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Executive Summary
Mineral Resources Tasmania (MRT) commissioned pitt&sherry on the 31 March 2013 to provide
a remediation strategy for the abandoned mines in the Dundas mineral field located in the
Dundas River catchment area.

A review of information at Mineral Resources Tasmania was undertaken prior to a two day
safety and environmental field investigation of the Dundas mining field.  The desk top review
informed the field investigation and assisted the design of the safety survey and the water
monitoring undertaken in the mining field.

There are 47 historical mine sites in the Dundas mining field, 11 that are located on mining
leases and 36 that can be termed ‘abandoned’.  24 are located in the upper Dundas River
catchment, 8 are located in the Adelaide Mine Creek catchment and 15 in the Comet Creek
catchment.  There are also 2 operating mines and 1 occasionally operating mine in the mining
field, namely the Adelaide Mine, Red Lead Mine and Comet Extended respectively.

The land tenure is Crown Land managed by Forestry Tasmania, Crown Land managed by the
Parks and Wildlife Service and private freehold land.  The land managed by Forestry Tasmania
is located north of the Comet Creek and the land managed by the Parks and Wildlife Service is
located to the south of Comet Creek.  There are 14 private properties in the mining field, most
being located in the former township area, but only one property has permanent residents.

The mining field investigation was undertaken on the 16 and 17 April 2013.  Three adits
(Razorback open cut), two shafts (South Comet Mine) one glory hole (South Comet Mine) and
one shaft past the Maestries station site, which are not located on mining leases, were
identified from the survey as sites of safety concern.  Capping of all the sites is recommended
especially the roadside shaft on the road to the South Comet Mine and the roadside shaft past
the Maestries station site.

The adoption of the 80% protection of aquatic ecosystems water quality objectives was
deemed to be appropriate for the environmental assessment.  At the time of the survey, zinc
was the key contaminant that was preventing the achievement of that objective.

The South Comet Mine is the primary source of the zinc loads in the Dundas River contributing,
at the time of the survey, approximately 60% to 70% of the zinc load.  The Razorback open cut
is the source of approximately 40% to 50% of the zinc loads.  The percentage overlap of the
loads is indicative of the level of accuracy of the flow measurement and rudimentary stream
gauging but is deemed acceptable for the purposes of the investigation.

The sulphate emission rates from the South Comet Mine accounted for approximately 80% to
90% of the sulphate emission rates in the Dundas River.  The sulphate emission rates from
below the Razorback Mine accounted for approximately 30% to 40% sulphate emission rate to
the Dundas River.  The manganese emission rates in the Dundas River were made up from
approximately 50/50 from the South Comet Mine and possibly from the Razorback open cut.

The onsite mitigation of the acid drainage from the South Comet Mine is limited by the
available area and steep topography.  It is recommended that the existing mitigation area be
upgraded to improve effectiveness and efficiency.  The acid drainage from the Razorback open
cut can be mitigated by diversion to the available area of the existing wetlands.  A survey to
confirm the emission sites and rate of emissions from the Razorback open cut would be
required before this option could be pursued further.

While undertaking the survey a discharge with high solids loading was observed entering
Adelaide Mine Creek from the Red Lead Mine.  The discharge was contributing a significant
lead load to the Dundas River catchment and the emission appeared to be in the particulate
form, possibly as chromate given the elevated chromium level.

Gorse infestation exists across the mining field.  The feasibility and viability of an eradication
program should be undertaken in consultation with the West Coast Council, Forestry Tasmania
and the Parks and Wildlife Service.



pitt&sherry ref: HB13108H001 rep 31P Rev 00/JVL/jw 1

1. Introduction
Mineral Resources Tasmania (MRT) commissioned pitt&sherry on the 31 March 2013 to
provide a remediation strategy for the abandoned mines in the Dundas mineral field
located in the Dundas River catchment area.

There are 47 historical mines in the Dundas mining field, 36 of which are deemed
abandoned.  The abandoned mines present a potential risk to public safety and an
environmental risk to the quality of the Dundas River receiving waters.

Two remediation programs were undertaken in the Dundas area in the mid 1990s.  The
remediation programs related to the Razorback Mine and the South Comet Mine.

The documentation for the Razorback and South Comet mines remediation programs
are archived with MRT.  The success and sustainability of these remediation activities
have not been fully verified since implementation.

The objectives of the 2013 Dundas mineral field remediation strategy were to:

Review available remediation information

Undertake a field survey of the mining field

Identify and prioritise potential site safety and environmental risks to inform
future projects in the Dundas mining field

Supply a report to MRT providing a basis on which to prioritise future mine
remediation works.

Tasmanian abandoned mine remediation strategies and remediation works are funded
through the Rehabilitation of Abandoned Mining Lands Trust Fund administered by
MRT.

1.1 Scope of Work
The scope of works undertaken by pitt&sherry was to:

Identify abandoned mine sites in the Dundas mining field within the Dundas River
catchment utilising the MRT library information

Identify and report on the abandoned mines and their safety risks and/or adverse
environmental impacts

Undertake site investigations of the identified abandoned mines to identify open
shafts, stopes, adits and acid drainage discharges to the receiving waters

Draft a report to MRT with risk rankings and recommendations for the Dundas
mining field remediation strategy including any identified information gaps

Develop the risk rankings for the report using the principles outlined in the
Tasmanian Geological Survey Record 2001/04: Strategy - The rehabilitation of
abandoned mining lands (Revision 1)

Finalise a remediation strategy report for MRT.

1.2 Methodology
The following methodology was adopted in undertaking the project:

The number and location of abandoned mine sites in the Dundas mining field of the
Dundas River catchment were reviewed using the MRT historical information and
library documents
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Abandoned mines that had the potential to presented a risk to safety and/or the
environment were identified for further field investigation

A two day site investigation was undertaken on the 16 and 17 April 2013 to ensure
that as many sites of environmental and safety significance were assessed

GPS readings in GDA94 were taken for the key safety and environmental sites in
the mining field, for GIS mapping and for reporting and future referencing.

