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1 INTRODUCTION

As part of the Fortescue Metals Group’s (FMG) commitment to the environment, the Life of Mine

Geochemistry Programme has been commissioned to continue evaluating the potential for acid and

metalliferous drainage at the Cloudbreak and Christmas Creek mines at the Chichester Hub and the

Kings and Firetail mines at the Solomon Hub (Solomon) with a coordinated and standardised approach.

All methods and sample volumes are given in detail in the Acid and Metalliferous Drainage Sampling

Plan (Tetra Tech 2014a).

As part of this programme several tailings samples have been collected and analysed from Solomon.

These samples are presented here with the aim of evaluating the feasibility for Inpit Tailings disposal at

Solomon. Trigger values are applicable for Kings and Firetail mining areas, and tailings samples are

assumed to be representative of ore processing from both mines.

1.1 Scope of works

This report has been prepared to assess the suitability of tailings material for disposal to an inpit

tailings storage facility (TSF) at Solomon. In order to assess the potential for supernatant or leachate to

detrimentally affect the groundwater and environment it was required that site-specific trigger values

be established. The scope of this investigation covers the following:

 Assessment of the Solomon databases of groundwater analytical and monitoring data;

 Statistical analysis of Solomon catchment chemistry to determine if groundwater regions are

distinct and whether they require separate sets of trigger values;

 Variability assessment to determine statistical similarity between catchments;

 Quality assessment of database and exclusion of outliers;

 Establishment of analytical ranges for groundwater parameters;

 Establishment of low risk trigger values and investigation trigger values;

 Comparison of trigger values to existing reference standards and hardness modifiers;

 Geochemical analysis of tailings from the Solomon Kings Mine ore processing facility (OPF);

 Comparison of tailings analyses to standards; and

 Determination of the feasibility of inpit tailings disposal at Solomon.
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2 EXISTING ENVIRONMENT

2.1 Geology

The dominant lithology of the Firetail project is the Brockman Iron Formation which consists of the

Dales Gorge Member, Whaleback Shale Member and Joffre Member banded iron formation (BIF),

shales and cherts (Environ 2005). The Kings and Queens iron ore deposits were predominantly

formed during the Tertiary period, where weathering and erosion of the Brockman Iron Formation

deposited iron rich materials into incised palaeochannels or Channel Iron Deposits (CID) (FMG 2010).

2.2 Hydrogeology

Three main aquifer types affect the quality of the groundwater considerably at Solomon. The

unconsolidated sedimentary aquifers are comprised of alluvial, colluvial and detrital deposits associated

with valley fills. Groundwater quality is fresh to marginal ranging between 200 – 1,000 mg/L total

dissolved solids (TDS). Calcrete deposits originated from carbonate precipitation at palaeo-water

tables and channel iron deposit (CID) aquifers comprised of chemically enriched weathered BIF and

fluvial deposits. Yields from the calcrete and CID are high and groundwater ranges in quality from

fresh to marginal. The Paraburdoo Member of the Wittenoom Formation or Wittenoom Dolomite

underlies the valley fill deposits. Groundwater quality is fresh to marginal and ranges from 150 mg/L to

1,500 mg/L TDS (WRC 2001).

3 SITE SPECIFIC TRIGGER VALUES

Site specific trigger values for Solomon have been generated from the entirety of the groundwater

quality database collected. The following sections detail how the trigger limits have been determined.

3.1 Statistical method

Ambient water quality typically varies spatially and temporally at individual points as a result of natural

system conditions. While a minimum of one upgradient monitoring point is required to determine

background water quality, in complex situations or large operations more than one upgradient point

may be needed to characterise spatial variability accurately. Ideally baseline water quality should be

established prior to mining disturbance, however if this data is not available, baseline quality can be

estimated from upgradient concentrations. Water quality is influenced by depth, thickness and

lithology of units, as well as hydraulic conductivity, permeability and topography.

Groundwater water quality data should be collected and compared to the ANZECC 95% of Species

Limit of Protection (SLP) for fresh water systems to determine the relevance of these limits (DOW

2013). In some areas the surface water and groundwater in the Pilbara can be of marginal to saline

quality, and may not meet the 95% SLP trigger values (TVs), even after trigger values have been

modified for high (>30 mg CaCO₃/L) water hardness (ANZECC & ARMCANZ 2000a). If the

undisturbed/upgradient water quality exceeds the 95% SLP then site specific limits should be

established.

According to the ANZECC & ARMCANZ (2000b) guidelines, a baseline data set should be established

with a “minimum of two years of contiguous monthly data at the reference site before a valid trigger

value can be generated”. Until this minimum data requirement has been established, comparison of the
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operations. Downgradient bores can be used as reference sites for all data collected before mining

operations are likely to have caused an effect on the groundwater quality at that reference site.

3.2 Catchment areas

In order to assess whether groundwater quality varied significantly over the whole Solomon mining

area, bores, for which chemistry data was available, were grouped into catchment areas. Surface

catchments were used as a basis for this instead of groundwater divides since groundwater flow is

assumed to mimic topography in the valley fill deposits and there is not enough hydrogeologic data to

delineate groundwater divides accurately. The groundwater analyses were then assessed in these

groupings to determine whether the catchment areas have different groundwater types.

Catchment areas at Solomon were defined based on information from previous hydrogeological

reports (MWH 2010) and bores, for which groundwater chemistry data is available, were grouped into

six areas, namely: Queens, Trinity, Airport, Kings, Kangeenarina and Zion. These are shown in

Figure 2. The grouping of some bores in the Zion catchment may be inexact with respect to the actual

positions of groundwater divides, as the number of bores for which analytical results are available, are

too few, statistically, to be an independent grouping. Bores with chemistry data are shown as points

on the figure and colour coded per catchment. Additional bores, not shown on this figure, indicate

bores. A larger database, for which only water level, pH or EC data was available, was assessed

separately to determine whether any differences in groundwater quality over time, or depth could be

ascertained.
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4 TRIGGER VALUE DETERMINATION

4.1 Catchment differences

The bores with chemistry data were divided into six catchment areas labelled: Queens, Trinity,

Airport, Kings, Kangeenarina and Zion with any bores not in these regions were labelled as Outside

the mining area.

4.1.1 Water level, pH and Salinity

The large database comprising just water levels, pH and electrical conductivity (EC /salinity)

measurements was divided into the previously defined catchment areas and assessed to determine if

there are any spatial or temporal differences evident. Figure 3 gives the water level measurements

plotted against EC per catchment to determine whether there is any discernible variation in salinity

with depth to indicate separate, unconnected aquifer systems (Airport and Outside catchments not

shown, see Appendix A). These figures do not indicate a discernible difference in EC with depth

suggesting that the aquifers at Solomon are interconnected.

Figure 4 shows the variation in salinity over time. No discernible difference in salinity per catchment

over time is apparent. The salinity was also plotted by sampling date for each of the bores for which

three or more measurements exists (n=205), to determine whether any bores have shown an

observable difference since mining began. A portion of these figures, with the largest amount of data

are shown in Appendix A. Approximately 83% of the bores did not show any significant correlation

(>0.90) with sampling date. Twenty-four (12 %) of the bores showed a moderate correlation (>0.75)

between increasing salinity and time, while 35 bores (17 %) showed a moderate correlation (>0.75)

between decreasing salinity and time. Further data analysis would be required to determine whether

there is a relationship between these apparent changes in salinity and to mining activities, such as

dewatering or abstraction. Note: no assessment as to the magnitude of salinity changes over time is

given in determining correlation of salinity with time.

Figure 5 shows the pH against the sampling date. No discernible difference in pH is apparent over

time. It is worthwhile noting that in the figure of pH against time for the bores Outside the catchment

area in Appendix A, several measurements of groundwater pH between 2.8-4.2 were measured

between 2008 and 2010 in 12 Mile Bore (Figure A-3). While this bore is a relatively large distance

outside the mining area, being approximately 36 km northwest of Solomon, and is unlikely to be

affected by Solomon operations it may be worthwhile to conduct further investigation into this acidic

groundwater.
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Figure 3: Solomon groundwater water level against EC by catchment
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Figure 4: Solomon groundwater EC against sampling date by catchment
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Figure 5: Solomon groundwater pH against sampling date by catchment
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4.1.1 Major ions

The primary database of groundwater analyses comprises 167 bores sampled between 20 August 2007

and the most recent sampling conducted by Tetra Tech at Solomon on 11 July 2014 for a total of 315

analyses. The salinity (EC) and major ions for this database are given in Figure 6 and Figure 7 for each

catchment area (bores Outside the mining area, e.g.: along the railway line to the east, are excluded

and given in Appendix A). The shaded bars show the majority of analyses within the 25th-75th

percentiles. The red and green cross-bars show the maximum and minimum values respectively, and

the blue points indicate the mean values. In many instances the major ion data by catchment

populations are skewed by individual high outliers in the data, as can be seen by relatively small ranges

and a mean that plots above 75th percentile (e.g., Cl and K for the Kings catchment).

The outliers, strong outliers and 99th percentile values were determined for the database. Outliers
were calculated based on the interquartile range (IQR) = Q3 – Q1 (75th percentile – 25th percentile)
where:

Upper Outliers = Q3+ 1.5 x IQR
Strong Upper Outliers = Q3 + 3 x IQR

Many analyses contained values greater the Strong Upper Outliers and it was determined to exclude

analyses from bores considered to be in the Outside mining area catchment. A number (5) of other

analyses were excluded where many ion and metal concentrations were extremely high, greater than

the 99th percentile. Following this, individual element outliers were excluded above the 99th percentile,

especially for metals where poor filtration or sampling techniques commonly, adversely affect the

quality of the data.

Following the exclusion of outliers, the statistical differences in the mean for the salinity or EC was

calculated. The null hypothesis, which in this statistical inference refers to the position that there is a

relationship between two population means, was determined for the EC between all the catchments to

determine whether the water quality in each catchment was the same.

Table 1: Statistical difference between catchment salinity means

T-Test for EC Airport Kangeenarina Kings Queens Trinity

Kangeenarina X - - - -

Kings X  - - -
Queens X   - -

Trinity X X X X -
Zion     
 Null hypothesis accepted by T-Test – Means are statistically the same

X Null hypothesis rejected by T-Test – Means are statistically different

While the means of the Airport and Trinity catchments are higher and lower, respectively, than the

other catchments (Figure 6) and considered to be statistically different, it was decided that the major

ion differences as seen in Figures 7 and 8 are not great enough and that analyses from these

catchments would not be excluded from the determination of trigger values.
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Figure 6: Solomon groundwater EC range for laboratory analyses (outliers excluded)
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Figure 7: Solomon groundwater major ions by catchment (outliers included)
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Figure 8: Solomon groundwater major ions by catchment – piper plot (outliers included)
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4.2 Trigger values

Figure 9 shows the range of element concentrations (excluding metals modified for hardness). Several

element populations have 25th-75th percentile ranges that are too thin to see clearly on the graph. This

indicates that the majority of the data equals one value which indicates that these concentrations are

below the detection limits, for all but a few detected values. From the range of data it has been

determined that the Investigation Trigger Value (ITV) should be derived from the 95th percentile of the

data.

The Low Risk Trigger Values (LRTV), derived from the 80th percentile, and the ITV derived from 95th

percentile, are given for major ions, EC, and pH in Table 2 and for elements in Table 3. For pH there is

also a lower boundary which is given for the 20th (LRTV) and 5th percentile (ITV) of the data. Where

all analyses are below the detection limit, or the 80th or 90th percentile has been calculated as half the

detection limit, then the actual detection limit will be used as the trigger value to avoid the scenario

where the trigger value is below what is possible to analyse for.

Table 2: Proposed Solomon trigger values for major ions, EC, and pH

Concentration
(mg/L)

pH
(263)

EC (mS/m)
(262)

HCO
(261)

Ca
(260)

Cl
(262)

K
(262)

Mg
(260)

Na
(262)

SO
(255)

LRTV: 80th % 6.6 - 7.6 45 125 23 58 9.0 23 39 41

ITV: 95th % 6.2 - 7.9 101 298 68 127 13 48 74 75

Table 3 also includes the 95% Species Limit of Protection (SLP). Where the 95% SLP is higher than the

ITV, as indicated by green italicised values, the 95% SLP will be the Investigation limit. There are

insufficient analyses to have confidence in the limits for antimony (Sb) and uranium (U) and as a result

they are given here (in grey) as being provisional only, requiring more samples to confirm.

Table 3: Proposed Solomon trigger values for elements

Concentration
(mg/L)

Al
(218)

As
(227)

B
(225)

Ba
(224)

Be
(105)

Co
(103)

F
(125)

Fe
(234)

Hg
(228)

LRTV: 80th % 0.010 0.0010 0.19 0.050 0.0010 0.0010 0.30 0.090 0.00010

ITV: 95th % 0.050 0.0030 0.42 0.17 0.0010 0.0025 0.68 0.46 0.00010

95% SLP 0.055 0.024 0.37 - - - - 0.30 0.00060

Concentration
(mg/L)

Mn
(225)

Mo
(134)

NO
(217)

Sb
(16)

Se
(207)

Sn
(32)

Sr
(102)

U
(9)

V
(96)

LRTV: 80th % 0.070 0.0010 8.1 (0.0010) 0.010 0.0010 0.14 (0.00074) 0.010

ITV: 95th % 0.54 0.010 22 (0.025) 0.010 0.012 0.19 (0.0032) 0.010
95% SLP 1.9 0.034 - 0.0090 0.011 0.0030 - 0.00050 0.0060

The concentration ranges for metals where the limits are modified for hardness are given in Figure 10.

Table 4 gives the LRTV, the 95th percentile and several calculated Hardness Modified Trigger Values

(HMTV), as per the ANZECC guidelines, for hardness values between 100 and 700 mg CaCO₃/L. As

can be seen the HMTVs calculated for a hardness of 200 mg CaCO₃/L are in four instances greater

than the 95th percentile of monitoring data. As these ANZECC guideline trigger values are greater

than the analytical data it is proposed that the Investigation Trigger Values for cadmium, chromium,

copper, nickel, and lead should correspond to the HMTVs, while the limits for zinc should correspond

to the 95th percentile if the hardness is less than 200 mg/L as CaCO₃.
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Table 6: Final proposed trigger values for Solomon groundwater (mg/L where applicable)

Parameter
95% of Species Limit of
Protection (95% SLP)

Low Risk Trigger
Values (LRTV)

Investigation Trigger
Values (ITV)

pH 6.5 – 8.5 6.4 – 7.6 6.2 – 7.9
EC (mS/m) - 45 103

Alkalinity as CaCO₃ - 410 977
Hardness as CaCO₃ - 146 370

Ag 0.00005 (0.00010) (0.00010)
Al 0.055 0.010 0.050

As(III) 0.024 0.0010 0.0030
B 0.37 0.19 0.42
Ba - 0.050 0.17
Be 0.00013§ 0.0010 0.0010
Bi 0.0007§ (0.00010) (0.00010)
Ca - 23 68
Cd 0.0002* 0.00010 0.0011*
Ce - (0.00050) (0.00050)
Cl - 58 127
Co 0.0028 0.0010 0.0025
Cr 0.001* 0.0010 0.0047*
Cs - (0.00072) (0.0049)
Cu 0.0014* 0.0025 0.0070*
F - 0.30 0.68
Fe 0.3§ 0.090 0.46

HCO₃ - 125 298
Hg 0.0006 0.00010 0.00010
K - 9.0 13
La - (0.0050) (0.0050)
Li - (0.011) (0.054)
Mg - 23 48
Mn 1.9 0.070 0.54
Mo 0.034§ 0.0010 0.010
Na - 39 74
Ni 0.011* 0.0030 0.055*

NO₃ - 8.1 22
P - (0.10) (0.10)

Pb 0.0034* 0.0010 0.038*
Rb - (0.027) (0.044)

SO - 41 75
Sb 0.009§ (0.0010) (0.025)
Sc - (0.00050) (0.00050)
Se 0.011 0.010 0.010
Sn 0.003§ 0.0010 0.012
Sr - 0.14 0.19
Th - (0.00010) (0.00010)
Ti - (0.00050) (0.00050)
Tl 0.00003§ (0.00010) (0.00010)
U 0.0005 (0.00074) (0.0032)
V 0.006 0.0050 0.0050
W - (0.0020) (0.0020)
Zn 0.0080* 0.027 0.088*

Where ANZECC 95% SLP is higher than ITV, values are underlined; *If hardness >200 mg CaCO₃/L, ITV must be
recalculated; § Low Reliability Limit; (Provisional) trigger values requiring more analyses for confirmation
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5 ANALYTICAL METHODS

Tailings samples have been analysed by the following methods, described in detail in the next section:

 Acid-Base Accounting (ABA) to ascertain whether materials will generate drainage that is neutral,

alkaline, or acidic on weathering.

