW,
WVDGOSN, WUDGOSE,
WyDGDSS, W/DGOSW
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WVDGO3N, WUDGO3E, 309ut2021 — — — | teAugazt | 25van2022 v
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‘Dust Gauge - Unpreserved (EA141)
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Brief Method Summaries

“The analytical procedures used by the Environmental Division have been developed rom estabiished intemationally recogrized procedures such as those pubished by the US EPA, APHA, AS and NEPM. In house:
eveloped procedures are employed in the absence of documented standards or by clent request. The following report provides brief descriptons of the analytical procedures employed for resultsreported in e
Certfcate of Analysi. Sotrces from which ALS methods have been developed are provided withinthe Method Descripions.

I house? Referenced to AS 3580.10.2. A gravimetric procedure reporting Ash content in deposited Gust
AR Inhouse: Referenced to AS 3580.10.2. A gravimetic procedure reporting Combustible Matter in deposited dust.

Total Soluble Matter (SW) AR Inhouse Referenced to AS 3580.10.2. A gravimelric procedure reporting Soluble Soids in deposted dust

Total Insoluble Mater (TIN) Eatatl AR [In house: Referenced to AS 3580.10.2. A gravimeric procedure reporting TotalInsoluble solds n deposted
dust

Total Soids (TS) X AR [In house’ Referenced to AS 3580 10.2. A gravimelric procedure reporing Total Soids in deposited dust

“Total Metals - ICP-WS (mass/ier) *Fammic AR In nouse: Referenced to APHA 3125; USEPA SW846, 6020 (ICPMS) Metals in Dust residue are quantiied by
ICPMS and reported as ug of the TIM.
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Project M214340 ALS
General Comments

The analyical procedures used by ALS have been developed from established infemationally recognised procedures such as those pubished by the USEPA APHA, AS and NEPM. In house developed procedures
are fully vaidated and are often at the cient request.

‘Where moisture determination has been performed, resuls arereporied on a dry weight basis.
Where a reporied less than (<) result is igher than the LOR, this may be due fo primary sample exractidgestate diufion andior insufficent sample for analysis. Where the LOR of a reported result diflers from
Standard LOR, this may be due to high moisturs content, insuficient sample (reduced weight employed) or matrix interference.

Key ‘Anonymous = Refers to samples which are not specifclly par of this wark order but formed partof the GC processlot
(CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Absiracts Service is a division of the American Chernical Society.

Laboratory Duplicate (DUP) Report

The qualy control temn Laboratory Duplicate refers 1o a randomly selected infralaboratory spit. Laboratory dupiicates provide  informaton regarding method precision and sample. heferogeneiy. The pemitied ranges
for the Relative Percent Deviation (RPD) of Laboratory Dupicates are speciied in ALS Method QWI-EN38 and are dependent on the magnitude of results in comparison o the level of reporing: Result < 10 fimes LOR:
No Limit; Result between 10 and 20 6mes LOR: 0% - S0% Result > 20 times LOR: 0% - 20%.

= No Laboratory Duplicate (DUP) Results are required to be reported.
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Project M214340 ALS

Analytical Results

‘SubMatriv: DUST Sample ID. WVDGO3S. WVDGOIW WVDGOSN WVDGOSE WVDGO5S

(Matrix: AIR) soluble metals. soluble metals. ‘soluble metals. ‘soluble metals soluble metals.
‘Sampiing date /me | 30-Aug-2021 00:00 30-Aug-2021 00:00 30-Aug-202100:00 30-Aug:2021 00:00 30-Aug:2021 00:00

Compound. GAS Number | LOR. unit Em2117550011 Em2117550012 EMz117554.014 Em2117558.015

Resut Resut

oArsenic 7440382 005 | pgimontr 0085 <005 0268 <005 <005

oBarium. 7440383| 005 | pgintmontr 150 152 10 s "y

oManganese 7439965 005 | pgiemontn 53 785 718 B3 562
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‘Analytical Results
‘Sub-Matrix: DUST. Sample ID WVDGOSN 'WVDGOSE WVDGO5S 'WVDGOSW —
(Matrix: AIR) insoluble metals insoluble metals insoluble metals insoluble metals

Samplng date /e | 30-Aug:2021 0000 304092021 0000 304092021 0000 2040920210000 -
Compaund CasNumoer| LOR | unt emarirsseaz watirsseon emarirssiaz ewarrrsseoae

Rt Rt Rt E= =

EGO20T: Total
oArsenic Tai0352| 005 | pgmemonin 07 ) 0% 035
oBarium 740383 005 | oo w0 e Tes 17
oManganese 7435055 005 | pgmonin e s [0 [
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