The coordinates were taken using a Garmin etrex, high sensitivity, GPS unit.  The
coordinates had an accuracy of approximately 5 m

Water flow measurements were taken at accessible sites, to quantify to a
reasonable degree, the pollutant emission loads from key areas of the mining field
for the remediation strategy

The measurements were taken using a General Oceanics, G.O. Environmental
Flowmeter (with standard rotor).  Rudimentary stream gaugings and measurements
were undertaken at the monitoring sites for the flow estimates

Field water quality measurements were taken at key water quality monitoring sites
using a field water quality meter

The meter used was a TPS 90-FLT Field Lab Analyser, which measured dissolved
oxygen (DO), electrical conductivity (EC), pH, oxidation reduction potential (ORP)
and temperature (TºC)

The field water measurements were field logged and saved in the Field Lab meter
memory and later downloaded for inclusion and interpretation in the monitoring
report

Water samples were collected at the key identified sites for analysis by Australian
Laboratory Services, a NATA accredited laboratory

The laboratory analytes were pH, EC, total dissolved solids, turbidity, hardness,
total alkalinity, acidity, major cations, major anions and heavy metals.  All
samples were analysed for total metals.  At the ambient water sites, 0.43 microns
field filtered ‘dissolved’ metal analyses was also undertaken

Two people undertook the site investigation to ensure that any potential safety
risks were minimised

The remediation strategy report was drafted using the GIS mapping, water quality
data, photographs, analytical results, flow results, investigation findings and
recommendations based on the Tasmanian Geological Survey Record 2001/04:
Strategy - The rehabilitation of abandoned mining lands (Revision 1)

The draft report was submitted to MRT for comment

The report was finalised taking into consideration the comments of MRT.

1.3 Limitations
The following limitations existed for the Dundas mineral field remediation strategy:

The time to review relevant historical documents

The time to fully explore the Dundas mining field area

The variability of the flow measurements and mass emission rates due to the water
flow measurements being taken over the two days of the investigation

The rudimentary field stream gauging for the flow measurements.
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2. Background Information
2.1 Dundas Mineral Field Setting

The Dundas mineral field setting is shown in Figure 1 below and in the Map 1 contained
in Appendix A.  The Dundas mining field lies approximately 7 km to the east of the
Zeehan township and approximately 9 km south of the Renison Bell mine.

The area is characterised by steep hills and mountains.  The mining field is located in
the Dundas River catchment.  The hydrological setting is characterised by the Dundas
River which flows from its origin on the north to western slopes of Mt Dundas.  The
river flows in a westerly direction to its confluence with the Little Henty River, which
also flows westwards to the coast and the ocean.

2.2 Historical Reference Documents
The following MRT reference documents were reviewed to inform the design of the
field investigations for the remediation strategy report.

Environmental Geology of the Dundas Drainage Basin, Jeremy S. Lawrence, Centre
for Ore Deposits and Exploration Studies, UTAS, May 1996

The Great South Comet Mine – Dundas, B.L. Taylor

South Comet Mine, D.J. Barrell, Narrow Vein Mining Seminar, Bendigo VIC, 1993

CRA Exploration P/L, EL10/93, Razorback, Final Report, CRAE Report No. 22651

MRT – South Comet Mine plan.

The documents are contained in Appendix B.

2.3 Current Mining Leases
There are 8 mining leases in the region, with 7 mining leases in the Dundas River
catchment.  The 7 Dundas River catchment mining leases are named below.

19M/94 – B.D. Stark

9M/2001 – S.L. Dohnt

18M/2001 – M. & E. Phelan
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16M/2000 – J.B. Bishop

9M/2004 – Australian Mineral Mines Pty Ltd

25M/2000 – M. & E. Phelan

74M/74 – Adelaide Mining Company Pty Ltd.

The mining lease (ML) sites are shown in Maps 2 and Map 3 contained in Appendix A.

Figure 1 - Dundas mineral field setting

2.4 Heritage
No heritage values were identified during the Dundas reference document review or
during the field investigation.  A mining rail wagon has been left on the main adit
roadway level at the South Comet Mine.

2.5 Historical Water Monitoring Sites
J.S. Lawrence undertook water quality monitoring of the Dundas River from November
1995 to April 1996.  The water monitoring sites are shown in Map 4 in Appendix A.  The
2013 Dundas survey adopted several of the Lawrence 1995/1996 sites for continuity
and future scientific reference.  The 1995/1996 water monitoring sites are shown in
Map 5 in Appendix A.

The opportunity was taken to place the 1995/96 water quality data onto new
spreadsheets along with the new 2013 data.  The updated water quality monitoring
database is contained in Appendix C.
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2.6 Land Tenure
The land tenures in the Dundas mining field are private freehold land, Crown Land
managed by Forestry Tasmania (FT) and Crown Land managed by the Park and Wildlife
Service (PWS).  The area managed by FT is north of the Comet Creek.  The area
managed by PWS is south of the Comet Creek.  The private properties are mainly
located in the former township area.

2.6.1 Private Properties
There are 14 private properties in the Dundas mining field with 14 owners.  A list of the
owners and property details are outlined in Table 1 below (Courtesy of LIST).

Volume Folio PID Owners

128678 10 - Sweet, Robert Lewis

128678 8 - Fitzgerald, George Parker

128677 29 - Ward, Barbara

128678 11 - Jenkins, Henry Alfred

128678 9 6028856 Blacklow, Caroline Joy

128676 9 6028899 Wilkinson, Amy Jane

128676 18 6029007 J Boag & Son Brewing Ltd

128676 14 - Kingsley, Oscar Charles

128678 12 - O'Byrne, Martin

128676 15 6028928 Phelan, Michael Frank & Phelan, Eleanor Patricia

128676 1 6028987 Woodward, Enoch

128800 5 - Fitzgerald, George Parker

128678 13 - White, William

231877 1 - The Commonwealth Bank of Tasmania Ltd

Table 1 - Private freehold properties in the Dundas mining field

The locations of the private properties are shown in Map 6 contained in Appendix A.