 Total metal concentration to ascertain if waste material is enriched by comparison with average

abundances with respect to elements that may have a negative impact on the environment, if they

are leached. The type of mineral in which an element occurs, grain size, temperature and moisture

determine the rate of weathering.

 Soluble elements are determined by short-term leaching tests to determine what elements are

immediately available on contact with water.

5.1 Acid base accounting

Acid Base Accounting (ABA) of a waste material evaluates the difference between maximum potential

acidity (MPA), which is the whole rock total sulfur (TS) concentration, expressed in kg H₂SO₄/t, and

acid-neutralising capacity (ANC), also expressed as kg H₂SO₄/t. In mining this equates to the oxidation

of acid generating sulfide minerals (e.g. pyrite) against the dissolution of neutralising material

dominated by carbonate minerals (e.g. calcite and dolomite), although there are other minor minerals

that can contribute both to acidity and neutralisation.

Determining ANC: The ANC is determined by the addition of acid to a sample, then back-titration

of the solution with a base to determine the amount of acid consumed. This testing gives a measure of

the capacity of a sample to neutralise acid. Where abundant carbonate minerals such as calcite are

present, any acid is completely neutralised by their dissolution.

Determining Net Acid Generation (NAG) pH: Hydrogen peroxide is added to a sample as a

strong oxidising agent to convert all sulfides in the material to sulfate and release acidity

Calculating MPA: The TS content is a conservative estimate of MPA that assumes all sulfur occurs

as pyritic sulfide, which will generate acidity when oxidised. The TS is assessed gravimetrically (by

weight) by combustion under an oxygen stream and expressed as a weight percentage. The simplified

conversion of wt. % to kg H2SO4/t is as follows:

MPA = TS % x 30.6

Sulfur speciation is now routinely determined in most ABA analyses as sulfate minerals that are not

acid-generating. Minerals that contain un-oxidised ferrous-iron (Fe²⁺) such as szomolnokite (FeSO₄),

siderite (FeCO₃) and ankerite (Ca(Fe, Mg, Mn)(CO₃)₂ may contribute to acid generation, but as a

result of the carbonate present may be included in the volume of neutralising material and erroneously

classed as non-acid forming. Further investigation is required to account for these effects.

Calculating NAPP and NPR: The Net Acid Producing Potential (NAPP) and the Neutralising

Potential Ratio (NPR) are calculations of the amount of potentially acid forming material, MPA, of a

sample and its capacity to neutralise acid, ANC. The NAPP is expressed in units of kg H2SO4/tonne,

while the NPR is unitless and calculated as per the following:

NAPP = MPA - ANC
NPR = ANC / MPA
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Once these values are known, the probability of a material being either potentially acid forming (PAF)

or non-acid forming (NAF) can be determined. According to the DITR (2007) material may be

classified according to Table 7. The boundary for defining a low capacity for potential acid formation

can vary by state and local regulations, but a NAPP of 5 kg H SO /t has been used in Western

Australia.

Table 7: Classification of material according to acid generating potential

Primary Geochemical Material Type NAPP (kg H₂SO /t) NAG pH

Potentially Acid Forming (PAF) 5 - 20 < 4.5

Potentially Acid Forming-Low Capacity (PAF-LC) 0 – 5-10 < 4.5
Non Acid Forming (NAF) Negative ≥ 4.5

Acid Consuming (AC) material less than -100 ≥ 4.5
Uncertain (UC) - Unlikely Positive ≥ 4.5

Uncertain (UC) - Likely Negative < 4.5

5.2 Total elements

The use of total element or whole rock concentrations can provide a basis for predicting potential

environmental issues. If a metal of concern, such as Hg, Pb, or Se, is not present in significant

concentrations within a lithology, (provided that homogeneity of the material has been established)

then it is not likely to affect surface or groundwater concentrations. Conversely, if the total metals

analysis shows a proportionally high amount of a metal, then further testing (leaching) to determine if

it will be mobilised with further weathering would be warranted. The need to undertake further

testing must be evaluated for each element. The results for total whole rock elemental analyses are

used to calculate a geochemical abundance index (GAI) according to the Global Acid Rock Drainage

(GARD) guide (INAP 2009) which compares the sample concentration (C) to the average crustal

abundances (S) and/or specific rock type median concentrations by the following formula:

A GAI value greater than 3 may be considered enriched relative to the reference average abundance.

5.3 Soluble parameters

Short-term leaching tests yield information on the mobility of parameters that are immediately soluble

in water or which have already begun to weather or oxidise. If the initial flush yields values that are

considered elevated, then such samples may be flagged for longer-term kinetic tests, such as column

extractions or humidity cells. It must be noted that a low result in the initial static test does not

necessarily preclude performing the longer term kinetic tests, as other factors such as total metals

content or ABA should be considered in conjunction. Mobilisation of metals can be retarded as a

result of matrix effects and metals may be released in subsequent flushes. If only the initial flush is

considered, important metals information may be missed and an erroneous characterisation might be

derived.

5.4 Reference Standards

The Western Australia Environmental Protection Authority mandated that in the absence of site

specific reference/baseline trigger values, water quality data should be compared to the ANZECC

Guidelines for Fresh and Marine Water Quality at the 95% of Species Limit of Protection (SLP) for a

Slightly to Moderately Disturbed System (ANZECC & ARMCANZ 2000a). Where applicable, the 95%

SLP Trigger Values (TV) will be modified for the relative hardness of the water (ANZECC &
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ARMCANZ 2000b). Total element reference abundances used in this report and the 95% SLP values

are given in Table 8.

Table 8: Water quality and total element reference standards

Analyte ANZECC 95% SLP
¹Total element abundance reference

values (mg/kg) (Bowen 1979)
pH 6.5-9.0 -

EC (mS/m) 10 - 500 -

Ag 0.00005 0.07
Al 0.055 82,000

Asᴵᴵᴵ 0.024 1.5
B 0.37 950
Ba - 500
Be 0.00013§ 2.6
Bi 0.0007§ 0.048
Ca - 41,000
Cd 0.0002* 0.11
Ce - 68
Cl - 130
Co 0.0028§ 20
Cr 0.001* 100
Cs 3
Cu 0.0014* 50
Fe 0.3§ 41,000

Hg 0.0006 0.05
K - 21,000
La - 32
Li - 20

Mg - 23,000
Mn 1.9 950
Mo 0.034§ 1.5
Na - 23,000
Ni 0.011* 80
Pb 0.0034* 14
Rb - 90
S - 260

Sb 0.009§ 0.2
Sc - 16
Se 0.011 0.05
Sn 0.003§ 2.2
Sr - 370
Th - 12
Ti - 5,600
Tl 0.00003§ 0.6
U 0.0005§ 2.4
V 0.006§ 160
W - 160.6
Zn 0.008* 75

* Limits of protection that can be modified for hardness >30 mg CaCO /L
§ Indicates low reliability limits of protection;
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6 TAILINGS CHARACTERISATION

Tailings samples, collected weekly over two months from the Kings Valley Mine ore processing facility

(OPF) were investigated to determine the feasibility of inpit disposal. Also included is a single tailings

sample collected from the Kings OPF for a separate study (SRK 2014). The samples form part of a

larger FMG Life of Mine Geochemistry Programme where weekly tailings samples from all four of the

OPFs on the three existing mine sites are being collected for analyses over the next two years. These

>200 samples will give a broad definition of the quality of tailings material, encompass the variability

and provide certainty for predictions.

Dissolved concentrations of parameters in the tailings supernatant, which is the liquid filtered from the

slurry, and the water leach extracts are compared to the ANZECC 95% species limit of protection

(SLP) as well as the low-risk (LRTV), and investigation trigger values (ITV). This comparison gives an

indication of maximum potential element concentrations that may occur in solution, but this does not

indicate that elevated groundwater concentrations will be the direct result. Some elements will be

immobilised following tailings deposition by precipitation after evaporation, and adsorption onto the

surface of iron hydroxides, and other charged surfaces. Physical properties of the tailings, such as low

porosity and fine particle size will also reduce contact of supernatants and leachates with the

groundwater.

6.1.1 Acid base accounting

Table 9 and Figure 11 show the results of the acid-base accounting for the eight weekly tailings samples

collected from the Solomon Kings ore processing facility. The sulfur analyses are divided between total

sulfur (TS), sulfate (SO₄) and sulfide (S) components, where sulfide is the subtraction of sulfate from

total sulfur, given as a percentage. The maximum potential acid (MPA), net acid production potential

(NAPP) in kg H₂SO₄/t, and neutralisation potential ratio (NPR) calculations are also shown. The MPA,

NAPP and NPR have been calculated for total sulfur and sulfide to illustrate the difference. Figure 11

shows the classifications according to the Australian convention of NAG pH against NAPP (a) and the

international convention of ANC against MPA (b) with both total sulfur (blue diamonds) and sulfide

(red squares). Where no sulfate is present in the samples the blue diamond and red square plots on

the same point because total sulfur is equal to sulfide, and there is no difference between the

calculations, i.e. no overestimation of acidity as a result of sulfate.

Both classifications indicate that the material is non-acid forming (NAF), and the analyses indicate that

the amount of sulfide present in the samples is very low. Also shown on Figure 11 is an additional

sample of tailings analysed by SRK (2014) labelled “SK OPF1” in May 2014. This sample is indicated on

the figure and is also classified as NAF.

6.1.2 Total elements

Table 10 gives the total metal concentrations for the tailings solid material digested by a strong acid.

The concentrations are compared to the average geochemical abundances given in Table 8, and a

geochemical abundance index (GAI) is calculated as a means of assessing the relative enrichment of a

particular element.  A GAI value of ≥3 may be considered enriched.  Enrichment in the tailings of 

arsenic, antimony and selenium is indicated. Indices of 3 not in red are rounded up, and are not

considered to indicate enrichment. An enrichment does not necessitate a cause for concern, but

merely indicates which elements may leach out under certain conditions, such as low or high pH or a

reducing environment. Most metals and metalloids are only sparingly soluble at neutral pH values.
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Table 10: Total element concentrations (mg/kg) and corresponding calculated GAI values

Name Sol Tails 1 Sol Tails 2 Sol Tails 3 Sol Tails 4 Sol Tails 5 Sol Tails 6 Sol Tails 7 Sol Tails 8
SRK: SK

OPF1
1 2 3 4 5 6 7 8 SK

OPF1

Date 9 Jun 14 16 Jun 14 24 Jun 14 29 Jun 14 9 Jul 14 14 Jul 14 21 Jul 14 28 Jul 14 8 May 14 GAI

Ag <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.21 -1 -1 -1 -1 -1 -1 -1 -1 1

Al 23,900 22,500 40,900 40,800 6,600 10,500 17,500 22,400 46,100 -2 -2 -2 -2 -4 -4 -3 -2 -1

As <10 <10 <10 <10 59 58 21 19 26 1 1 1 1 5 5 3 3 4

B <50 <50 <50 <50 <50 <50 <50 <50 <10 -6 -6 -6 -6 -6 -6 -6 -6 -8

Ba 40 24 35 24 59 72 50 30 60 -4 -5 -4 -5 -4 -3 -4 -5 -4

Be 0.78 0.62 0.97 0.79 2 2.9 1.5 1.2 1.2 -2 -3 -2 -2 -1 0 -1 -2 -2

Bi <0.1 0.13 0.18 0.16 <0.1 <0.1 0.13 0.14 0.29 -1 1 1 1 -1 -1 1 1 2

Ca 270 180 330 280 350 450 350 250 800 -8 -8 -8 -8 -7 -7 -7 -8 -6

Cd <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.02 -2 -2 -2 -2 -2 -2 -2 -2 -3

Ce 12 9.6 14 14 26 45 20 17 17 -3 -3 -3 -3 -2 -1 -2 -3 -3

Cl 50 59 110 60 93 89 93 120 100 -2 -2 -1 -2 -1 -1 -1 -1 -1

Co <1 <1 <1 <1 <1 <1 <1 <1 5.5 -6 -6 -6 -6 -6 -6 -6 -6 -2

Cr 21 25 41 37 14 19 25 24 47 -3 -3 -2 -2 -3 -3 -3 -3 -2

Cs 0.11 0.34 0.86 0.91 0.21 0.44 0.36 0.98 0.98 -5 -4 -2 -2 -4 -3 -4 -2 -2

Cu 1.7 1.1 4.0 2.5 <1 <1 <1 <1 13 -5 -6 -4 -5 -7 -7 -7 -7 -3

Fe 230,000 310,000 330,000 300,000 450,000 480,000 330,000 300,000 404,000 2 2 2 2 3 3 2 2 3

Hg <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 0.079 -2 -2 -2 -2 -2 -2 -2 -2 0

K 150 230 510 470 69 150 230 260 700 -8 -7 -6 -6 -9 -8 -7 -7 -5

La 2.2 2.2 4.6 4.2 6.5 11 6.0 4.7 6.4 -4 -4 -3 -4 -3 -2 -3 -3 -3

Li 4.9 3.4 6.6 7.8 <1 3.5 4.0 6.7 13 -3 -3 -2 -2 -6 -3 -3 -2 -1

Mg 430 330 610 590 760 1,300 540 750 800 -6 -7 -6 -6 -6 -5 -6 -6 -5

Mn 170 120 180 170 350 540 300 180 249 -3 -4 -3 -3 -2 -1 -2 -3 -3

Mo <5 <5 <5 <5 1.0 0.7 0.74 0.59 2.6 0 0 0 0 -1 -2 -2 -2 0

Na 170 <100 180 130 180 230 210 180 300 -8 -9 -8 -8 -8 -7 -7 -8 -7

Ni <10 <10 12 11 17 23 11 13 18 -5 -5 -3 -3 -3 -2 -3 -3 -3
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Name Sol Tails 1 Sol Tails 2 Sol Tails 3 Sol Tails 4 Sol Tails 5 Sol Tails 6 Sol Tails 7 Sol Tails 8
SRK: SK

OPF1
1 2 3 4 5 6 7 8 SK

OPF1

Date 9 Jun 14 16 Jun 14 24 Jun 14 29 Jun 14 9 Jul 14 14 Jul 14 21 Jul 14 28 Jul 14 8 May 14 GAI

Pb 4.2 4.3 7.3 7.5 4.2 4.5 6.2 5.9 9.0 -2 -2 -2 -1 -2 -2 -2 -2 -1

Rb 1.6 3.3 6.9 6.8 0.77 1.4 2.7 4.5 7.6 -6 -5 -4 -4 -7 -7 -6 -5 -4

S 300 300 300 200 100 100 200 200 400 0 0 0 -1 -2 -2 -1 -1 0

Sb 0.17 0.15 <0.1 <0.1 <0.1 <0.1 0.12 <0.1 2.5 -1 -1 -3 -3 -3 -3 -1 -3 3

Sc 4.2 4.4 7.8 8 2.2 2.4 5.1 5.2 9.7 -3 -2 -2 -2 -3 -3 -2 -2 -1

Se 0.39 0.84 0.79 0.54 0.35 0.19 0.56 0.48 3.0 2 3 3 3 2 1 3 3 5

Sn <5 <5 <5 <5 <5 <5 <5 <5 2.9 0 0 0 0 0 0 0 0 0

Sr 6.2 3.8 6.9 6.9 4.4 4.7 5.8 5.1 16 -6 -7 -6 -6 -7 -7 -7 -7 -5

Th 2.8 3.2 4.5 4.4 2 1.9 5.3 4.7 7.1 -3 -2 -2 -2 -3 -3 -2 -2 -1

Ti 500 630 1000 940 280 400 580 570 3,580 -4 -4 -3 -3 -5 -4 -4 -4 -1

Tl <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 -4 -4 -4 -4 -4 -4 -4 -4 -3

U 0.79 0.77 0.99 1.0 1.1 0.86 1.1 1.0 1.6 -2 -2 -2 -2 -2 -2 -2 -2 -1

V 17 26 41 36 15 18 25 22 61 -4 -3 -3 -3 -4 -4 -3 -3 -2

W <1 <1 <1 <1 <1 <1 <1 <1 3.1 -9 -9 -9 -9 -9 -9 -9 -9 -6

Zn <50 <50 <50 <50 <50 61 <50 <50 9 -2 -2 -2 -2 -2 -1 -2 -2 -4

Grey Italic values are below detection limits or GAI below zero; Black bold values are GAI greater than zero; Red bold values are GAI greater than 3.
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6.1.3 Dissolved concentrations

The tailings supernatant concentrations are given in Table 11 while the water extract concentrations

are given in Table 12. The colours in the tables indicate when the various trigger values have been

equalled or exceeded. Values greater than or equal to the corresponding Low Risk Trigger Values

(LRTV) are indicated in green, values exceeding the 95% of Species Protection Limit (SLP) are

indicated in blue, and values exceeding the Investigation Trigger Values (ITV) are shown in red. Where

the value exceeds the ITV, and the ITV is one of the nine groundwater parameters that are lower than

the ANZECC 95% SLP, that value has been indicated only to exceed the LRTV (i.e. green). For some

parameters in the SRK sample SK OPF 1, the detection limits are greater than the trigger limits. For

these instances it is not possible to determine whether that parameter exceeds trigger values.

The parameters that exceed the ITV in the supernatant solutions are comprised entirely of major ions

and the highly soluble non-toxic elements boron and strontium. Selenium concentrations were

elevated marginally above the groundwater ITV, however they are below the ANZECC 95% SLP and

are not considered to be of concern. A single mercury concentration was indicated to be above the

ITV, which is set at half the detection limit for mercury as all groundwater concentrations occur below

the limit of detection. This detection is below the ANZECC 95% SLP and is not considered to be of

concern. The only heavy metals indicated to have elevated concentrations were thorium (Th) and

thallium (Tl). This indicates that the tailings supernatant may have the potential to raise the salinity of

the groundwater marginally and that thorium concentrations adjacent to the tailings disposal area

should be monitored. The thorium and thallium concentrations are further discussed in Section 7. No

other metals of concern are present at concentrations elevated above the regional groundwater

composition.

The hardness exceeds the ITV limit of 200 mg CaCO₃/L which is what the six hardness modified

element limits have been calculated for, in three supernatant samples (calculation not shown in table).

While the HMTV should always be calculated to determine whether the toxicity of these elements will

be reduced at higher hardness values, none of ITV limits are exceeded in the samples with greater

hardness.

The dissolved concentrations of the water leach extract of the solid tailings material are given in

Table 12. The pH in two solutions is slightly below the ideal groundwater range of 6.2 – 8.5, however

no risk of acidification is indicated. Most of the other parameters are generally very low, and do not

exceed the ITV limits except thorium and titanium which exceed the provisional ITV limits. The

thorium and titanium concentrations are further discussed in Section 7. This indicates that the solid

tailings material is relatively inert and that the supernatant contains the majority of the soluble

parameters.

In the sample collected on 8 May 14 in a previous study (SRK 2014) aluminium, barium and iron

exceed the ITV limits. Since the sample has a pH of 7.6 the high iron and aluminium concentrations

are indicative that the analysed solution contained particulate material when acidified for analysis. This

produces an apparently high dissolved concentration, which is not reflective of a water solution at that

pH. The solubility of iron and aluminium is extremely low at neutral pH and concentrations for both

metals are extremely unlikely to reach >0.5 mg/L. Tailings material contains a high degree of fine

particulates and requires careful filtration at 0.2 µm to avoid this common issue. The concentrations of

boron, barium, cadmium and zinc are likely affected by this as well.
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Table 11: Dissolved concentrations (mg/L) in tailings supernatant

Name
SK

OPF 1
Sol

Super 1
Sol

Super 2
Sol

Super 3
Sol

Super 4
Sol

Super 5
Sol

Super 6
Sol

Super 7
Sol

Super 8
Date 8 May14 9 Jun 14 16 Jun14 24 Jun14 29 Jun14 9 Jul 14 14 Jul 14 21 Jul 14 28 Jul 14

pH 7.9 6.8 6.3 6.7 6.1 7.5 7.5 7.7 7.1
EC(mS/m) 141 107 85 92 79 123 85 131 87
Alkalinity 94 21 6.0 16 1.0 25 51 81 18

Ag <0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Al <0.01 <0.005 <0.005 <0.005 0.010 <0.005 <0.005 <0.005 <0.005
As <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
B 0.40 0.49 0.38 0.26 0.27 0.46 0.46 0.45 0.40
Ba 0.044 0.036 0.045 0.050 0.11 0.054 0.049 0.060 0.061
Be <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Bi <0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Ca 85 21 21 24 19 31 18 42 14
Cd <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Ce <0.001 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Cl 191 173 135 169 132 287 180 276 186
Co <0.001 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Cr <0.001 <0.0005 <0.0005 <0.0005 <0.0005 <0.001 <0.001 <0.001 <0.001
Cs <0.001 <0.0001 <0.0001 <0.0001 <0.0001 0.00050 0.00060 <0.0001 0.00040
Cu 0.0050 0.00020 0.00040 0.00030 0.00030 0.00060 0.00060 0.00080 0.00080
F - 0.28 0.11 0.13 0.050 0.54 0.65 0.58 0.27
Fe <0.05 <0.005 <0.005 0.0060 0.0110 <0.005 <0.005 0.0080 <0.005

HCO₃ 57 26 8.0 20 2.0 29 62 98 21
Hg <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.00010 <0.0001 <0.0001

K 8.0 11 9.9 11 9.0 12 11 13 9.4
La <0.001 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Li 0.0020 0.0090 <0.005 <0.005 <0.005 0.016 0.013 <0.005 0.0060
Mg 50 31 25 24 23 43 30 38 25

Mn <0.001 <0.001 0.035 0.0020 0.026 0.0010 0.0010 0.0010 0.0050
Mo <0.001 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Na 108 126 88 102 84 121 87 144 98
Ni <0.001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
P <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Pb <0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Rb 0.011 0.013 0.013 0.011 0.011 0.021 0.020 0.015 0.019

SO 249 117 84 90 69 84 63 111 78
Sb <0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Sc - <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Se <0.01 0.0060 0.0050 0.0060 0.0050 0.0020 0.0020 0.0050 0.0050
Sn <0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Sr 0.62 0.24 0.20 0.23 0.24 0.21 0.10 0.31 0.14
Th <0.001 <0.0001 0.00010 <0.0001 <0.0001 0.00010 0.00040 <0.0001 <0.0001
Ti <0.01 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Tl <0.001 0.00080 0.00020 <0.0001 <0.0001 <0.0001 0.0018 0.00060 0.00030
U <0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
V <0.01 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
W - <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
Zn <0.005 0.0060 0.0090 0.018 0.025 0.0080 0.0080 0.0080 0.013

Green Italic values indicate greater than LRTV; Blue Bold values indicate greater than ANZECC 95% SLP;

Red Bold values indicate greater than Investigation Trigger Values
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Table 12: Dissolved concentrations (mg/L) in water extract

Name
SK

OPF 1
Sol

Tails 1
Sol

Tails 2
Sol

Tails 3
Sol

Tails 4
Sol

Tails 5
Sol

Tails 6
Sol

Tails 7
Sol

Tails 8
Date 2 Jul 14 9Jun14 16Jun14 24Jun14 29Jun14 9Jul14 14Jul14 21Jul14 28Jul14

pH 7.6 6.6 6.1 6.4 6.0 6.7 6.9 6.9 6.7
EC 7.1 4.0 3.3 4.8 3.9 3.8 3.2 4.0 3.3

Alkalinity 9.0 2.0 <1 2.0 <1 3.0 3.0 3.0 2.0
Ag <0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Al 0.41 0.036 <0.005 0.019 0.023 <0.005 0.033 0.035 <0.005
As <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

B 0.19 0.020 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.030

Ba 0.32 0.012 0.013 0.0090 0.0060 0.0090 0.0040 0.0090 0.004
Be <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Bi <0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Ca 2.0 0.50 0.80 0.80 0.60 0.60 0.30 0.70 0.30

Cd 0.00010 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Ce <0.001 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005

Cl 3.0 5.0 3.0 5.0 3.0 6.0 6.0 9.0 4.0
Co <0.001 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Cr <1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Cs <0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Cu <0.001 0.00030 0.00020 0.00020 0.00020 <0.0001 <0.0001 <0.0001 <0.0001

Fe 1.3 0.078 0.0060 0.027 0.038 0.010 0.018 0.0060 0.016
Hg <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

K 0.50 0.70 0.80 1.1 1.0 0.70 0.80 0.80 0.70
La <0.001 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Li <0.001 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Mg 1.0 0.70 0.80 0.80 0.70 0.80 0.60 0.70 0.40

Mn 0.0030 <0.001 0.0040 0.0020 0.0020 <0.001 <0.001 0.0060 0.0030
Mo <0.001 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02

Na 8.0 4.5 2.5 4.7 3.4 3.7 3.2 4.1 3.1
Ni <0.001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Pb <0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Rb <0.001 0.0010 0.0014 0.0013 0.0018 0.0023 0.0030 0.0043 0.0027
Sb <0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Sc - <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Se <0.01 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Sn <0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

SO 16 6.9 7.5 8.4 6.9 3.9 2.7 3.6 3.9
Sr 0.022 0.0060 0.0070 0.0080 0.0070 0.0060 0.0020 0.0070 0.0030
Th <0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.00070 <0.0001

Ti 0.010 0.0011 <0.0005 0.0017 0.00090 <0.0005 <0.0005 <0.0005 <0.0005

Tl <0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
U <0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.00010 <0.0001
V <0.01 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
W <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
Zn 0.044 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Green Italic values indicate greater than LRTV; Blue Bold values indicate greater than ANZECC 95% SLP
Red Bold values indicate greater than Investigation Trigger Values
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7 DISCUSSION

From Table 6 it can be seen that several of the ITV limits for the groundwater local to the Solomon

mining area are lower than the corresponding ANZECC limit (these are indicated by values that are

underlined). Of the parameters where limits have been set, nine of these are lower than the ANZECC

limit: upper pH, arsenic (assumed to have a valence of III in oxidative waters), aluminium, cobalt,

mercury, molybdenum, manganese, selenium and vanadium. In these instances the higher ANZECC

limit will be used as the Investigative Trigger Value.

7.1 Exceedance procedure

The procedure at FMG to investigate parameter concentrations that exceed trigger values, occurring

in either the groundwater, surface water or other potentially mobile extracts is summarised in

Figure 12 and given in more detail in the AMD Management Plan (Tetra Tech 2014b).

The exceedance of any trigger value requires an action. The first step after exceeding the Investigative

Trigger Value is to determine whether the parameter has the potential to cause environmental harm,

whether that is an acidic pH or a highly toxic heavy metal. The following sections discuss the toxicity

of titanium, thorium and thallium and the potential for these elements to cause significant

environmental harm. If there is concern for environmental harm the next step following this

determination is to validate the analytical results and conduct reanalyses of samples in triplicate to

confirm the exceedance. This procedure was followed and is discussed in the following section.

7.2 Major ions, boron and strontium

The major ions, boron and strontium are indicated to exceed the ITV limits. These parameters are all

highly soluble and are not considered to be toxic. The only risk to groundwater that may arise is one

of increased salinity. The increase in salinity is relatively low and is not considered to pose significant

risk.

7.3 Titanium (Ti)

Titanium exceeds the provisional ITV for groundwater concentrations for four dissolved

concentrations in the water extract samples. The ITV has been established from only eight recent

groundwater samples in which no Ti was detected and was therefore set at the detection limit of

0.0005 mg/L. The highest concentration of 0.01 mg/L, detected in the sample collected by SRK (SK

OPF 1) is 20 times the detection limit. Titanium is highly inert and this concentration is not considered

to be a concern.

7.4 Thorium (Th)

The thorium ITV calculated is based on only eight analyses in the groundwater all of which were below

detection limits, as a result this Th limit is provisional, and is set at half the detection limit. Hem (1985)

gives a natural groundwater concentration for thorium as between 0.01 µg/L and 1 µg/L. The highest

Th concentration was detected in the dissolved concentrations of the water extract of tailings material

collected on 21 July. This concentration of 0.7 µg/L is within natural groundwater ranges for thorium

and is not considered to be a concern. However thorium should be measured in the monitoring wells

surrounding the inpit tailings facility to determine whether leaching is occurring, where after they can

then be compared to a more robust groundwater concentration limit.



Page 29

Solomon Mine Closure 1495940500-REP-R0002-00

Tailings Geochemistry and Potential Impact on Groundwater Technical Memorandum October 2014



Page 30

Solomon Mine Closure 1495940500-REP-R0002-00

Tailings Geochemistry and Potential Impact on Groundwater Technical Memorandum October 2014

7.5 Thallium (Tl)

7.5.1 Toxicity

Thallium is more toxic than mercury, cadmium, copper, lead, and zinc. Thallium salts are designated as

hazardous substances under the US Federal Water Pollution Control Act and are classified a priority

pollutant in the Great Lakes Water Quality Agreement between the United States and Canada. The

toxicity of thallium is well documented and it was chiefly utilised as a pesticide until being banned in

most Western countries for resulting in extensive deaths of wildlife and domestic animals. Thallium is

extremely soluble at any pH and is introduced into the environment through the exposure of sulfide

ores of zinc, copper, lead and coal. Thallium has not been well studied as there are considerable

difficulties in detecting low concentrations. The average lethal dose for humans is between 4 and

60 mg/kg (IPCS 1996). Analyses of fish in the Great Lakes, and other species such as Atlantic salmon

have suggested that elevated Tl may be occurring as a result of bioaccumulation. Available information

indicates that toxicity to aquatic life may occur at concentrations between 40 and 1,400 µg/L (John

Peter & Viraraghavan 2005), while more sensitive species like Hyalella Azteca have an estimated LC50

(lethal concentration of 50% of population) of between 12 and 49 µg/L (Borgmann et al. 2005). Zitko

et al., (1975) found a population mortality of 40% for juvenile Atlantic salmon after being subjected to

freshwater concentrations of only 20 µg/L thallium for ~100 days.

The provisional thallium ITV limit for Solomon has been derived from eight groundwater

concentrations all of which were below the detection limit of 0.0001 mg/L (0.1 µg/L). These samples

were also reanalysed to confirm these values.

For further information concerning the toxicity of thallium in the environment see Critical Review of

Thallium in Aquatic Ecosystems (Couture et al. 2011).

7.5.2 Freshwater guidelines

The ANZECC 95% SLP Low-reliability trigger value is set as 0.00003 mg/L (0.03 µg/L or 30 ng/L), This

has been derived from the Effective Concentration for mortality of 25% of embryos (EC25) for Hyalella

Azteca, which is between 0.0005 and 0.0053 mg/L (0.5 µg/Land 5.3 µg/L). The EC25 has been reduced

by an assessment factor (AF) of 20 to ensure safety. This safety factor is the most conservative

possible as there are a lack of reliable studies to support a higher limit, and as a result of the high

toxicity of thallium. A concentration of 30 nanograms/L is, however, very difficult to achieve. It is

unlikely that any commercial laboratories in Australia can achieve this limit reliably, and only research

laboratories with ultra-trace, high-resolution ICP-MS instruments would be able to reach detection

limits to the 10⁻⁹ level.

The Canadian Water Quality Guidelines for the Protection of Aquatic Life (CWQG 1999)

recommends a freshwater guideline of 0.0008 mg/L (0.8 µg/L) based on the acute and chronic affects

for several species of plants, vertebrates and invertebrates. The United States Environmental

Protection Agency (USEPA) drinking water standards recommend a maximum contaminant level goal

(MCLG) of 0.0005 mg/L (0.5 µg/L) and a human health criteria limit based on consumption of both

water and organisms of 0.00024 mg/L (0.24 µg/L) (USEPA 2014).
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7.5.3 Thallium reanalyses

All tailings supernatant samples were reanalysed: the samples that contained detectable concentrations

were reanalysed in triplicate, and those in which thallium was not detected were analysed in duplicate

as a precaution. The concentrations in the water extract and acid extract were also rechecked.

From Table 13 it is clear that the detection of thallium in the tailings supernatant could not be

replicated. What these results indicate is that the original analyses are in error and no thallium is

present in the tailings material. This conclusion is supported by these reanalyses, communication with

the laboratory and the literature.