2.7 Identified Sites for Investigation
The historical Dundas sites identified as being of interest during the reviewing of the
MRT information for the field investigation were placed onto a GIS.  The large amount
of information relating to the Dundas mineralised areas, prospective areas and mineral
occurrences was not included in the GIS for the sites for field investigation and
reporting.

The current and historical mining sites are shown in Map 7 in Appendix A with an
overlay of the current mining leases shown in Map 8 in Appendix A.   The names of the
historical mine sites taken from the MRT database are shown in Map 9 in Appendix A.

The key Dundas safety risk areas selected from the review of the MRT information for
the survey are outlined below.

Razorback Mine area

Comet & Maestries mining areas
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South Comet Mine area.

These areas were selected because they are not on existing mining leases and because
they have historical workings that are safely accessible.

The key Dundas water monitoring sites selected to be included in the survey are
outlined below.

Dundas River at Zeehan highway (DR01)

Dundas River at the township bridge (DR16)

Razorback Mine area (RB03 and RB04)

Maestries ‘railway station’ drainage (DR17)

South Comet Mine discharge (SCM13)

Adelaide Mine Creek below the Red Lead Mine (AMC09)

Comet Creek above the Adelaide Mine (CC10).

It was proposed to inspect the following discharges because of the close proximity of
these discharges to the receiving water monitoring sites.

Adelaide Mine discharge (AM18)

Red Lead Mine (RL19).

Many of the historical workings are located on MLs and are the responsibility of the
lease holders and not the Crown.  Hazards identified on MLs are not eligible for the
rehabilitation under the Rehabilitation of Abandoned Mining Lands Trust Fund as the
leases are not ‘abandoned’.

Two of the surface water monitoring sites are located on MLs, and access onto the
leases was required for the monitoring.

2.8 GIS Mapping Information
The locations of the historical and field identified sites were placed into a GIS.  The
GIS maps are contained in Appendix A.  The map descriptions are as follows.

Map 1 – Dundas mining field setting

Map 2 – Dundas mining leases

Map 3 – Dundas mining leases

Map 4 – 1995/96 water monitoring sites

Map 5 – 2013 water monitoring sites

Map 6 – Private properties sites

Map 7 – Historical mine sites

Map 8 – Historical mine sites with ML overlay

Map 9 – Historical mine site names

Map10 – Identified safety risk sites

Map 11 – Identified safety sites with ML overlay.

2.9 Preliminary Risk Assessment
A safety risk assessment was undertaken for the sites with reference to AS/NZS
4360:1999.  The risk assessment is summarised below.



pitt&sherry ref: HB13108H001 rep 31P Rev 00/JVL/jw 7

2.9.1 Hazard Analysis

Identified Hazards
The key potential hazards identified are listed below.

Steep slopes

Thick scrub

Road and track condition variability

Weather variability

Ground stability variability

Site infrastructure condition including, embankments, dams and bridges etc

Open workings including stopes, shafts, adits and open cuts

Mineral exploration, mining and traffic activities in the area.

Potential Risks
The key potential risks identified are listed below.

Land slip and erosion

Flood

Fire

Failure of infrastructure including, embankments dams and bridges.

Potential Impacts
The key potential impacts identified are listed below.

Loss of life

Falls and injuries including bites and exposure

Reduced downstream water quality

Reduced aquatic habitat

Sediment deposition on land in other ownership

Damage to downstream values and uses and infrastructure

Loss of equipment

Contravention of the EMPCA and the State water quality policy

Contravention of the LUPAA

Amenity impact on residents now living in the Dundas mining area

Hindrance to existing mining and exploration works.

2.9.2 Risk Assessment
The inherent risks in the mining field, as outlined in the hazard analysis above,
indicated that the area had a high risk ranking.

Although the likelihood was unlikely or rare, the ranking was high due to the
potentially major or catastrophic impact consequences (e.g. loss of life) (refer to
AS/NZS 4360:1999 risk level matrix).
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The high risk ranking was used in the rehabilitation criteria for the public safety risk
section of the Tasmanian Geological Survey Record 2001/04: Strategy - The
rehabilitation of abandoned mining lands (Revision 1).

2.10 State Policy on Water Quality Management 1997

2.10.1 Protected Environmental Values
The protected environmental values (PEVs) for surface waters in the Dundas River
catchment area have been establish by the West Coast Council and the Department of
Primary Industries, Parks, Water and Environment in accordance with the State Policy
on Water Quality Management 1997.

The document outlining the PEVs is the Environmental Management Goals for
Tasmanian Surface Waters, West Coast Municipal Area (Excluding the Gordon and
Pieman River Catchments) December 2000.

The PEVs for the Dundas River are specified in the West Coast municipality PEV
document and are summarised as follows:

A: Protection of Aquatic Ecosystems

(ii) Protection of modified (not pristine) ecosystem

(a) from which edible fish are not harvested

B: Recreational Water Quality & Aesthetics

(i) Primary contact water quality (Dundas River at Zeehan Highway bridge)

(ii) Secondary contact water quality

(iii) Aesthetic water quality.

That is, as a minimum, water quality management strategies should provide water of a
physical and chemical nature to support a modified ecosystem from which edible fish
may not be harvested; which will allow people to safely engage in recreation activities
such as swimming (Dundas River at Highway Bridge), paddling or boating in
aesthetically pleasing waters.

2.10.2 Water Quality Objectives
The water quality objectives (WQO) for the Dundas River catchment have not been
established by the Board of the EPA.  Site specific WQOs can be established where
sufficient scientific data is available.