Table 13: Thallium reanalyses (mg/L) in tailings supernatants

Sample Name Date Original Reanalysis 1 Reanalysis 2 Reanalysis 3

Sol Super 1 09 Jun 14 0.0008 <0.0001 <0.0001 <0.0001

Sol Super 2 16 Jun 14 0.0002 <0.0001 <0.0001 <0.0001

Sol Super 3 24 Jun 14 <0.0001 <0.0001 - -

Sol Super 4 29 Jun 14 <0.0001 <0.0001 - -

Sol Super 5 09 Jul 14 <0.0001 <0.0001 <0.0001 <0.0001

Sol Super 6 14 Jul 14 0.0018 <0.0001 <0.0001 <0.0001

Sol Super 7 21 Jul 14 0.0006 <0.0001 <0.0001 <0.0001

Sol Super 8 28 Jul 14 0.0003 <0.0001 <0.0001 <0.0001

Griepink et al. (1988) highlighted the tendency for thallium to adsorb to the surfaces of polythene,

polypropene, glass, paraffin or rubber from a nitric acid solution. The Agilent ICP-MS technical staff

confirmed this and stated that thallium exhibits memory effects and does not wash out of the sample

introduction system easily (Pers. Comm.).

The outcome of this finding is that all samples containing detectable thallium will automatically be

reanalysed to determine the veracity of the analysis. Further to this additional acid washing will be

conducted in the laboratory in an attempt to remove all residual thallium from the intake tubing.

The original groundwater analyses used to derive the site specific provisional trigger values were also

reanalysed. Four samples had contained detectable concentrations of thallium but on reanalyses were

all below detection limits. The ITV limits given in the previous section have already been amended to

account for this.
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8 SUMMARY AND CONCLUSIONS

The results of this geochemical investigation are summarised as follows:

 The groundwater chemistry of catchment regions at Solomon were found to be similar enough

that a single set of trigger values can be applied to the entire mining area;

 Groundwater baseline trigger values were determined from 4 years of monitoring analyses;

 A statistically sufficient volume of analyses were provided to determine trigger values for most of

the water quality parameters. For the elements that had not been frequently analysed, provisional

trigger values were determined to be updated with additional monitoring;

 Nine tailings samples collected over 3 months were assessed against these trigger values and

other reference standards;

 All tailings material was indicated to be non-acid forming with very low sulfide concentrations.

No samples were indicated to be uncertain or potentially acid forming;

 Tailings material is enriched with respect to average abundance in arsenic, selenium and antimony.

These elements are sparingly soluble at neutral pH values and are not expected to leach out;

 The most soluble parameters: major ions, boron and strontium are indicated to exceed

groundwater Investigation Trigger Values in the supernatant. Major ions, boron and strontium

are not-toxic and elevated concentrations pose a risk to salinity only. This indicates a minor risk

that supernatant fluids may result in slightly elevated groundwater salinity;

 The only heavy metals to exceed the ITV limits were titanium (Ti), thorium (Th) and thallium (Tl);

 Titanium is not toxic and is not considered to pose a risk;

 The thorium ITV is provisional but should be monitored further;

 Thallium concentrations were proven to be an analytical error and no thallium is present in the

tailings material, supernatant, or water extract;

 Dissolved concentrations in the water extract of the solid tailings material indicated very low

concentrations and low potential for leaching; and

 Assuming these samples are representative of tailings material to be disposed of to the inpit TSF,

the potential for geochemical risk to the environment is considered to be low.

Yours faithfully,

TETRA TECH AUSTRALIA PTY LTD

Colleen Burgers

Principal Geochemist

Guy Roemer

Associate Hydrogeologist



Page 33

Solomon Mine Closure 1495940500-REP-R0002-00

Tailings Geochemistry and Potential Impact on Groundwater Technical Memorandum October 2014

9 REFERENCES

ANZECC & ARMCANZ 1995, 'Guidelines for Groundwater Protection in Australia. National Water Quality
Management Strategy: Document 8.', Australian and New Zealand Environment and Conservation
Council and Agriculture and Resources Management Council of Australia and New Zealand, Pp. 90.

ANZECC & ARMCANZ 2000a, 'Australian and New Zealand Guidelines for Fresh and Marine Water Quality.
Volume 1: The Guidelines; Chapters 1-7. National Water Quality Management Strategy: Document 4. ',
Australian and New Zealand Environment and Conservation Council and Agriculture and Resources
Management Council of Australia and New Zealand, Pp. 314.

ANZECC & ARMCANZ 2000b, 'Australian and New Zealand Guidelines for Fresh and Marine Water Quality.
Volume 2: Aquatic Ecosystems – Rationale and Background Information; Chapter 8. National Water
Quality Management Strategy: Document. 4', Australian and New Zealand Environment and
Conservation Council and Agriculture and Resources Management Council of Australia and New
Zealand, Pp. 678.

Borgmann, U, Couillard, Y, Doyle, P & George Dixon, D 2005, 'Toxicity of sixty-three metals and metalloids to
Hyalella azteca at two levels of water hardness', Environmental Toxicology and Chemistry, National
Water Research Institute, Environment Canada, Volume 24, Issue 3, March 2005, Pgs 641–652.

Bowen, HJM 1979, 'Environmental Chemistry of the Elements', Academic Press, London.

Couture, , Fortin, , Hare, , Lapointe, D & Pitre, 2011, 'Critical Review of Thallium in Aquatic Ecosystems',
Research Report No R-1272 , Inorganics Unit, Ecological Assessment Division , Environment Canada ,
April 2011, Pp.42.

CWQG 1999, 'Canadian water quality guidelines for the protection of aquatic life:Thallium. In: Canadian
environmental quality guidelines', Pp. 3, Canadian Council of Ministers of the Environment, Environment
Canada, Publication No. 1299, Guidelines and Standards Division, Winnipeg.

DEHP 2009, 'Queensland Water Quality Guidelines', Version 3, Department of Environment and Heritage
Protection, Government of Queensland, Republished: 8 July 2013, Pp. 184.

DITR 2007, 'Managing Acid and Metalliferous Drainage', Department of Industry Tourism and Resources,
Australian Government Leading Practice Sustainable Development Program for the Mining Industry, No.
8, Government of Western Australia, Pp. 107.

DOW 2013, 'Western Australian water in mining guideline', Water Licensing Delivery Series Report No. 12,
Department of Water, Government of Western Australia, 29 May 2013, Pp.75.

Environ 2005, 'Pilbara Iron Ore and Infrastructure Project. Public Environmental Review: Cloudbreak Iron Ore
Project - No Beneficiation', Report Ref. 30-0157E, Fortescue Metals Groups Ltd, 8 September 2005, Pp.
340.

FMG 2010, 'Solomon Project Public Environmental Review', Report Ref. SO-RP-EN-0003_Rev 0, Fortescue
Metals Group, Pp. 338.

Goudey, R 1999, 'Assessing Water Quality Objectives: Discussion Paper', Environmental Protection Authority,
Government of the State of Victoria , December 1999, Pp. 18.

Griepink, B, Sager, M & Tölg, G 1988, 'Determination of Traces of Thallium in Various Matrices', Vol. 60, No. 9,
International Union of Pure and Applied Chemistry, Analytical Chemistry Division - Commission on
Microchemical Techniques and Trace Analysis, Pure & Applied Chemistry , Pp. 1425 - 1436.

Hem, JD 1985, 'Study and Interpretation of the Chemical Characteristics of Natural Water', Water Supply Paper
2254, Distribution Branch, Text Products Section, U.S. Geological Survey, Alexandria, Virginia, USA.

INAP 2009, 'Global Acid Rock Drainage Guide', International Network for Acid Prevention.

IPCS 1996, 'Thallium ', International Program on Chemical Safety, Environmental Health Criteria 182, World
Health Organisation, Geneva Switzerland.



Page 34

Solomon Mine Closure 1495940500-REP-R0002-00

Tailings Geochemistry and Potential Impact on Groundwater Technical Memorandum October 2014

John Peter, AL & Viraraghavan, T 2005, 'Thallium: a review of public health and environmental concerns',
Environment International , Faculty of Engineering, University of Regina, 31 (2005) 493– 501. Pp. 9,
Saskatchewan, Canada.

MWH 2010, 'Solomon Project Hydrogeological Investigation', Appendix 32 Public Environmental Review, MWH
Global, 7 October 2010, Pp. 48.

Price, WA 1997, 'Guidelines and Recommended Methods for the Prediction of Metal Leaching and Acid Rock
Drainage at Minesites in British Columbia', Pp.158, Reclamation Section, Energy and Minerals Division,
Ministry of Employment and Investment, British Columbia, Canada.

SRK 2014, 'Tailings Slurry Geochemical Characterisation - May 2014 Tailings Slurry Samples', Report Ref.
FMG011, SRK Consulting, 5 August 2014, Pp. 40.

Tetra Tech 2014a, 'Life of Mine Geochemistry Programme - Acid and Metalliferous Drainage Sampling Plan',
Report Ref: 1495940300-REP-R0003-04, Tetra Tech Australia Pty Ltd, 16 July 2014, Pp. 123.

Tetra Tech 2014b, 'Acid and Metalliferous Drainage Management Plan', Report Ref.:753-1495940600-REP-R0002-
00.

USEPA 2014, 'DRAFT: Updated National Recommended Water Quality Criteria - Human Health', United States
Environmental Protection Agency, 13 August 2014, Website Accessed: 6 October 2014,
http://water.epa.gov/scitech/swguidance/standards/criteria/current/hhdraft.cfm.

WRC 2001, 'Johnson, S.L. and Wright, A.H.: Central Pilbara Groundwater Study', Hydrogeological Record Series
Report HG 8, Water and Rivers Commission Resource Science Division, Government of Western
Australia, November 2001, Pp 102.

Zitko, V, Carson, WV & Carson, WG 1975, 'Thallium: Occurence in the environment and toxicity to fish',
Volume 13, Issue 1, Bulletin of Environmental Contamination and Toxicology, Pp. 23-30.



Page A

Solomon Mine Closure 1495940500-REP-R0002-00

Tailings Geochemistry and Potential Impact on Groundwater Technical Memorandum October 2014

APPENDIX A: ADDITIONAL FIGURES
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Figure A- 1: Water level against EC for Airport and Outside catchments

Figure A- 2: EC against sampling date for Airport and Outside catchments
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Figure A- 3: pH against sampling date for Airport and Outside catchments

Figure A- 4: Location of 12 Mile Bore
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Figure A-5: Salinity by sampling date for 5 bores (colours not indicative of catchment)
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Figure A-6: Salinity by sampling date for 5 bores (colours not indicative of catchment)
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Figure A-7: Salinity by sampling date for 5 bores (colours not indicative of catchment)
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Figure A-8: Salinity by sampling date for 5 bores (colours not indicative of catchment)
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Figure A-9: Salinity by sampling date for 5 bores (colours not indicative of catchment)
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Figure A-10: Salinity by sampling date for 5 bores (colours not indicative of catchment)
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Figure A-11: Salinity by sampling date for 5 bores (colours not indicative of catchment)
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Figure A-12: Salinity by sampling date for 5 bores (colours not indicative of catchment)
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APPENDIX B: CHAIN OF CUSTODY DOCUMENTATION



South Wing, Building 500, Curtin University,
cnr South Entrance and Manning Road, • •Bentley, WA, 6102 18411
Phone: +61 8 9422 9821 ChemCentre«.
Fax: +61 8 9422 9801

370 Murray Street,
Perth,
WA, 6000

lb TETRA TECH

Phone: +61 8 6313 3200 Fax: +61 8 6313 3201
Attention: Colleen Burgers
Email: colleen.burgers@tetratech.com
Results emaihadmin.perth@tetratech.com

Attention: Stuart Rietkerk
Mobile: +61 467 781 248
Email: SRietkerk@chemcentre.wa.gov.au
Quotation Number: Project: 753−1495940300 Life of Mine Geochemistry

Laboratory code

Sample Marks
Date

Sampled

Container−0
Z
u)

P
mcr1−1

Preservative Analysis Comments

(Label container with sample date and, sign
when relinquishing to courier)

Sampler to write name in comments when
sample collectedCO

Leach

test

,2&3 Total

Elements
2'3...,

..)
−:−0._.... (0)

a) >.
c

Name

Sol Tails 1 9−Jun−14 X
N X X X Colin Bensley

Sol Super 1 X X
Sol Tails 2 16−Jun−14 X N X X X Colin Bensley
Sol Super 2 X X
Sol Tails 3 24−Jun−14

X N X X X Courtney Mahar
Sol Super 3 X X
Sol Tails 4 29−Jun−14

X N X X X Colin Bensley
Sol Super 4 X X

Filter supernatant and analyse
ABA — TS, TOS, ANC, NAG + NAGpH
Leach Test: Water, bottle roll
List 1 + ICP−AES List 2 + ICP−MS List 3
Total Elements: Acid Digest
ICP−AES List 2 + ICP−MS List 3

ii
Signature: , , . . − / è−−−4111110

Date & Time /7/1 / y r , 2f,
Received BByy: ' )kc−X47.C.−41:7' Date & Time 1c c − & c3S4 t

.0Relinquished by: .−−− c — d : Date & Time
Samples intact: Y e s / N o ji.4./.−−− / Temperature: Ambient / Chilled / NA Sample Security sealed: −Yes/Ate / NA Quarantine: Yea /No

iList pH, EC, TDS (ca(c),
Alkalinit, Acidity, Cl, Page 1 of 1

2ICP−AES Al, B, Ba, Be, Bi, Ca, Ce, Co, Total Cr, Cs, Fe, K, La, Li, Mg, Mn, Mo, Na, Ni, Rb, S, Sb, Sc, Sn, SO4, Sr, Th, Ti, TI, U, V, W, Zn
3ICP−MS Ag, As, Cd, Cu, Pd, Se, Hg . I −

r ■ Z − − − − e.−−.. . ...,.



South Wing, Building 500, Curtin University, 370 Murray Street,
cnr South Entrance and Manning Road, •Bentley, WA, 6102 •

••Phone: +61 8 9422 9821 ChemCentres.
Fax: +61 8 9422 9801

Perth,
\ 1 − − t E p − 73WA,

6000 .

T E T R A TECH

Phone: +61 8 6313 3200 Fax: +61 8 6313 3201
Attention: Colleen Burgers
Email: colleen.burgers@tetratech.com
Results email:admin.perth@tetratech.com

Attention: Stuart Rietkerk
Mobile: +61 467 781 248
Email: SRietkerk@chemcentre.wa.gov.au
Please sign and return, results to include laboratory QA/QC Project: 753−1495940300 Life of Mine Geochemistry

Laboratory code

Sample Marks

Name

Date
Sampled

Analysis
P9

I A i
a

71

r r
.

Comments

(Label container with sample date and, sign
when relinquishing to courier)

Sampler to write name in comments when
sample collected

1 Sol Tails 5
Sol Super 5
Sol Tails 6

1 x 10 L white
plastic pail

X Colin Bensley
X

Sol Super 6Sol
Tails 7 —

14−Jul−14 1 x 10 L white
plastic pail

Colin Bensley

—1−874−B−66−er
21,jul−1−411 x 10 L whi—teplastic

pail x
Colin Bensley

Sol Tails 8
−Sol Super 8

11 x 10 L white213−Jul−14I plastic pail
Colin Bensley

Filter supernatant and analyse
ABA — TS, TOS, ANC, NAG + NAGpH
Leach Test: Water, bottle roll
List 1 + ICP−AES List 2 + ICP−MS List 3
Total Elements: Acid Digest
ICP−AES List 2 + ICP−MS List 3

Signature: D a t e & Time
Received By: Date & Time ,.−=.' − 7 ,/,...fi

_ ,Relinquished by: _ _ _ ,,, __Received By: .... ......,
1

Date & Time l a i e. pLI 1 Li:c25::z.Samples intact: Yes/No Temperature: Ambient / Chilled /NA Sample Security sealed: 4 s : • Quarantine: Yes / No
1List pH, EC, TDS (calc), Alkalinity, CI, Page 1 of 1

2ICP−AES Al, B, Ba, Be, Bi, Ca, Ce, Co, Total Cr, Cs, Fe, K, La, Li, Mg, Mn, MO, Na, Ni, Rb, S, Sb, Sc, Sn, SO4, Sr, Th, Ti, T1, U, V, W, Zn

3 ICP−MS Ag, As, Cd, Cu, Pd, Se, Hg
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ChemCentre
Inorganic Chemistry Section

Report of Examination

1495940300

Tetra Tech Australia Pty Ltd

PO Box 7322

Cloisters Square PO

Perth  WA  6850

Attention: Colleen Burgers

Report on:

PO Box 1250, Bentley Delivery Centre

ABN 40 991 885 705

F +61 8 9422 9801

T +61 8 9422 9800

Bentley WA 6983

www.chemcentre.wa.gov.au

8 samples received on 26/08/2014

Purchase Order:

14E0369ChemCentre Reference:

LAB ID Material Client ID and Description

14E0369 / 001 solid Sol Tails 1

14E0369 / 002 water Sol Super 1

14E0369 / 003 solid Sol Tails 2

14E0369 / 004 water Sol Super 2

14E0369 / 005 solid Sol Tails 3

14E0369 / 006 water Sol Super 3

14E0369 / 007 solid Sol Tails 4

14E0369 / 008 water Sol Super 4

LAB ID

Client ID

Sampled

001 002 003 004

Sol Tails 1 Sol Super 1 Sol Tails 2 Sol Super 2

09/06/2014 09/06/2014 16/06/2014 16/06/2014

Analyte UnitMethod

ANC (Acid Neutral. 

Cap.)

kg H2SO4/t2.3 2.1ARD

NAG pH 6.1 5.9ARD

NAG (Net Acid 

Generation)

kg H2SO4/t<0.5 <0.5ARD

Sulfur present as SO4 % <0.01 0.01SO4 S (ARD)

Sulfur % 0.03 0.03(combs)

Total oxidisable sulfur % 0.03 0.03TOS (ARD)

Alkalinity, total mg/L 2 21 <1 6iALK1WATI

Aluminium mg/L 0.036 <0.005 <0.005 <0.005iMET1WCICP

Antimony mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Arsenic mg/L <0.001 <0.001 <0.001 <0.001iMET1WCMS

Barium mg/L 0.012 0.036 0.013 0.045iMET1WCICP

Beryllium mg/L <0.001 <0.001 <0.001 <0.001iMET1WCICP

Bicarbonate mg/L 26 8iALK1WATI

Bismuth mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Boron mg/L 0.02 0.49 <0.02 0.38iMET1WCICP

Cadmium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Calcium mg/L 0.5 21.4 0.8 20.5iMET1WCICP

Carbonate mg/L <1 <1iALK1WATI

Cerium mg/L <0.0005 <0.0005 <0.0005 <0.0005iMET1WCMS

Cesium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Chloride mg/L 5 173 3 135iCO1WCDA

Chromium mg/L <0.0005 <0.0005iMET1WCMS

Cobalt mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP
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LAB ID

Client ID

Sampled

001 002 003 004

Sol Tails 1 Sol Super 1 Sol Tails 2 Sol Super 2

09/06/2014 09/06/2014 16/06/2014 16/06/2014

Analyte UnitMethod

Copper mg/L 0.0003 0.0002 0.0002 0.0004iMET1WCMS

Electrical Conductivity mS/m 4.0 107 3.3 84.7iEC1WZSE

Fluoride mg/L 0.28 0.11iF1WASE

Iron mg/L 0.078 <0.005 0.006 <0.005iMET1WCICP

Lanthanum mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Lead mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Lithium mg/L <0.005 0.009 <0.005 <0.005iMET1WCICP

Magnesium mg/L 0.7 31.0 0.8 24.5iMET1WCICP

Manganese mg/L <0.001 <0.001 0.004 0.035iMET1WCICP

Mercury mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Molybdenum mg/L <0.02 <0.02 <0.02 <0.02iMET1WCICP

Nickel mg/L <0.01 <0.01 <0.01 <0.01iMET1WCICP

pH 6.6 6.8 6.1 6.3iPH1WASE

Phosphorus mg/L <0.1 <0.1iMET1WCICP

Potassium mg/L 0.7 10.8 0.8 9.9iMET1WCICP

Rubidium mg/L 0.0010 0.013 0.0014 0.013iMET1WCMS

Scandium mg/L <0.0005 <0.0005 <0.0005 <0.0005iMET1WCMS

Selenium mg/L <0.001 0.006 <0.001 0.005iMET1WCMS

Silver mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Sodium mg/L 4.5 126 2.5 88.0iMET1WCICP

Strontium mg/L 0.006 0.24 0.007 0.20iMET1WCICP

Sulfur mg/L 2.3 39 2.5 28iMET1WCICP

Thallium mg/L <0.0001 0.0008 <0.0001 0.0002iMET1WCMS

Thorium mg/L <0.0001 0.0001 <0.0001 <0.0001iMET1WCMS

Tin mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Titanium mg/L 0.0011 <0.0005 <0.0005 <0.0005iMET1WCMS

Tungsten mg/L <0.002 <0.002 <0.002 <0.002iMET1WCMS

Uranium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Vanadium mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Zinc mg/L <0.005 0.006 <0.005 0.009iMET1WCICP

Aluminium mg/kg 23900 22500iMET2SAICP

Antimony mg/kg 0.17 0.15iMET2SAMS

Arsenic mg/kg <10 <10iMET2SAICP

Barium mg/kg 40 24iMET2SAICP

Beryllium mg/kg 0.78 0.62iMET2SAICP

Bismuth mg/kg <0.10 0.13iMET2SAMS

Boron mg/kg <50 <50iMET2SAICP

Cadmium mg/kg <0.10 <0.10iMET2SAMS

Cesium mg/kg 0.11 0.34iMET2SAMS

Calcium mg/kg 270 180iMET2SAICP

Cerium mg/kg 12 9.6iMET2SAMS

Chloride mg/kg 50 59iCO1SEDA

Chromium mg/kg 21 25iMET2SAICP

Cobalt mg/kg <1.0 <1.0iMET2SAICP

Copper mg/kg 1.7 1.1iMET2SAICP

Iron mg/kg 230000 310000iMET2SAICP

Lanthanum mg/kg 2.2 2.2iMET2SAICP

Lead mg/kg 27 34iMET2SAICP

Lithium mg/kg 4.9 3.4iMET2SAICP

Magnesium mg/kg 430 330iMET2SAICP
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LAB ID

Client ID

Sampled

001 002 003 004

Sol Tails 1 Sol Super 1 Sol Tails 2 Sol Super 2

09/06/2014 09/06/2014 16/06/2014 16/06/2014

Analyte UnitMethod

Manganese mg/kg 170 120iMET2SAICP

Mercury mg/kg <0.04 <0.04iMET2SAMS

Molybdenum mg/kg <5.0 <5.0iMET2SAICP

Nickel mg/kg <10 <10iMET2SAICP

Potassium mg/kg 150 230iMET2SAICP

Rubidium mg/kg 1.6 3.3iMET2SAMS

Scandium mg/kg 4.2 4.4iMET2SAMS

Selenium mg/kg 0.39 0.84iMET2SAMS

Silver mg/kg <0.10 <0.10iMET2SAMS

Sodium mg/kg 170 <100iMET2SAICP

Strontium mg/kg 6.2 3.8iMET2SAICP

Thallium mg/kg <10 <10iMET2SAICP

Thorium mg/kg 50 50iMET2SAICP

Tin mg/kg <5.0 <5.0iMET2SAICP

Titanium mg/kg 500 630iMET2SAICP

Tungsten mg/kg <1.0 <1.0iMET2SAMS

Uranium mg/kg 0.79 0.77iMET2SAMS

Vanadium mg/kg 17 26iMET2SAICP

Zinc mg/kg <50 <50iMET2SAICP

Chromium mg/L <0.001 <0.001iMET1WCICP

TDS (calculated) mg/L 22 18iSOL1WDCA

LAB ID

Client ID

Sampled

005 006 007 008

Sol Tails 3 Sol Super 3 Sol Tails 4 Sol Super 4

24/06/2014 24/06/2014 29/06/2014 29/06/2014

Analyte UnitMethod

ANC (Acid Neutral. 

Cap.)

kg H2SO4/t2.5 2.6ARD

NAG pH 5.8 5.8ARD

NAG (Net Acid 

Generation)

kg H2SO4/t<0.5 0.8ARD

Sulfur present as SO4 % <0.01 0.01SO4 S (ARD)

Sulfur % 0.03 0.02(combs)

Total oxidisable sulfur % 0.02 0.02TOS (ARD)

Alkalinity, total mg/L 2 16 <1 1iALK1WATI

Aluminium mg/L 0.019 <0.005 0.043 0.010iMET1WCICP

Antimony mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Arsenic mg/L <0.001 <0.001 <0.001 <0.001iMET1WCMS

Barium mg/L 0.009 0.050 0.006 0.11iMET1WCICP

Beryllium mg/L <0.001 <0.001 <0.001 <0.001iMET1WCICP

Bicarbonate mg/L 20 2iALK1WATI

Bismuth mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Boron mg/L <0.02 0.26 0.03 0.27iMET1WCICP

Cadmium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Calcium mg/L 0.8 23.7 0.6 19.0iMET1WCICP

Carbonate mg/L <1 <1iALK1WATI

Cerium mg/L <0.0005 <0.0005 <0.0005 <0.0005iMET1WCMS

Cesium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Chloride mg/L 5 169 3 132iCO1WCDA
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LAB ID

Client ID

Sampled

005 006 007 008

Sol Tails 3 Sol Super 3 Sol Tails 4 Sol Super 4

24/06/2014 24/06/2014 29/06/2014 29/06/2014

Analyte UnitMethod

Chromium mg/L <0.0005 <0.0005iMET1WCMS

Cobalt mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Copper mg/L 0.0002 0.0003 0.0002 0.0003iMET1WCMS

Electrical Conductivity mS/m 4.8 92.4 3.9 78.7iEC1WZSE

Fluoride mg/L 0.13 0.05iF1WASE

Iron mg/L 0.027 0.006 0.029 0.011iMET1WCICP

Lanthanum mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Lead mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Lithium mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Magnesium mg/L 0.8 24.2 0.7 23.1iMET1WCICP

Manganese mg/L 0.002 0.002 0.002 0.026iMET1WCICP

Mercury mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Molybdenum mg/L <0.02 <0.02 <0.02 <0.02iMET1WCICP

Nickel mg/L <0.01 <0.01 <0.01 <0.01iMET1WCICP

pH 6.4 6.7 6.0 6.1iPH1WASE

Phosphorus mg/L <0.1 <0.1iMET1WCICP

Potassium mg/L 1.1 10.8 1.0 9.0iMET1WCICP

Rubidium mg/L 0.0013 0.011 0.0018 0.011iMET1WCMS

Scandium mg/L <0.0005 <0.0005 <0.0005 <0.0005iMET1WCMS

Selenium mg/L <0.001 0.006 <0.001 0.005iMET1WCMS

Silver mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Sodium mg/L 4.7 102 3.3 83.8iMET1WCICP

Strontium mg/L 0.008 0.23 0.007 0.24iMET1WCICP

Sulfur mg/L 2.8 30 3.1 23iMET1WCICP

Thallium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Thorium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Tin mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Titanium mg/L 0.0017 <0.0005 0.0009 <0.0005iMET1WCMS

Tungsten mg/L <0.002 <0.002 <0.002 <0.002iMET1WCMS

Uranium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Vanadium mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Zinc mg/L <0.005 0.018 0.011 0.025iMET1WCICP

Aluminium mg/kg 40900 40800iMET2SAICP

Antimony mg/kg <0.10 <0.10iMET2SAMS

Arsenic mg/kg <10 <10iMET2SAICP

Barium mg/kg 35 24iMET2SAICP

Beryllium mg/kg 0.97 0.79iMET2SAICP

Bismuth mg/kg 0.18 0.16iMET2SAMS

Boron mg/kg <50 <50iMET2SAICP

Cadmium mg/kg <0.10 <0.10iMET2SAMS

Cesium mg/kg 0.86 0.91iMET2SAMS

Calcium mg/kg 330 280iMET2SAICP

Cerium mg/kg 14 14iMET2SAMS

Chloride mg/kg 110 60iCO1SEDA

Chromium mg/kg 41 37iMET2SAICP

Cobalt mg/kg <1.0 <1.0iMET2SAICP

Copper mg/kg 4.0 2.5iMET2SAICP

Iron mg/kg 330000 300000iMET2SAICP

Lanthanum mg/kg 4.6 4.2iMET2SAICP

Lead mg/kg 36 33iMET2SAICP
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LAB ID

Client ID

Sampled

005 006 007 008

Sol Tails 3 Sol Super 3 Sol Tails 4 Sol Super 4

24/06/2014 24/06/2014 29/06/2014 29/06/2014

Analyte UnitMethod

Lithium mg/kg 6.6 7.8iMET2SAICP

Magnesium mg/kg 610 590iMET2SAICP

Manganese mg/kg 180 170iMET2SAICP

Mercury mg/kg <0.04 <0.04iMET2SAMS

Molybdenum mg/kg <5.0 <5.0iMET2SAICP

Nickel mg/kg 12 11iMET2SAICP

Potassium mg/kg 510 470iMET2SAICP

Rubidium mg/kg 6.9 6.8iMET2SAMS

Scandium mg/kg 7.8 8.0iMET2SAMS

Selenium mg/kg 0.79 0.54iMET2SAMS

Silver mg/kg <0.10 <0.10iMET2SAMS

Sodium mg/kg 180 130iMET2SAICP

Strontium mg/kg 6.9 6.9iMET2SAICP

Thallium mg/kg <10 <10iMET2SAICP

Thorium mg/kg 50 50iMET2SAICP

Tin mg/kg <5.0 <5.0iMET2SAICP

Titanium mg/kg 1000 940iMET2SAICP

Tungsten mg/kg <1.0 <1.0iMET2SAMS

Uranium mg/kg 0.99 1.0iMET2SAMS

Vanadium mg/kg 41 36iMET2SAICP

Zinc mg/kg <50 <50iMET2SAICP

Chromium mg/L <0.001 <0.001iMET1WCICP

TDS (calculated) mg/L 27 22iSOL1WDCA

Method Method Description

Carbon and Sulfur in soils by combustion, in-house method S57.(combs)
The acid generating and acid neutralising capacities of the sample are measured. These values 

are used in acid/base accounting (ABA) to determine if the sample will generate acid after 

prolonged exposure in the environment.  The methods used are based on industry conventions.

A Net Acid Generation (NAG) test  is often used to confirm the predictions from ABA..

ARD

Alkalinity (as CaCO3) and constituents by acid titration (APHA 2320B).iALK1WATI

Extractable  anions (1:5 extract) by DA, as received.iCO1SEDA

Colourimetric analysis by DA (Discrete Autoanalyser), APHA and in house methods.iCO1WCDA

Electrical conductivity in water compensated to 25C (APHA 2510B).iEC1WZSE

Fluoride in water by ion specific electrode (ISE), APHA 4500F-C.iF1WASE

Total dissolved metals by ICPAES (APHA 3120).iMET1WCICP

Total dissolved metals by ICPMS (APHA 3125).iMET1WCMS

Acid digestable metals (dry wt basis) by digestion and ICPAES (USEPA 3051A modification).iMET2SAICP

Acid digestable metals (dry wt basis) by  ICPMS (USEPA 3051A modification).iMET2SAMS

pH in water by pH meter (APHA 4500H+)iPH1WASE

Total Dissolved Solids (TDS) calculated  (ECond * 5.5)iSOL1WDCA

Sulfur present as Sulfate (HCl ext.)SO4 S (ARD)

Total oxidisable sulfur, the difference between total S and sulfate STOS (ARD)

These results apply only to the sample(s) as received. Unless arrangements are made to the contrary, these samples will 

be disposed of after 30 days of the issue of this report.  

This report may only be reproduced in full.
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Jenny McGuire

12-Sep-2014

Scientific Services Division

Science Business Manager
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ChemCentre
Inorganic Chemistry Section

Report of Examination

1495940300

Tetra Tech Australia Pty Ltd

PO Box 7322

Cloisters Square PO

Perth  WA  6850

Attention: Colleen Burgers

Report on:

PO Box 1250, Bentley Delivery Centre

ABN 40 991 885 705

F +61 8 9422 9801

T +61 8 9422 9800

Bentley WA 6983

www.chemcentre.wa.gov.au

24 samples received on 12/08/2014

Purchase Order:

14E0273ChemCentre Reference:

LAB ID Material Client ID and Description

14E0273 / 001 solid Sol Tails 5

14E0273 / 002 water Sol Super 5

14E0273 / 003 solid Sol Tails 6

14E0273 / 004 water Sol Super 6

14E0273 / 005 solid Sol Tails 7

14E0273 / 006 water Sol Super 7

14E0273 / 007 solid Sol Tails 8

14E0273 / 008 water Sol Super 8

14E0273 / 009 solid CC1 Tails 5

14E0273 / 010 water CC1 Super 5

14E0273 / 011 solid CC2 Tails 5

14E0273 / 012 water CC2 Super 5

14E0273 / 013 solid CC1 Tails 6

14E0273 / 014 water CC1 Super 6

14E0273 / 015 solid CC2 Tails 6

14E0273 / 016 water CC2 Super 6

14E0273 / 017 solid CC1 Tails 7

14E0273 / 018 water CC1 Super 7

14E0273 / 019 solid CC2 Tails 7

14E0273 / 020 water CC2 Super 7

14E0273 / 021 solid CC1 Tails 8

14E0273 / 022 water CC1 Super 8

14E0273 / 023 solid CC2 Tails 8

14E0273 / 024 water CC2 Super 8

LAB ID

Client ID

Sampled

001 002 003 004

Sol Tails 5 Sol Super 5 Sol Tails 6 Sol Super 6

09/07/2014 09/07/2014 14/07/2014 14/07/2014

Analyte UnitMethod

ANC (Acid Neutral. 