Where data is not available, the WQOs default to the trigger values in the Australian
and New Zealand Guidelines for Fresh and Marine Water Quality 2000 (known as the
ANZECC guidelines).  Currently the establishment of WQOs for the Dundas River would
require the ANZECC guideline trigger values.

Given the history of the site and the historical impacts, it is reasonable to assume that
the ANZECC guidelines WQOs trigger values for the 80% protection for aquatic
ecosystems should apply for the Dundas River.

2.10.3 Key Water Quality Indicators
The trigger values for 80% protection of aquatic ecosystems will be used for the
assessment of environmental risks for the remediation strategy.  The key indicators and
the WQOs for the Dundas River are outlined in Table 2 below.
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Parameter ANZECC trigger values 80% protection

pH 6.5 – 7.5

Electrical Conductivity (EC) uS/cm 30 – 350

Turbidity (NTU) 2 – 25

Dissolved oxygen (DO) % saturation 90 - 110

Aluminium (Al) mg/L 0.150

Cadmium (Cd) mg/L 0.0008

Chromium (Cr) mg/L 0.040

Copper (Cu) mg/L 0.0025

Lead (Pb) mg/L 0.0094

Manganese (Mn) mg/L 3.600

Nickel (Ni) mg/L 0.017

Zinc (Zn) mg/L 0.031

Mercury (Hg) mg/L 0.0054

Table 2 - Assumed water quality objectives

3. Site Investigations
Prior to the site investigations, the contactable people associated with the mining
leases, the mining operations, exploration drilling activities and private property
owners were consulted.

The site investigations were undertaken on 16 and 17 April 2013.  The investigations
proceeded in the order of the selected sites as shown in section 2.7.

This involved working on the first day from the Dundas River at the highway bridge up
through the township area including a visit to a private land owner, around the
Razorback Mine area, across to the Maestries and Comet areas and finally to the South
Comet Mine area.  The second day involved working on the Adelaide Mine area and the
Red Lead Mine area.

The weather on both days was fine and mild with no rainfall.  The rainfall data leading
up to the site investigations is summarised in Table 3 below (courtesy Bureau of
Meteorology – Zeehan Post Office station).

Date Rainfall - mm Long term averages - mm

January 2013 113 131 for month January

February 2013 56 98 for month February

March 2013 161 143 for month March

1 to 16 April 2013 82 199 for month April

9 to 16 April 2013  55 2440 annually

14 April 2013 25

Table 3 - Rainfall data before site investigation
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Given the weather conditions leading up to the area investigation, the measured
surface water flows and concentrations and associated pollutant mass emission rates
can be deemed reasonably representative of normal Dundas flows and emissions.

Photographs were taken at certain sites during the site investigations and included in
the report for site appreciation and future reference.  The photographs are contained
in Appendix D.

3.1 Site Measurements

3.1.1 Field Flow Measurements
Water flow measurements were taken at the monitoring sites during the two day
investigation.  The flow information is contained in Appendix E.

A summary of the flow measurements are contained in Table 4 below.

Site Date Flow L/s

Dundas River at Zeehan highway DR01 16 April 2013 598

Dundas River at township bridge DR16 16 April 2013 230

Razorback road culvert drainage to lower wetlands RB03 16 April 2013 2

Razorback tailings dam spillway RB04 16 April 2013 76

Maestries mill road culvert drain DR17 16 April 2013 3

South Comet Mine road pond drainage SCM13 16 April 2013 3

Comet Creek above Adelaide Mine bridge CC10 17 April 2013 371

Adelaide Mine Creek AMC09 17 April 2013 54

Red Lead Mine discharge RL19 17 April 2013 2

Table 4 - Flow measurement dates

Findings
The flow of the Dundas River at the Zeehan Highway DR01 was approximately 600 L/s.
This was made up of flow from the flow at the old township bridge DR16, Comet Creek
CC10 and Adelaide Mine Creek AMC09.

The measured flows from these three creeks totalled approximately 370 L/s.  The
difference of approximately 230 L/s would be coming from Climie Creek, Fernfield
Creek and local groundwater seepage.  This flow difference appears reasonable.
The flow rates were used to give an indication of the mass emission rate of the key
water quality indicators.

3.1.2 Field Water Quality Measurements
The field water quality measurements were taken at the same time as flow
measurements were taken.  A summary of the field water quality data is contained in
Table 5 below.
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Date Site ID
Oxygen
%

EC
uS/cm

pH
ORP
mV

Turbidity
NTU

Temp.
Degree C

16/04/2013 DR01 96.9 75.4 6.04 180 -1 7.5

16/04/2013 DR16 85.4 84.3 6.22 195 -1 9.2

16/04/2013 RB03 89.9 237.0 6.46 215 -3 13.7

16/04/2013 RB04 86.3 107.3 6.74 205 -1 12.8

16/04/2013 DR17 86.1 98.7 6.17 124 23 12.3

16/04/2013 SCM13 88.2 1750.0 3.17 365 54 13.0

17/04/2013 AM18 46.4 118.5 5.76 237 2 9.5

17/04/2013 RL19 94.0 98.2 5.88 236 2668 10.3

17/04/2013 AMC09 83.9 102.0 6.01 247 2 8.8

17/04/2013 CC10 108.4 71.3 6.40 277 0 9.0

Table 5 - Field measured water quality data

Findings
The field measured water quality measurements indicated that in the main the
physical parameters were acceptable and aesthetically pleasing.

The exceptions were the discharge from the South Comet Mine which had a low pH and
high salinity reflecting the acid drainage (AD) from the old workings, and the discharge
from the Red Lead Mine which contained very high suspended solids loads.

3.2 Analytical Results
The analytical report for the water samples taken for each site is contained in
Appendix F.  The water samples were taken on the same days as the flow
measurements.  A summary of the key water quality parameters is contained in Table 6
below.