Cap.)

kg H2SO4/t3.8 4.6ARD

NAG pH 6.5 6.7ARD

NAG (Net Acid 

Generation)

kg H2SO4/t<0.5 <0.5ARD

Sulfur present as SO4 % <0.01 <0.01SO4 S (ARD)

Sulfur % 0.01 0.01(combs)

Total oxidisable sulfur % 0.01 0.01TOS (ARD)

Alkalinity, total mg/L 3 25 3 51iALK1WATI

Aluminium mg/L <0.005 <0.005 0.033 <0.005iMET1WCICP

Antimony mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Arsenic mg/L <0.001 <0.001 <0.001 <0.001iMET1WCMS
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LAB ID

Client ID

Sampled

001 002 003 004

Sol Tails 5 Sol Super 5 Sol Tails 6 Sol Super 6

09/07/2014 09/07/2014 14/07/2014 14/07/2014

Analyte UnitMethod

Barium mg/L 0.009 0.054 0.004 0.049iMET1WCICP

Beryllium mg/L <0.001 <0.001 <0.001 <0.001iMET1WCICP

Bicarbonate mg/L 29 62iALK1WATI

Bismuth mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Boron mg/L <0.02 0.46 <0.02 0.46iMET1WCICP

Cadmium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Calcium mg/L 0.6 30.8 0.3 17.5iMET1WCICP

Carbonate mg/L <1 <1iALK1WATI

Cerium mg/L <0.0005 <0.0005 <0.0005 <0.0005iMET1WCMS

Cesium mg/L <0.0001 0.0005 <0.0001 <0.0001iMET1WCMS

Chloride mg/L 6 287 6 180iCO1WCDA

Chromium mg/L <0.001 <0.001 <0.001 <0.001iMET1WCICP

Cobalt mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Copper mg/L <0.0001 0.0006 <0.0001 0.0006iMET1WCMS

Electrical Conductivity mS/m 3.8 123 3.2 85.3iEC1WZSE

Fluoride mg/L 0.54 0.65iF1WASE

Iron mg/L 0.010 <0.005 0.018 <0.005iMET1WCICP

Lanthanum mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Lead mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Lithium mg/L <0.005 0.016 <0.005 0.013iMET1WCICP

Magnesium mg/L 0.8 42.6 0.6 29.8iMET1WCICP

Manganese mg/L <0.001 0.001 <0.001 0.001iMET1WCICP

Mercury mg/L <0.0001 <0.0001 <0.0001 0.0001iMET1WCMS

Molybdenum mg/L <0.02 <0.02 <0.02 <0.02iMET1WCICP

Nickel mg/L <0.01 <0.01 <0.01 <0.01iMET1WCICP

pH 6.7 7.5 6.9 7.5iPH1WASE

Phosphorus mg/L <0.1 <0.1iMET1WCICP

Potassium mg/L 0.7 12.1 0.8 11.4iMET1WCICP

Rubidium mg/L 0.0023 0.021 0.0030 0.020iMET1WCMS

Scandium mg/L <0.0005 <0.0005 <0.0005 <0.0005iMET1WCMS

Selenium mg/L <0.001 0.002 <0.001 0.002iMET1WCMS

Silver mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Sodium mg/L 3.7 121 3.2 87.4iMET1WCICP

Strontium mg/L 0.006 0.21 0.002 0.10iMET1WCICP

Sulfur mg/L 1.3 28 0.9 21iMET1WCICP

Thallium mg/L <0.0001 <0.0001 <0.0001 0.0018iMET1WCMS

Thorium mg/L <0.0001 0.0001 <0.0001 0.0004iMET1WCMS

Tin mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Titanium mg/L <0.0005 <0.0005 <0.0005 <0.0005iMET1WCMS

Tungsten mg/L <0.002 <0.002 <0.002 <0.002iMET1WCMS

Uranium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Vanadium mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Zinc mg/L <0.005 0.008 <0.005 0.008iMET1WCICP

Aluminium mg/kg 6600 10500iMET2SAICP

Antimony mg/kg <0.10 <0.10iMET2SAMS

Arsenic mg/kg 59 58iMET2SAICP

Barium mg/kg 59 72iMET2SAICP

Beryllium mg/kg 2.0 2.9iMET2SAICP

Bismuth mg/kg <0.10 <0.10iMET2SAMS

Boron mg/kg <50 <50iMET2SAICP
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LAB ID

Client ID

Sampled

001 002 003 004

Sol Tails 5 Sol Super 5 Sol Tails 6 Sol Super 6

09/07/2014 09/07/2014 14/07/2014 14/07/2014

Analyte UnitMethod

Cadmium mg/kg <0.10 <0.10iMET2SAMS

Cesium mg/kg 0.21 0.44iMET2SAMS

Calcium mg/kg 350 450iMET2SAICP

Cerium mg/kg 26 45iMET2SAMS

Chloride mg/kg 93 89iCO1SEDA

Chromium mg/kg 14 19iMET2SAICP

Cobalt mg/kg <1.0 <1.0iMET2SAICP

Copper mg/kg <1.0 <1.0iMET2SAICP

Iron mg/kg 450000 480000iMET2SAICP

Lanthanum mg/kg 6.5 11iMET2SAICP

Lead mg/kg 4.2 4.5iMET2SAMS

Lithium mg/kg <2.0 3.5iMET2SAICP

Magnesium mg/kg 760 1300iMET2SAICP

Manganese mg/kg 350 540iMET2SAICP

Mercury mg/kg <0.04 <0.04iMET2SAMS

Molybdenum mg/kg 1.0 0.70iMET2SAMS

Nickel mg/kg 17 23iMET2SAICP

Potassium mg/kg 69 150iMET2SAICP

Rubidium mg/kg 0.77 1.4iMET2SAMS

Scandium mg/kg 2.2 2.4iMET2SAMS

Selenium mg/kg 0.35 0.19iMET2SAMS

Silver mg/kg <0.10 <0.10iMET2SAMS

Sodium mg/kg 180 230iMET2SAICP

Strontium mg/kg 4.4 4.7iMET2SAICP

Thallium mg/kg <0.10 <0.10iMET2SAMS

Thorium mg/kg 2.0 1.9iMET2SAMS

Tin mg/kg <5.0 <5.0iMET2SAICP

Titanium mg/kg 280 400iMET2SAICP

Tungsten mg/kg <1.0 <1.0iMET2SAMS

Uranium mg/kg 1.1 0.86iMET2SAMS

Vanadium mg/kg 15 18iMET2SAICP

Zinc mg/kg <50 61iMET2SAICP

TDS (calculated) mg/L 21 18iSOL1WDCA

LAB ID

Client ID

Sampled

005 006 007 008

Sol Tails 7 Sol Super 7 Sol Tails 8 Sol Super 8

21/07/2014 21/07/2014 28/07/2014 28/07/2014

Analyte UnitMethod

ANC (Acid Neutral. 

Cap.)

kg H2SO4/t3.2 3.3ARD

NAG pH 6.3 5.8ARD

NAG (Net Acid 

Generation)

kg H2SO4/t<0.5 <0.5ARD

Sulfur present as SO4 % <0.01 <0.01SO4 S (ARD)

Sulfur % 0.02 0.02(combs)

Total oxidisable sulfur % 0.02 0.02TOS (ARD)

Alkalinity, total mg/L 3 81 2 18iALK1WATI

Aluminium mg/L 0.035 <0.005 <0.005 <0.005iMET1WCICP

Antimony mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS
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LAB ID

Client ID

Sampled

005 006 007 008

Sol Tails 7 Sol Super 7 Sol Tails 8 Sol Super 8

21/07/2014 21/07/2014 28/07/2014 28/07/2014

Analyte UnitMethod

Arsenic mg/L <0.001 <0.001 <0.001 <0.001iMET1WCMS

Barium mg/L 0.009 0.060 0.004 0.061iMET1WCICP

Beryllium mg/L <0.001 <0.001 <0.001 <0.001iMET1WCICP

Bicarbonate mg/L 98 21iALK1WATI

Bismuth mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Boron mg/L <0.02 0.45 0.03 0.40iMET1WCICP

Cadmium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Calcium mg/L 0.7 41.5 0.3 14.2iMET1WCICP

Carbonate mg/L <1 <1iALK1WATI

Cerium mg/L <0.0005 <0.0005 <0.0005 <0.0005iMET1WCMS

Cesium mg/L <0.0001 <0.0001 <0.0001 0.0004iMET1WCMS

Chloride mg/L 9 276 4 186iCO1WCDA

Chromium mg/L <0.001 <0.001 <0.001 <0.001iMET1WCICP

Cobalt mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Copper mg/L <0.0001 0.0008 <0.0001 0.0008iMET1WCMS

Electrical Conductivity mS/m 4.0 131 3.3 86.7iEC1WZSE

Fluoride mg/L 0.58 0.27iF1WASE

Iron mg/L 0.006 0.008 0.016 <0.005iMET1WCICP

Lanthanum mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Lead mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Lithium mg/L <0.005 <0.005 <0.005 0.006iMET1WCICP

Magnesium mg/L 0.7 37.5 0.4 24.6iMET1WCICP

Manganese mg/L 0.006 0.001 0.003 0.005iMET1WCICP

Mercury mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Molybdenum mg/L <0.02 <0.02 <0.02 <0.02iMET1WCICP

Nickel mg/L <0.01 <0.01 <0.01 <0.01iMET1WCICP

pH 6.9 7.7 6.7 7.1iPH1WASE

Phosphorus mg/L <0.1 <0.1iMET1WCICP

Potassium mg/L 0.8 12.7 0.7 9.4iMET1WCICP

Rubidium mg/L 0.0043 0.015 0.0027 0.019iMET1WCMS

Scandium mg/L <0.0005 <0.0005 <0.0005 <0.0005iMET1WCMS

Selenium mg/L <0.001 0.005 <0.001 0.005iMET1WCMS

Silver mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Sodium mg/L 4.1 144 3.1 97.6iMET1WCICP

Strontium mg/L 0.007 0.31 0.003 0.14iMET1WCICP

Sulfur mg/L 1.2 37 1.3 26iMET1WCICP

Thallium mg/L <0.0001 0.0006 <0.0001 0.0003iMET1WCMS

Thorium mg/L 0.0007 <0.0001 <0.0001 <0.0001iMET1WCMS

Tin mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Titanium mg/L <0.0005 <0.0005 <0.0005 <0.0005iMET1WCMS

Tungsten mg/L <0.002 <0.002 <0.002 <0.002iMET1WCMS

Uranium mg/L 0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Vanadium mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Zinc mg/L <0.005 0.008 <0.005 0.013iMET1WCICP

Aluminium mg/kg 17500 22400iMET2SAICP

Antimony mg/kg 0.12 <0.10iMET2SAMS

Arsenic mg/kg 21 19iMET2SAMS

Barium mg/kg 50 30iMET2SAICP

Beryllium mg/kg 1.5 1.2iMET2SAICP

Bismuth mg/kg 0.13 0.14iMET2SAMS
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LAB ID

Client ID

Sampled

005 006 007 008

Sol Tails 7 Sol Super 7 Sol Tails 8 Sol Super 8

21/07/2014 21/07/2014 28/07/2014 28/07/2014

Analyte UnitMethod

Boron mg/kg <50 <50iMET2SAICP

Cadmium mg/kg <0.10 <0.10iMET2SAMS

Cesium mg/kg 0.36 0.98iMET2SAMS

Calcium mg/kg 350 250iMET2SAICP

Cerium mg/kg 20 17iMET2SAMS

Chloride mg/kg 93 120iCO1SEDA

Chromium mg/kg 25 24iMET2SAICP

Cobalt mg/kg <1.0 <1.0iMET2SAICP

Copper mg/kg <1.0 <1.0iMET2SAICP

Iron mg/kg 330000 300000iMET2SAICP

Lanthanum mg/kg 6.0 4.7iMET2SAICP

Lead mg/kg 6.2 5.9iMET2SAMS

Lithium mg/kg 4.0 6.7iMET2SAICP

Magnesium mg/kg 540 750iMET2SAICP

Manganese mg/kg 300 180iMET2SAICP

Mercury mg/kg <0.04 <0.04iMET2SAMS

Molybdenum mg/kg 0.74 0.59iMET2SAMS

Nickel mg/kg 11 13iMET2SAICP

Potassium mg/kg 230 260iMET2SAICP

Rubidium mg/kg 2.7 4.5iMET2SAMS

Scandium mg/kg 5.1 5.2iMET2SAMS

Selenium mg/kg 0.56 0.48iMET2SAMS

Silver mg/kg <0.10 <0.10iMET2SAMS

Sodium mg/kg 210 180iMET2SAICP

Strontium mg/kg 5.8 5.1iMET2SAICP

Thallium mg/kg <0.10 <0.10iMET2SAMS

Thorium mg/kg 5.3 4.7iMET2SAMS

Tin mg/kg <5.0 <5.0iMET2SAICP

Titanium mg/kg 580 570iMET2SAICP

Tungsten mg/kg <1.0 <1.0iMET2SAMS

Uranium mg/kg 1.1 1.0iMET2SAMS

Vanadium mg/kg 25 22iMET2SAICP

Zinc mg/kg <50 <50iMET2SAICP

TDS (calculated) mg/L 22 18iSOL1WDCA

LAB ID

Client ID

Sampled

009 010 011 012

CC1 Tails 5 CC1 Super 5 CC2 Tails 5 CC2 Super 5

08/07/2014 08/07/2014 07/07/2014 07/07/2014

Analyte UnitMethod

ANC (Acid Neutral. 

Cap.)

kg H2SO4/t3.5 2.9ARD

NAG pH 7.6 7.2ARD

NAG (Net Acid 

Generation)

kg H2SO4/t<0.5 <0.5ARD

Sulfur present as SO4 % 0.03 0.03SO4 S (ARD)

Sulfur % 0.06 0.04(combs)

Total oxidisable sulfur % 0.03 0.01TOS (ARD)

Alkalinity, total mg/L 4 117 7 149iALK1WATI

Aluminium mg/L 0.013 <0.005 0.022 <0.005iMET1WCICP
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Method Method Description

Alkalinity (as CaCO3) and constituents by acid titration (APHA 2320B).iALK1WATI

Extractable  anions (1:5 extract) by DA, as received.iCO1SEDA

Colourimetric analysis by DA (Discrete Autoanalyser), APHA and in house methods.iCO1WCDA

Electrical conductivity in water compensated to 25C (APHA 2510B).iEC1WZSE

Fluoride in water by ion specific electrode (ISE), APHA 4500F-C.iF1WASE

Total dissolved metals by ICPAES (APHA 3120).iMET1WCICP

Total dissolved metals by ICPMS (APHA 3125).iMET1WCMS

Acid digestable metals (dry wt basis) by digestion and ICPAES (USEPA 3051A modification).iMET2SAICP

Acid digestable metals (dry wt basis) by  ICPMS (USEPA 3051A modification).iMET2SAMS

pH in water by pH meter (APHA 4500H+)iPH1WASE

Total Dissolved Solids (TDS) calculated  (ECond * 5.5)iSOL1WDCA

Sulfur present as Sulfate (HCl ext.)SO4 S (ARD)

Total oxidisable sulfur, the difference between total S and sulfate STOS (ARD)

These results apply only to the sample(s) as received. Unless arrangements are made to the contrary, these samples will 

be disposed of after 30 days of the issue of this report.  

This report may only be reproduced in full.

Jenny McGuire

12-Sep-2014

Scientific Services Division

Science Business Manager
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ChemCentre
Inorganic Chemistry Section

Amended Report

1495940300

Tetra Tech Australia Pty Ltd

PO Box 7322

Cloisters Square PO

Perth  WA  6850

Attention: Colleen Burgers

Report on:

PO Box 1250, Bentley Delivery Centre

ABN 40 991 885 705

F +61 8 9422 9801

T +61 8 9422 9800

Bentley WA 6983

www.chemcentre.wa.gov.au

8 samples received on 26/08/2014

Purchase Order:

14E0369ChemCentre Reference:

LAB ID Material Client ID and Description

14E0369 / 001 solid Sol Tails 1

14E0369 / 002 water Sol Super 1

14E0369 / 003 solid Sol Tails 2

14E0369 / 004 water Sol Super 2

14E0369 / 005 solid Sol Tails 3

14E0369 / 006 water Sol Super 3

14E0369 / 007 solid Sol Tails 4

14E0369 / 008 water Sol Super 4

LAB ID

Client ID

Sampled

001 002 003 004

Sol Tails 1 Sol Super 1 Sol Tails 2 Sol Super 2

09/06/2014 09/06/2014 16/06/2014 16/06/2014

Analyte UnitMethod

ANC (Acid Neutral. 

Cap.)

kg H2SO4/t2.3 2.1ARD

NAG pH 6.1 5.9ARD

NAG (Net Acid 

Generation)

kg H2SO4/t<0.5 <0.5ARD

Sulfur present as SO4 % <0.01 0.01SO4 S (ARD)

Sulfur % 0.03 0.03(combs)

Total oxidisable sulfur % 0.03 0.03TOS (ARD)

Alkalinity, total mg/L 2 21 <1 6iALK1WATI

Aluminium mg/L 0.036 <0.005 <0.005 <0.005iMET1WCICP

Antimony mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Arsenic mg/L <0.001 <0.001 <0.001 <0.001iMET1WCMS

Barium mg/L 0.012 0.036 0.013 0.045iMET1WCICP

Beryllium mg/L <0.001 <0.001 <0.001 <0.001iMET1WCICP

Bicarbonate mg/L 26 8iALK1WATI

Bismuth mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Boron mg/L 0.02 0.49 <0.02 0.38iMET1WCICP

Cadmium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Calcium mg/L 0.5 21.4 0.8 20.5iMET1WCICP

Carbonate mg/L <1 <1iALK1WATI

Cerium mg/L <0.0005 <0.0005 <0.0005 <0.0005iMET1WCMS

Cesium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Chloride mg/L 5 173 3 135iCO1WCDA

Chromium mg/L <0.0005 <0.0005iMET1WCMS

Cobalt mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP
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LAB ID

Client ID

Sampled

001 002 003 004

Sol Tails 1 Sol Super 1 Sol Tails 2 Sol Super 2

09/06/2014 09/06/2014 16/06/2014 16/06/2014

Analyte UnitMethod

Copper mg/L 0.0003 0.0002 0.0002 0.0004iMET1WCMS

Electrical Conductivity mS/m 4.0 107 3.3 84.7iEC1WZSE

Fluoride mg/L 0.28 0.11iF1WASE

Iron mg/L 0.078 <0.005 0.006 <0.005iMET1WCICP

Lanthanum mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Lead mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Lithium mg/L <0.005 0.009 <0.005 <0.005iMET1WCICP

Magnesium mg/L 0.7 31.0 0.8 24.5iMET1WCICP

Manganese mg/L <0.001 <0.001 0.004 0.035iMET1WCICP

Mercury mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Molybdenum mg/L <0.02 <0.02 <0.02 <0.02iMET1WCICP

Nickel mg/L <0.01 <0.01 <0.01 <0.01iMET1WCICP

pH 6.6 6.8 6.1 6.3iPH1WASE

Phosphorus mg/L <0.1 <0.1iMET1WCICP

Potassium mg/L 0.7 10.8 0.8 9.9iMET1WCICP

Rubidium mg/L 0.0010 0.013 0.0014 0.013iMET1WCMS

Scandium mg/L <0.0005 <0.0005 <0.0005 <0.0005iMET1WCMS

Selenium mg/L <0.001 0.006 <0.001 0.005iMET1WCMS

Silver mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Sodium mg/L 4.5 126 2.5 88.0iMET1WCICP

Strontium mg/L 0.006 0.24 0.007 0.20iMET1WCICP

Sulfur mg/L 2.3 39 2.5 28iMET1WCICP

Thallium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Thorium mg/L <0.0001 0.0001 <0.0001 <0.0001iMET1WCMS

Tin mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Titanium mg/L 0.0011 <0.0005 <0.0005 <0.0005iMET1WCMS

Tungsten mg/L <0.002 <0.002 <0.002 <0.002iMET1WCMS

Uranium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Vanadium mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Zinc mg/L <0.005 0.006 <0.005 0.009iMET1WCICP

Aluminium mg/kg 23900 22500iMET2SAICP

Antimony mg/kg 0.17 0.15iMET2SAMS

Arsenic mg/kg <10 <10iMET2SAICP

Barium mg/kg 40 24iMET2SAICP

Beryllium mg/kg 0.78 0.62iMET2SAICP

Bismuth mg/kg <0.10 0.13iMET2SAMS

Boron mg/kg <50 <50iMET2SAICP

Cadmium mg/kg <0.10 <0.10iMET2SAMS

Cesium mg/kg 0.11 0.34iMET2SAMS

Calcium mg/kg 270 180iMET2SAICP

Cerium mg/kg 12 9.6iMET2SAMS

Chloride mg/kg 50 59iCO1SEDA

Chromium mg/kg 21 25iMET2SAICP

Cobalt mg/kg <1.0 <1.0iMET2SAICP

Copper mg/kg 1.7 1.1iMET2SAICP

Iron mg/kg 230000 310000iMET2SAICP

Lanthanum mg/kg 2.2 2.2iMET2SAICP

Lead mg/kg 4.2 4.3iMET2SAMS

Lithium mg/kg 4.9 3.4iMET2SAICP

Magnesium mg/kg 430 330iMET2SAICP
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LAB ID

Client ID

Sampled

001 002 003 004

Sol Tails 1 Sol Super 1 Sol Tails 2 Sol Super 2

09/06/2014 09/06/2014 16/06/2014 16/06/2014

Analyte UnitMethod

Manganese mg/kg 170 120iMET2SAICP

Mercury mg/kg <0.04 <0.04iMET2SAMS

Molybdenum mg/kg 0.59 0.74iMET2SAMS

Nickel mg/kg <10 <10iMET2SAICP

Potassium mg/kg 150 230iMET2SAICP

Rubidium mg/kg 1.6 3.3iMET2SAMS

Scandium mg/kg 4.2 4.4iMET2SAMS

Selenium mg/kg 0.39 0.84iMET2SAMS

Silver mg/kg <0.10 <0.10iMET2SAMS

Sodium mg/kg 170 <100iMET2SAICP

Strontium mg/kg 6.2 3.8iMET2SAICP

Thallium mg/kg <0.10 <0.10iMET2SAMS

Thorium mg/kg 2.8 3.2iMET2SAMS

Tin mg/kg <5.0 <5.0iMET2SAICP

Titanium mg/kg 500 630iMET2SAICP

Tungsten mg/kg <1.0 <1.0iMET2SAMS

Uranium mg/kg 0.79 0.77iMET2SAMS

Vanadium mg/kg 17 26iMET2SAICP

Zinc mg/kg <50 <50iMET2SAICP

Chromium mg/L <0.001 <0.001iMET1WCICP

TDS (calculated) mg/L 22 18iSOL1WDCA

LAB ID

Client ID

Sampled

005 006 007 008

Sol Tails 3 Sol Super 3 Sol Tails 4 Sol Super 4

24/06/2014 24/06/2014 29/06/2014 29/06/2014

Analyte UnitMethod

ANC (Acid Neutral. 

Cap.)

kg H2SO4/t2.5 2.6ARD

NAG pH 5.8 5.8ARD

NAG (Net Acid 

Generation)

kg H2SO4/t<0.5 0.8ARD

Sulfur present as SO4 % <0.01 0.01SO4 S (ARD)

Sulfur % 0.03 0.02(combs)

Total oxidisable sulfur % 0.02 0.02TOS (ARD)

Alkalinity, total mg/L 2 16 <1 1iALK1WATI

Aluminium mg/L 0.019 <0.005 0.043 0.010iMET1WCICP

Antimony mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Arsenic mg/L <0.001 <0.001 <0.001 <0.001iMET1WCMS

Barium mg/L 0.009 0.050 0.006 0.11iMET1WCICP

Beryllium mg/L <0.001 <0.001 <0.001 <0.001iMET1WCICP

Bicarbonate mg/L 20 2iALK1WATI

Bismuth mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Boron mg/L <0.02 0.26 0.03 0.27iMET1WCICP

Cadmium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Calcium mg/L 0.8 23.7 0.6 19.0iMET1WCICP

Carbonate mg/L <1 <1iALK1WATI

Cerium mg/L <0.0005 <0.0005 <0.0005 <0.0005iMET1WCMS

Cesium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Chloride mg/L 5 169 3 132iCO1WCDA
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LAB ID

Client ID

Sampled

005 006 007 008

Sol Tails 3 Sol Super 3 Sol Tails 4 Sol Super 4

24/06/2014 24/06/2014 29/06/2014 29/06/2014

Analyte UnitMethod

Chromium mg/L <0.0005 <0.0005iMET1WCMS

Cobalt mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Copper mg/L 0.0002 0.0003 0.0002 0.0003iMET1WCMS

Electrical Conductivity mS/m 4.8 92.4 3.9 78.7iEC1WZSE

Fluoride mg/L 0.13 0.05iF1WASE

Iron mg/L 0.027 0.006 0.029 0.011iMET1WCICP

Lanthanum mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Lead mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Lithium mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Magnesium mg/L 0.8 24.2 0.7 23.1iMET1WCICP

Manganese mg/L 0.002 0.002 0.002 0.026iMET1WCICP

Mercury mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Molybdenum mg/L <0.02 <0.02 <0.02 <0.02iMET1WCICP

Nickel mg/L <0.01 <0.01 <0.01 <0.01iMET1WCICP

pH 6.4 6.7 6.0 6.1iPH1WASE

Phosphorus mg/L <0.1 <0.1iMET1WCICP

Potassium mg/L 1.1 10.8 1.0 9.0iMET1WCICP

Rubidium mg/L 0.0013 0.011 0.0018 0.011iMET1WCMS

Scandium mg/L <0.0005 <0.0005 <0.0005 <0.0005iMET1WCMS

Selenium mg/L <0.001 0.006 <0.001 0.005iMET1WCMS

Silver mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Sodium mg/L 4.7 102 3.3 83.8iMET1WCICP

Strontium mg/L 0.008 0.23 0.007 0.24iMET1WCICP

Sulfur mg/L 2.8 30 3.1 23iMET1WCICP

Thallium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Thorium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Tin mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Titanium mg/L 0.0017 <0.0005 0.0009 <0.0005iMET1WCMS

Tungsten mg/L <0.002 <0.002 <0.002 <0.002iMET1WCMS

Uranium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Vanadium mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Zinc mg/L <0.005 0.018 0.011 0.025iMET1WCICP

Aluminium mg/kg 40900 40800iMET2SAICP

Antimony mg/kg <0.10 <0.10iMET2SAMS

Arsenic mg/kg <10 <10iMET2SAICP

Barium mg/kg 35 24iMET2SAICP

Beryllium mg/kg 0.97 0.79iMET2SAICP

Bismuth mg/kg 0.18 0.16iMET2SAMS

Boron mg/kg <50 <50iMET2SAICP

Cadmium mg/kg <0.10 <0.10iMET2SAMS

Cesium mg/kg 0.86 0.91iMET2SAMS

Calcium mg/kg 330 280iMET2SAICP

Cerium mg/kg 14 14iMET2SAMS

Chloride mg/kg 110 60iCO1SEDA

Chromium mg/kg 41 37iMET2SAICP

Cobalt mg/kg <1.0 <1.0iMET2SAICP

Copper mg/kg 4.0 2.5iMET2SAICP

Iron mg/kg 330000 300000iMET2SAICP

Lanthanum mg/kg 4.6 4.2iMET2SAICP

Lead mg/kg 7.3 7.5iMET2SAMS
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LAB ID

Client ID

Sampled

005 006 007 008

Sol Tails 3 Sol Super 3 Sol Tails 4 Sol Super 4

24/06/2014 24/06/2014 29/06/2014 29/06/2014

Analyte UnitMethod

Lithium mg/kg 6.6 7.8iMET2SAICP

Magnesium mg/kg 610 590iMET2SAICP

Manganese mg/kg 180 170iMET2SAICP

Mercury mg/kg <0.04 <0.04iMET2SAMS

Molybdenum mg/kg 0.94 0.88iMET2SAMS

Nickel mg/kg 12 11iMET2SAICP

Potassium mg/kg 510 470iMET2SAICP

Rubidium mg/kg 6.9 6.8iMET2SAMS

Scandium mg/kg 7.8 8.0iMET2SAMS

Selenium mg/kg 0.79 0.54iMET2SAMS

Silver mg/kg <0.10 <0.10iMET2SAMS

Sodium mg/kg 180 130iMET2SAICP

Strontium mg/kg 6.9 6.9iMET2SAICP

Thallium mg/kg <0.10 <0.10iMET2SAMS

Thorium mg/kg 4.5 4.4iMET2SAMS

Tin mg/kg <5.0 <5.0iMET2SAICP

Titanium mg/kg 1000 940iMET2SAICP

Tungsten mg/kg <1.0 <1.0iMET2SAMS

Uranium mg/kg 0.99 1.0iMET2SAMS

Vanadium mg/kg 41 36iMET2SAICP

Zinc mg/kg <50 <50iMET2SAICP

Chromium mg/L <0.001 <0.001iMET1WCICP

TDS (calculated) mg/L 27 22iSOL1WDCA

Method Method Description

Carbon and Sulfur in soils by combustion, in-house method S57.(combs)
The acid generating and acid neutralising capacities of the sample are measured. These values 

are used in acid/base accounting (ABA) to determine if the sample will generate acid after 

prolonged exposure in the environment.  The methods used are based on industry conventions.

A Net Acid Generation (NAG) test  is often used to confirm the predictions from ABA..

ARD

Alkalinity (as CaCO3) and constituents by acid titration (APHA 2320B).iALK1WATI

Extractable  anions (1:5 extract) by DA, as received.iCO1SEDA

Colourimetric analysis by DA (Discrete Autoanalyser), APHA and in house methods.iCO1WCDA

Electrical conductivity in water compensated to 25C (APHA 2510B).iEC1WZSE

Fluoride in water by ion specific electrode (ISE), APHA 4500F-C.iF1WASE

Total dissolved metals by ICPAES (APHA 3120).iMET1WCICP

Total dissolved metals by ICPMS (APHA 3125).iMET1WCMS

Acid digestable metals (dry wt basis) by digestion and ICPAES (USEPA 3051A modification).iMET2SAICP

Acid digestable metals (dry wt basis) by  ICPMS (USEPA 3051A modification).iMET2SAMS

pH in water by pH meter (APHA 4500H+)iPH1WASE

Total Dissolved Solids (TDS) calculated  (ECond * 5.5)iSOL1WDCA

Sulfur present as Sulfate (HCl ext.)SO4 S (ARD)

Total oxidisable sulfur, the difference between total S and sulfate STOS (ARD)

Please note: This is an amended report that contains information that is different from the original report. The thorium, 

thallium and lead results previously reported were incorrect. The original report must be destroyed and replaced with this 

corrected version.

These results apply only to the sample(s) as received. Unless arrangements are made to the contrary, these samples will 

be disposed of after 30 days of the issue of this report.