The 2013 water monitoring results were included in a database along with the 1995/96
monitoring results.  The updated database is contained in Appendix C.

The total metal analysis was undertaken on all the waters samples.  The total metal
analysis was deemed to give a more accurate assessment of the mass emission rates
and mass balances across the mining field.

The dissolved metal analyses were also requested on the receiving water samples,
namely the Dundas River at the Zeehan Highway and the former Dundas township
bridge, the Comet Creek and the Adelaide Mine Creek.  These samples were field
filtered on 0.43 micron filters.  The filtered water sample analyses gave a more
representative indication of the toxicity risk to the aquatic ecosystems.  The Red Lead
Mine discharge water was also field filtered due to the very high solids loading in the
discharge.

3.2.1 Findings
The 2013 results were consistent with the previous results and were of a similar order
of magnitude.  The updated database does indicate the highly variable concentrations
of contaminants in the surface waters in the Dundas River catchment.
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This variation is most likely due to the variability of the surface water flows and the
different times of concentration for surface water and groundwater into the lower
catchment as well as the infiltration rates in to the different mine workings.

The chloride/sulphate ratio in surface water due to seawater mist fallout is typically
7:1.  Surface waters in the Dundas River catchment were much lower than the 7:1
which indicates sulphide oxidation activity and acid range (AD) in the catchment.

The stream alkalinity and acidity results were acceptable with the exception of the
South Comet Mine discharge.  The high calcium and magnesium levels are indicative of
the partial neutralisation of AD by the alkalinity in the surrounding geological material.
The mining field geology has reasonable acid buffering and neutralisation capacity.
Only the direct discharge from the South Comet Mine showed the low pH and high
acidity and EC associated with AD.

The analyses indicate that there is negligible arsenic, mercury, fluoride emissions in
the catchment.  The analytical results show a reasonable agreement with the field
water quality readings.

Table 6 below shows that the Dundas River exceeded the ANZECC guidelines zinc
trigger values for the 80% protection of aquatic ecosystems.  The Adelaide Mine Creek
also exceeded the zinc trigger values.  Comet Creek did not exceed the zinc values.
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Sites/Parameters

SO4 Cl T/Al D/Al T/Cd D/Cd T/Cr D/Cr T/Cu D/Cu T/Pb D/Pb T/Mn D/Mn T/Ni D/Ni T/Zn D/Zn T/Fe D/Fe

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

1. Dundas @ highway 7.0 16.0 0.120 0.070 0.0004 0.0004 0.002 0.002 0.004 0.002 0.006 0.004 0.152 0.153 0.007 0.006 0.133 0.134 0.350 0.270

3. Razorback Mine drainage 58.0 16.0 <0.010 0.0009 <0.001 <0.001 <0.001 0.032 0.062 0.194 <0.05

4. Razorback tailings dam 6.0 18.0 0.120 0.0002 0.003 0.002 0.006 0.271 0.035 0.024 0.600

9. Adelaide Mine Ck below Red Lead 16.0 18.0 0.110 0.050 0.003 0.0028 0.004 0.003 0.003 0.002 0.025 0.008 0.983 0.938 0.015 0.013 1.03 1.010 0.320 0.200

13. South Comet Mine tailings dam 1180.0 14.0 0.480 0.327 0.001 0.029 1.27 <0.001 0.361 111.0 19.700

16. Dundas @ township bridge 7.0 16.0 0.100 0.060 0.0006 0.0003 <0.001 <0.001 0.008 0.002 0.007 0.005 0.205 0.140 0.011 0.009 0.174 0.100 0.420 0.290

17. Maestries culvert to DR 18.0 15.0 0.220 0.0094 0.003 0.004 0.297 2.390 0.007 2.61 2.690

18. Adelaide Mine adit pond water 8.0 14.0 0.020 0.0013 0.006 0.002 0.019 0.169 0.052 0.209 0.140

19. Red Lead Mine discharge 22.0 17.0 5.620 <0.01 0.0046 <0.0001 0.950 0.104 0.127 <0.001 57.4 <0.001 15.400 0.042 0.427 0.017 1.05 0.009 22.200 <0.5

CC10 Comet above Adelaide Mine 5.0 14.0 0.040 0.020 <0.0001 <0.0001 <0.001 <0.001 0.002 0.002 0.024 0.003 0.142 0.127 0.004 0.003 0.02 0.015 0.260 0.150

ANZECC WQ guidelines 80% 0.150 0.0008 0.040 0.0025 0.0094 3.600 0.017 0.031

Table 6 - Analytical results for key water quality parameters

Results of interest in Table 6 are highlighted and shown in bold font.
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3.3 Mass Emission Rates
The mass emission rate for each parameter at each site was calculated using the site
flow and the water concentration.  The emission rate calculations and graphs are
contained in Appendix C.  A summary of the emission rates is contained in Table 7.

The emission rates were indicative only as no rating curves and gauges were available
for the sites and only basic field gaugings were done at the time of measurement.  The
flow measurements were taken across two days, which also contribute to inaccuracies.
However for the purposes of the investigation, the measurements gave a reasonable
indication of the emission loads from key areas.

The mass emission rates for arsenic, cadmium, chromium, copper and nickel were too
low to give a reasonable indication of AD sources and are not be discussed further.

The sulphate emissions rates were used as a primary indicator of AD loads as the
sulphate anion is stable in the aerobic environment with most sulphates being soluble
minimising particulate settling while monitoring.

The iron and aluminium levels can vary due to settling and remobilisation of iron and
aluminium hydroxide particles during different flow regimes.  Regardless, the iron and
aluminium levels and emission rate calculations were still used as general indicators of
the oxidation of pyrite and other iron sulphide minerals.

The emission rates for secondary AD metals such as zinc, lead and manganese are also
indicators of AD.  The zinc and manganese are soluble in ambient waters with pH levels
<7.  Lead sulphate is insoluble and presents potential errors also.

3.3.1 Mass Emission Findings

Acid Drainage
The major source of the AD into the Dundas River was the South Comet Mine.  This was
reflected in the measured emission rates in the downstream Adelaide Mine Creek.  It
was also evident that the Red Lead Mine was a significant source of particulate lead
and dissolved chromium into the Adelaide Mine Creek and the Dundas River, but this
discharge was not an AD emission.

The next highest contributor to the AD loads in the Dundas River was the Razorback
Mine.  The likely cause of the elevated AD loads and poor mass balance at DR16 may be
undetected fugitive emissions from around the Razorback open cut area.  The
envisaged significant input into the Dundas River from the Maestries mill area was not
reflected in the Maestries area monitoring undertaken during the investigation.

The suspected Razorback open cut emissions may be from drill holes to the south of
the open cut.  The desk top design of the investigation indicated that the open cut
drainage would report to the wetlands area, hence the location of the 2013 RB03
monitoring site.

Based on the analytical results, it is likely that the source from the Razorback open cut
reports to the Dundas River to the south or southeast of the open cut and not to the
northeast.  Further monitoring at the former Dundas River bridge site to the Razorback
Mine, at another site further upstream on the Dundas River and a site on the small
tributary that flows to the south on the western side of the open cut would confirm
and delineate the emissions from the Razorback as measured at DR16.

The Comet Creek catchment had the lowest AD mass emissions into the Dundas River.
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Dundas Mass Emission Rates

Sites/Parameters SO4 T/Al T/As T/Cd T/Cr T/Cu T/Pb T/Mn T/Ni T/Zn T/Fe

1. Dundas @ highway

Emission rate kg/d 361.7 6.2 0.0 0.0 0.1 0.2 0.3 7.9 0.4 6.9 18.1

3. Razorback Mine drainage

Emission rate kg/d 11.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

4. Razorback tailings dam

Emission rate kg/d 39.4 0.8 0.0 0.0 0.0 0.0 0.0 1.8 0.2 0.2 3.9

9. Adelaide Mine Ck below Red
Lead

Emission rate kg/d 74.6 0.5 0.0 0.0 0.0 0.0 0.1 4.6 0.1 4.8 1.5

13. South Comet Mine tailings
dam

Emission rate kg/d 305.9 0.1 0.0 0.1 0.0 0.0 0.3 0.0 0.1 28.8 5.1

16. Dundas @ township bridge

Emission rate kg/d 137.9 2.0 0.0 0.0 0.0 0.2 0.1 4.0 0.2 3.4 8.3

17. Maestries culvert to DR

Emission rate kg/d 4.2 0.1 0.0 0.0 0.0 0.0 0.1 0.6 0.0 0.6 0.6

19. Red Lead Mine discharge

Emission rate kg/d 3.2 0.8 0.0 0.0 0.1 0.0 8.4 2.3 0.1 0.2 3.3

CC10 Comet above Adelaide Mine

Emission rate kg/d 38.9 0.3 0.0 0.0 0.0 0.0 0.2 1.1 0.0 0.2 2.0

Table 7 - Mass emission rates for key parameters

Results of interest in Table 7 are highlighted and shown in bold font.
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Individual Indicators
The mass emissions rates at the time of the monitoring, for each key impact indicator,
at the targeted monitoring sites, are summarised in the graphs in Figure 2 below.

The mass emissions rates are calculated from the site flows and are therefore affected
by the site flow variations, but still give an indication of the mass emissions and
information gaps.

The vertical axes in each graph show the mass emission rate in kilograms per day for
the key impact indicators.  The horizontal axes in each graph uses site numbers to
identify the actual site names and locations.

The site numbers in the horizontal axes and their corresponding site locations and
names are tabulated below.

Site Numbers Site Locations and Names

1 Dundas R at Zeehan highway (DR01)

3 Razorback drainage (RB03)

4 Razorback tailings spillway (RB04)

9 Adelaide Mine Creek (AMC09)

10 Comet Creek (CC10)

13 South Comet Mine drainage (SCM13)

16 Dundas R at township bridge (DR16)

17 Maestries mill road culvert (DR17)

18 Adelaide Mine lower adit pond (AM18)

19 Red Lead Mine lower adit discharge (RL19)

The key points emanating from the study of the individual impact indicators can be
summarised as follows:

Sulphate: The major sulphate emission rate was coming from the South Comet
Mine (site #13 on the sulphate graph).  An estimated 80% to 90% of the sulphate
was coming from this mine.  The emission rate was also reflected in the elevated
sulphate rate in the downstream Adelaide Mine Creek (site #9).

A lesser sulphate rate was measured at the Dundas township bridge site below the
Razorback Mine (site #16 on the sulphate graph).  An estimated 30% to 40% of the
catchment sulphate was originating from this section of the catchment.

Upstream monitoring at the Maestries (DR17) site did not detect the sulphate load
required for the DR16 load.  The extra load may be coming from the Razorback
open cut in between.  The Comet Creek, Maestries, Razorback tailings dam and
Razorback wetlands had lower sulphate emission rates

Zinc: The major zinc emission rate was coming from the South Comet Mine (site
#13 on the zinc graph).  An estimated 60% to 70% was coming from the mine.  This
emission rate was reflected in the elevated zinc emission rate measured in the
Adelaide Mine Creek.