This report may only be reproduced in full.
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Jenny McGuire

6-Oct-2014

Scientific Services Division

Science Business Manager
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ChemCentre
Inorganic Chemistry Section

Amended Report

1495940300

Tetra Tech Australia Pty Ltd

PO Box 7322

Cloisters Square PO

Perth  WA  6850

Attention: Colleen Burgers

Report on:

PO Box 1250, Bentley Delivery Centre

ABN 40 991 885 705

F +61 8 9422 9801

T +61 8 9422 9800

Bentley WA 6983

www.chemcentre.wa.gov.au

24 samples received on 12/08/2014

Purchase Order:

14E0273ChemCentre Reference:

LAB ID Material Client ID and Description

14E0273 / 001 solid Sol Tails 5

14E0273 / 002 water Sol Super 5

14E0273 / 003 solid Sol Tails 6

14E0273 / 004 water Sol Super 6

14E0273 / 005 solid Sol Tails 7

14E0273 / 006 water Sol Super 7

14E0273 / 007 solid Sol Tails 8

14E0273 / 008 water Sol Super 8

14E0273 / 009 solid CC1 Tails 5

14E0273 / 010 water CC1 Super 5

14E0273 / 011 solid CC2 Tails 5

14E0273 / 012 water CC2 Super 5

14E0273 / 013 solid CC1 Tails 6

14E0273 / 014 water CC1 Super 6

14E0273 / 015 solid CC2 Tails 6

14E0273 / 016 water CC2 Super 6

14E0273 / 017 solid CC1 Tails 7

14E0273 / 018 water CC1 Super 7

14E0273 / 019 solid CC2 Tails 7

14E0273 / 020 water CC2 Super 7

14E0273 / 021 solid CC1 Tails 8

14E0273 / 022 water CC1 Super 8

14E0273 / 023 solid CC2 Tails 8

14E0273 / 024 water CC2 Super 8

LAB ID

Client ID

Sampled

001 002 003 004

Sol Tails 5 Sol Super 5 Sol Tails 6 Sol Super 6

09/07/2014 09/07/2014 14/07/2014 14/07/2014

Analyte UnitMethod

ANC (Acid Neutral. 

Cap.)

kg H2SO4/t3.8 4.6ARD

NAG pH 6.5 6.7ARD

NAG (Net Acid 

Generation)

kg H2SO4/t<0.5 <0.5ARD

Sulfur present as SO4 % <0.01 <0.01SO4 S (ARD)

Sulfur % 0.01 0.01(combs)

Total oxidisable sulfur % 0.01 0.01TOS (ARD)

Alkalinity, total mg/L 3 25 3 51iALK1WATI

Aluminium mg/L <0.005 <0.005 0.033 <0.005iMET1WCICP

Antimony mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Arsenic mg/L <0.001 <0.001 <0.001 <0.001iMET1WCMS
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LAB ID

Client ID

Sampled

001 002 003 004

Sol Tails 5 Sol Super 5 Sol Tails 6 Sol Super 6

09/07/2014 09/07/2014 14/07/2014 14/07/2014

Analyte UnitMethod

Barium mg/L 0.009 0.054 0.004 0.049iMET1WCICP

Beryllium mg/L <0.001 <0.001 <0.001 <0.001iMET1WCICP

Bicarbonate mg/L 29 62iALK1WATI

Bismuth mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Boron mg/L <0.02 0.46 <0.02 0.46iMET1WCICP

Cadmium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Calcium mg/L 0.6 30.8 0.3 17.5iMET1WCICP

Carbonate mg/L <1 <1iALK1WATI

Cerium mg/L <0.0005 <0.0005 <0.0005 <0.0005iMET1WCMS

Cesium mg/L <0.0001 0.0005 <0.0001 <0.0001iMET1WCMS

Chloride mg/L 6 287 6 180iCO1WCDA

Chromium mg/L <0.001 <0.001 <0.001 <0.001iMET1WCICP

Cobalt mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Copper mg/L <0.0001 0.0006 <0.0001 0.0006iMET1WCMS

Electrical Conductivity mS/m 3.8 123 3.2 85.3iEC1WZSE

Fluoride mg/L 0.54 0.65iF1WASE

Iron mg/L 0.010 <0.005 0.018 <0.005iMET1WCICP

Lanthanum mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Lead mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Lithium mg/L <0.005 0.016 <0.005 0.013iMET1WCICP

Magnesium mg/L 0.8 42.6 0.6 29.8iMET1WCICP

Manganese mg/L <0.001 0.001 <0.001 0.001iMET1WCICP

Mercury mg/L <0.0001 <0.0001 <0.0001 0.0001iMET1WCMS

Molybdenum mg/L <0.02 <0.02 <0.02 <0.02iMET1WCICP

Nickel mg/L <0.01 <0.01 <0.01 <0.01iMET1WCICP

pH 6.7 7.5 6.9 7.5iPH1WASE

Phosphorus mg/L <0.1 <0.1iMET1WCICP

Potassium mg/L 0.7 12.1 0.8 11.4iMET1WCICP

Rubidium mg/L 0.0023 0.021 0.0030 0.020iMET1WCMS

Scandium mg/L <0.0005 <0.0005 <0.0005 <0.0005iMET1WCMS

Selenium mg/L <0.001 0.002 <0.001 0.002iMET1WCMS

Silver mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Sodium mg/L 3.7 121 3.2 87.4iMET1WCICP

Strontium mg/L 0.006 0.21 0.002 0.10iMET1WCICP

Sulfur mg/L 1.3 28 0.9 21iMET1WCICP

Thallium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Thorium mg/L <0.0001 0.0001 <0.0001 0.0004iMET1WCMS

Tin mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Titanium mg/L <0.0005 <0.0005 <0.0005 <0.0005iMET1WCMS

Tungsten mg/L <0.002 <0.002 <0.002 <0.002iMET1WCMS

Uranium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Vanadium mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Zinc mg/L <0.005 0.008 <0.005 0.008iMET1WCICP

Aluminium mg/kg 6600 10500iMET2SAICP

Antimony mg/kg <0.10 <0.10iMET2SAMS

Arsenic mg/kg 59 58iMET2SAICP

Barium mg/kg 59 72iMET2SAICP

Beryllium mg/kg 2.0 2.9iMET2SAICP

Bismuth mg/kg <0.10 <0.10iMET2SAMS

Boron mg/kg <50 <50iMET2SAICP
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LAB ID

Client ID

Sampled

001 002 003 004

Sol Tails 5 Sol Super 5 Sol Tails 6 Sol Super 6

09/07/2014 09/07/2014 14/07/2014 14/07/2014

Analyte UnitMethod

Cadmium mg/kg <0.10 <0.10iMET2SAMS

Cesium mg/kg 0.21 0.44iMET2SAMS

Calcium mg/kg 350 450iMET2SAICP

Cerium mg/kg 26 45iMET2SAMS

Chloride mg/kg 93 89iCO1SEDA

Chromium mg/kg 14 19iMET2SAICP

Cobalt mg/kg <1.0 <1.0iMET2SAICP

Copper mg/kg <1.0 <1.0iMET2SAICP

Iron mg/kg 450000 480000iMET2SAICP

Lanthanum mg/kg 6.5 11iMET2SAICP

Lead mg/kg 4.2 4.5iMET2SAMS

Lithium mg/kg <2.0 3.5iMET2SAICP

Magnesium mg/kg 760 1300iMET2SAICP

Manganese mg/kg 350 540iMET2SAICP

Mercury mg/kg <0.04 <0.04iMET2SAMS

Molybdenum mg/kg 1.0 0.70iMET2SAMS

Nickel mg/kg 17 23iMET2SAICP

Potassium mg/kg 69 150iMET2SAICP

Rubidium mg/kg 0.77 1.4iMET2SAMS

Scandium mg/kg 2.2 2.4iMET2SAMS

Selenium mg/kg 0.35 0.19iMET2SAMS

Silver mg/kg <0.10 <0.10iMET2SAMS

Sodium mg/kg 180 230iMET2SAICP

Strontium mg/kg 4.4 4.7iMET2SAICP

Thallium mg/kg <0.10 <0.10iMET2SAMS

Thorium mg/kg 2.0 1.9iMET2SAMS

Tin mg/kg <5.0 <5.0iMET2SAICP

Titanium mg/kg 280 400iMET2SAICP

Tungsten mg/kg <1.0 <1.0iMET2SAMS

Uranium mg/kg 1.1 0.86iMET2SAMS

Vanadium mg/kg 15 18iMET2SAICP

Zinc mg/kg <50 61iMET2SAICP

TDS (calculated) mg/L 21 18iSOL1WDCA

LAB ID

Client ID

Sampled

005 006 007 008

Sol Tails 7 Sol Super 7 Sol Tails 8 Sol Super 8

21/07/2014 21/07/2014 28/07/2014 28/07/2014

Analyte UnitMethod

ANC (Acid Neutral. 

Cap.)

kg H2SO4/t3.2 3.3ARD

NAG pH 6.3 5.8ARD

NAG (Net Acid 

Generation)

kg H2SO4/t<0.5 <0.5ARD

Sulfur present as SO4 % <0.01 <0.01SO4 S (ARD)

Sulfur % 0.02 0.02(combs)

Total oxidisable sulfur % 0.02 0.02TOS (ARD)

Alkalinity, total mg/L 3 81 2 18iALK1WATI

Aluminium mg/L 0.035 <0.005 <0.005 <0.005iMET1WCICP

Antimony mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS
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LAB ID

Client ID

Sampled

005 006 007 008

Sol Tails 7 Sol Super 7 Sol Tails 8 Sol Super 8

21/07/2014 21/07/2014 28/07/2014 28/07/2014

Analyte UnitMethod

Arsenic mg/L <0.001 <0.001 <0.001 <0.001iMET1WCMS

Barium mg/L 0.009 0.060 0.004 0.061iMET1WCICP

Beryllium mg/L <0.001 <0.001 <0.001 <0.001iMET1WCICP

Bicarbonate mg/L 98 21iALK1WATI

Bismuth mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Boron mg/L <0.02 0.45 0.03 0.40iMET1WCICP

Cadmium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Calcium mg/L 0.7 41.5 0.3 14.2iMET1WCICP

Carbonate mg/L <1 <1iALK1WATI

Cerium mg/L <0.0005 <0.0005 <0.0005 <0.0005iMET1WCMS

Cesium mg/L <0.0001 <0.0001 <0.0001 0.0004iMET1WCMS

Chloride mg/L 9 276 4 186iCO1WCDA

Chromium mg/L <0.001 <0.001 <0.001 <0.001iMET1WCICP

Cobalt mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Copper mg/L <0.0001 0.0008 <0.0001 0.0008iMET1WCMS

Electrical Conductivity mS/m 4.0 131 3.3 86.7iEC1WZSE

Fluoride mg/L 0.58 0.27iF1WASE

Iron mg/L 0.006 0.008 0.016 <0.005iMET1WCICP

Lanthanum mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Lead mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Lithium mg/L <0.005 <0.005 <0.005 0.006iMET1WCICP

Magnesium mg/L 0.7 37.5 0.4 24.6iMET1WCICP

Manganese mg/L 0.006 0.001 0.003 0.005iMET1WCICP

Mercury mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Molybdenum mg/L <0.02 <0.02 <0.02 <0.02iMET1WCICP

Nickel mg/L <0.01 <0.01 <0.01 <0.01iMET1WCICP

pH 6.9 7.7 6.7 7.1iPH1WASE

Phosphorus mg/L <0.1 <0.1iMET1WCICP

Potassium mg/L 0.8 12.7 0.7 9.4iMET1WCICP

Rubidium mg/L 0.0043 0.015 0.0027 0.019iMET1WCMS

Scandium mg/L <0.0005 <0.0005 <0.0005 <0.0005iMET1WCMS

Selenium mg/L <0.001 0.005 <0.001 0.005iMET1WCMS

Silver mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Sodium mg/L 4.1 144 3.1 97.6iMET1WCICP

Strontium mg/L 0.007 0.31 0.003 0.14iMET1WCICP

Sulfur mg/L 1.2 37 1.3 26iMET1WCICP

Thallium mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Thorium mg/L 0.0007 <0.0001 <0.0001 <0.0001iMET1WCMS

Tin mg/L <0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Titanium mg/L <0.0005 <0.0005 <0.0005 <0.0005iMET1WCMS

Tungsten mg/L <0.002 <0.002 <0.002 <0.002iMET1WCMS

Uranium mg/L 0.0001 <0.0001 <0.0001 <0.0001iMET1WCMS

Vanadium mg/L <0.005 <0.005 <0.005 <0.005iMET1WCICP

Zinc mg/L <0.005 0.008 <0.005 0.013iMET1WCICP

Aluminium mg/kg 17500 22400iMET2SAICP

Antimony mg/kg 0.12 <0.10iMET2SAMS

Arsenic mg/kg 21 19iMET2SAMS

Barium mg/kg 50 30iMET2SAICP

Beryllium mg/kg 1.5 1.2iMET2SAICP

Bismuth mg/kg 0.13 0.14iMET2SAMS
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LAB ID

Client ID

Sampled

005 006 007 008

Sol Tails 7 Sol Super 7 Sol Tails 8 Sol Super 8

21/07/2014 21/07/2014 28/07/2014 28/07/2014

Analyte UnitMethod

Boron mg/kg <50 <50iMET2SAICP

Cadmium mg/kg <0.10 <0.10iMET2SAMS

Cesium mg/kg 0.36 0.98iMET2SAMS

Calcium mg/kg 350 250iMET2SAICP

Cerium mg/kg 20 17iMET2SAMS

Chloride mg/kg 93 120iCO1SEDA

Chromium mg/kg 25 24iMET2SAICP

Cobalt mg/kg <1.0 <1.0iMET2SAICP

Copper mg/kg <1.0 <1.0iMET2SAICP

Iron mg/kg 330000 300000iMET2SAICP

Lanthanum mg/kg 6.0 4.7iMET2SAICP

Lead mg/kg 6.2 5.9iMET2SAMS

Lithium mg/kg 4.0 6.7iMET2SAICP

Magnesium mg/kg 540 750iMET2SAICP

Manganese mg/kg 300 180iMET2SAICP

Mercury mg/kg <0.04 <0.04iMET2SAMS

Molybdenum mg/kg 0.74 0.59iMET2SAMS

Nickel mg/kg 11 13iMET2SAICP

Potassium mg/kg 230 260iMET2SAICP

Rubidium mg/kg 2.7 4.5iMET2SAMS

Scandium mg/kg 5.1 5.2iMET2SAMS

Selenium mg/kg 0.56 0.48iMET2SAMS

Silver mg/kg <0.10 <0.10iMET2SAMS

Sodium mg/kg 210 180iMET2SAICP

Strontium mg/kg 5.8 5.1iMET2SAICP

Thallium mg/kg <0.10 <0.10iMET2SAMS

Thorium mg/kg 5.3 4.7iMET2SAMS

Tin mg/kg <5.0 <5.0iMET2SAICP

Titanium mg/kg 580 570iMET2SAICP

Tungsten mg/kg <1.0 <1.0iMET2SAMS

Uranium mg/kg 1.1 1.0iMET2SAMS

Vanadium mg/kg 25 22iMET2SAICP

Zinc mg/kg <50 <50iMET2SAICP

TDS (calculated) mg/L 22 18iSOL1WDCA

LAB ID

Client ID

Sampled

009 010 011 012

CC1 Tails 5 CC1 Super 5 CC2 Tails 5 CC2 Super 5

08/07/2014 08/07/2014 07/07/2014 07/07/2014

Analyte UnitMethod

ANC (Acid Neutral. 

Cap.)

kg H2SO4/t3.5 2.9ARD

NAG pH 7.6 7.2ARD

NAG (Net Acid 

Generation)

kg H2SO4/t<0.5 <0.5ARD

Sulfur present as SO4 % 0.03 0.03SO4 S (ARD)

Sulfur % 0.06 0.04(combs)

Total oxidisable sulfur % 0.03 0.01TOS (ARD)

Alkalinity, total mg/L 4 117 7 149iALK1WATI

Aluminium mg/L 0.013 <0.005 0.022 <0.005iMET1WCICP
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Method Method Description

Electrical conductivity in water compensated to 25C (APHA 2510B).iEC1WZSE

Fluoride in water by ion specific electrode (ISE), APHA 4500F-C.iF1WASE

Total dissolved metals by ICPAES (APHA 3120).iMET1WCICP

Total dissolved metals by ICPMS (APHA 3125).iMET1WCMS

Acid digestable metals (dry wt basis) by digestion and ICPAES (USEPA 3051A modification).iMET2SAICP

Acid digestable metals (dry wt basis) by  ICPMS (USEPA 3051A modification).iMET2SAMS

pH in water by pH meter (APHA 4500H+)iPH1WASE

Total Dissolved Solids (TDS) calculated  (ECond * 5.5)iSOL1WDCA

Sulfur present as Sulfate (HCl ext.)SO4 S (ARD)

Total oxidisable sulfur, the difference between total S and sulfate STOS (ARD)

Please note: This is an amended report that contains information that is different from the original report. The thallium 

results previously reported were incorrect. The original report must be destroyed and replaced with this corrected version.

These results apply only to the sample(s) as received. Unless arrangements are made to the contrary, these samples will 

be disposed of after 30 days of the issue of this report.  

This report may only be reproduced in full.

Jenny McGuire

6-Oct-2014

Scientific Services Division

Science Business Manager
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