There was a lesser zinc mass rate measured at the Dundas township bridge site
below the Razorback Mine (site #16 on the zinc graph).  An estimated 40% to 50%
was coming from this area of the catchment.  Upstream monitoring of the
Maestries area (DR17) did not identify any significant zinc emission rate.
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The source of the zinc mass emission measured at DR16 may be coming from a
Razorback open cut discharge in between the two monitored sites.  The Comet
Creek, Maestries and Razorback tailings dam and the Razorback wetlands had lower
zinc emission rates

Lead: The major lead mass emission rate into the catchment was coming from the
operating Red Lead Mine (site #19 on the lead graph).  The lead emission was
caused by the high solids loadings in a discharge from that mine’s settling pond.
The pond was under designed even for the lowest discharge flows.  The filtered
discharge sample contained no lead, so the lead emission was particulate

Manganese: The main manganese mass emissions were split approximately 50/50
between the Dundas below the Razorback (site #16 on the manganese graph) and
the Adelaide Mine Creek (site #9 on the manganese graph).  The manganese
emission at DR16 (site #16) was not identified upstream apart from an input from
the Razorback tailings dam and the source is likely to be from a Razorback open
cut discharge in between.

Iron and Aluminium: The main iron and aluminium mass emission rates were
coming from the Dundas township bridge site below Razorback Mine (site #16 on
the iron and aluminium graphs).  As discussed for the sulphate, zinc and
manganese, the upstream emission rate at DR17 did not account for the emission
rate at DR16 and the Razorback open cut may be the source of the unaccounted
emission rates.
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Figure 2 - Mass emission rate graphs

The mass emission rates can be assumed to be indicative of the loads after normal
rainfall.  The mass emission rates may vary at different times and the rates are likely
to be much higher during high rainfall events, and therefore during high creek and river
flows, but the contaminant concentrations are likely to be lower.
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4. Safety Assessment
The locations of the safety risk sites identified from the MRT review and from the field
investigation were placed onto a GIS.  The safety risk sites are contained in Map 10 in
Appendix A.  The safety risk sites with the MLs overlaid are shown in Map 11 in
Appendix A.

4.1 Razorback Mine
The Razorback tailings dam and wetland areas appeared quite stable and sound.  The
rehabilitation appeared quite successful.  Key tracks were of reasonable quality.  It
was apparent that vehicles had been accessing the Razorback mining area.  It is not
known whether this access was by the general public, land managers or exploration
activities personnel.

There were several adits in the open cut that remain open.  One of the adits contained
hydrogen sulphide gas and would be quite dangerous if entered out of interest or for
fossicking for geological samples, even for a short period.

It is recommended that these adits should be permanently closed either using an
excavator to bury the adits or by blasting overhanging rock or both.  The site of the
adits is shown as site #1 in Map 10 in Appendix A.

The access bridge to the mining area was removed during the rehabilitation plan but
an alternative track accesses the mining area via a rough river ford crossing just
downstream of the former bridge.  Any river crossing can be risky but the Dundas River
crossing at this site may be challenging for inexperienced four wheel drive drivers.  It
is likely that the stream level can change quickly and is susceptible to flash flooding.

The switchback road to the open cut is becoming eroded due to the AD emissions down
the road damaging the road.  Refer to site #2 in Map 10 in Appendix A.

It is recommended that a security gate be installed at the river to prevent motor
vehicle access.  The area did not appear to present any major risk to trail bike or quad
bike access so the gate could be designed to prevent motor vehicles only.

Photographs 2 to 8 in Appendix D give an appreciation of the site observations at the
Razorback Mine.

4.2 Maestries Mine and Comet Mine Areas
The known shaft sites were inspected and found to be safe.  No new shaft sites were
identified in the area.  The access road through this area was in good condition and
was being used by exploration companies in the Kosminski Hill area and South Comet
Mine areas.  The road had a sound security gate.  There were no safety sites identified
in this area.

4.3 Site ‘Past’ Maestries Station
Following the site investigations, further information was supplied by local residents
regarding an open shaft ‘past’ the Maestries station/mill site.  The site is located on
the northern side of the track past the former 1995/96 Dundas River water monitoring
site #06.  This site has been flagged for future identification and it is recommended
that the shaft is capped.

Refer to site #17 on Map 10 in Appendix A.
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4.4 Kosminski Hill
A shaft exists next to the refurbished drill track heading east off the main track to
South Comet Mine up Kosminski Hill.  That shaft has been concrete capped by
contractors working for MRT since the site investigation.  The approximate location is
shown on Map 3 in Appendix A.

4.5 South Comet Mine
The road from the Maestries area to the South Comet Mine was in reasonable condition
and fit for purpose.  Exploration companies were using the road to get to Kosminskis
Hill and the South Comet Mine exploration areas.

There were two shafts located in the South Comet Mine area that were open, not
readily visible, deep and dangerous.   The first was next to the road before reaching
the mine.  It was on the uphill or NE side of the road.  The second shaft was located
towards the top of the hill south of the South Comet Mine.  It was likely to have been a
shaft for the ventilation of the mine or part of the extended mine on the other side of
the hill.

The location of the shafts is shown as site #9 and site #4 respectively in Map 10 in
Appendix A.  It is recommended that these two shafts and the glory hole be capped.

Access to the road side shaft is obviously easy, while the access to the upper shaft is
more challenging.  One strand of barbed wire had been placed around the upper shaft.
The opportunity was taken to place high visibility safety tape around the shaft.  Both
shafts should be capped.

There is an open cut or glory hole half way up the hill behind the South Comet Mine.
This historical opening may have been used as an air shaft for the last mine operations
(pers. comm. T Akerman).

This disturbance is not as dangerous as the two shafts due to a road side berm wall but
is still a potential hazard, and may be a water ingress point to the mine.  The location
of the open working is shown as site #5 in Map 10 in Appendix A.

The historical mine workings are located in very steep country.  Rehabilitation
measures were implemented on closure and there is evidence of some on going
success.  However, several other areas of the historical workings on the side of the hill
are still eroding and landslides in these areas are inevitable over time.

Photographs 19 and 20 in Appendix D give an appreciation of the safety sites at the
South Comet Mine.

4.6 Red Lead Mine
No safety issues were observed in the Red Lead Mine area while undertaking water
monitoring.  The access road appeared fit for purpose if travelled at an appropriate
speed and in a responsible manner.

4.7 Adelaide Mine
An open, deep, highly visible historical shaft was inspected at the Adelaide Mine.  The
shaft is located on a mining lease and any safety aspects are the responsibility of the
lease holder.  The location of the shaft is site #3 shown in Map 10 in Appendix A.

Refer to Photographs 33 to 36 in Appendix D.
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4.8 West Comet Mine Area
Two shafts are known to exist on the West Comet Mine.  One has a head frame and the
other is a conical depression.  Both shafts are visible and easily fenced.  They are
located on an ML and any safety aspects are the responsibility of the lease holder.

4.9 Other Areas
During consultation with lease holders, the possibility of shafts in the lower West
Comet area was mentioned.  These possible shafts were noted during discussions and
placed on the safety GIS map for future reference (refer to sites #6, #10 and #11 in
Map 10 in Appendix A).

All but one of these possible shafts are located on mining leases and were not
inspected under the investigation program.  However some historical safety risks can
exist on the leases without the lease holder being aware.

It is recommended that lease holders be contacted to discuss the potential for
historical open shafts to exist on Dundas MLs and to request that lease holders
document, make safe any open shafts and adits and notify MRT.

5. Environment Assessment
5.1 Razorback Mine

AD was observed running down the access tracks to the open cut.  The location of the
drainage is shown as site #3 on Map 4 and as site #2 on Map 10 in Appendix A.

It was envisaged that the AD from the open cut would report to a wetlands remediation
system.  However the open cut AD may be bypassing the monitoring site used for this
survey, as indicated by the mass balance discussed in section 3.3.  It is recommended
that the mass emission rate and discharge pathway for this AD source be confirmed.

There is ample of room and elevation in this area to divert and/or treat the AD
emissions.  It is possible that the drainage can be diverted to the existing wetland
treatment system.  A passive treatment system such as aeration and open limestone
drain neutralisation would appear the most effective passive treatment option for the
mine site.

However the design of the passive treatment would be undertaken with reference to
MEND Report 3.43.1 and GARDGuide Chapter 7 if future AD treatment was deemed
necessary.  Photographs 5 to 8 in Appendix D give an appreciation of the environmental
observations at the Razorback open cut mine.

The safety recommendation to bury the open adits at the open cut, along with some
surface water drainage away from the open cut, will assist minimise water ingress into
the mine workings and hence the volume of AD from the area.

The culvert drain connecting the settling area below the mill site with the lower
wetlands area is constructed with a metal pipe which is slowly corroding.  It is
suggested that the culvert is renewed with PVC, ABS or fibreglass.

Installing a second culvert at the same time would ensure the physical stability of the
roadway in this area.  Refer to Photographs 9 and 10 in Appendix D.

Photographs 11 to 17 in Appendix D give further appreciation of the other
environmentally relevant sites at the Razorback.
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5.2 Maestries Mine and Comet Mine Areas
The emission from this section of the Maestries and Comet areas was measured at the
road culvert below the historical Maestries ‘railway station or mill site’.  Refer to site
location DR17 in Map 5 in Appendix A.  The monitoring indicated that the mass
emission rate from this area was lower than the other sites.

5.3 South Comet Mine
The mine site is very steep and there is no room for major AD treatment or
remediation works.  Any attempts to plug the bottom adits or to seal up the mine are
likely to result in emissions from other holes in the hillside with different
concentrations and flow rates.

No recommendations to plug or seal the mine can be made without a sound
hydrogeological understanding of the site.  Surveys to gather information to further
this understanding would appear to be technically very difficult and dangerous.

The area of roadway at the lower section of the mine is the only flat area in the
region.  This road way is currently used as a site for AD remediation.

The remediation area consists of a shallow pond constructed with a low containment
bund wall on the edge of the area to facilitate iron oxidation, aeration and some
neutralisation.  Hydraulic short circuiting was evident at the site.  Refer to
Photographs 22 to 26 in Appendix D.

Currently road traffic goes through the settling pond and this can lead to slug emissions
when vehicles enter the pond.  The road and its usage should be separated from the
pond operations, either vertically, horizontally or both, by civil engineering works.

It is recommended that the available area for AD remediation be maximised and that a
passive treatment system, as currently exists, be optimised by designing a properly
design treatment system with reference to MEND Report 3.43.1 and GARDGuide
Chapter 7, to minimise hydraulic short circuiting and maximise retention time.

The addition of alkalinity using limestone treatment is not recommended on a large
scale.  Any treatment system would need to take into account the high rainfall and
frequent snowfalls that occur during winter.

Gorse infestation exists at this mine as it does across the mining field.  A feasibility
assessment should be undertaken to determine if further action is viable for the area.

5.4 Red Lead Mine
While accessing the water monitoring site below the Red Lead Mine site, a discharge
containing a significant amount of solids was observed coming from the new lower adit
drive at the mine.

The high solid loading was resulting from the development of the adit drive further
into the mine.  A bob cat was being used for the excavation, transport and disposal of
the waste drive material.  Refer to Photographs 37 to 42 in Appendix D.

A conical glory hole is located above this new adit and significant rainwater ingress and
subsequent adit flows would be expected during high rainfall.  It was apparent that the
lay down area in front of the adit and the adit drainage settling pod were undersized.

The mass emission rate of particulate matter from the mine was high but the filtered
water quality was reasonable.  The discharge is located on a mining lease and the
discharge is the responsibility of the lease holder.
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5.5 Adelaide Mine
No discharge was evident from the mine so no discharge flow measurement was
possible.  However some drainage must leave the mine and enter the Comet Creek by
fugitive or diffuse pathways.

A sample of the adit pond water was taken for analysis (sample #AM18 at site AM18).
The quality of the pond water was unsatisfactory, mainly due to the zinc level, but the
risk would be low if the flow rate is low.  Refer to Photographs 27 to 32 in Appendix D.

The discharge is located on a mining lease and is therefore the responsibility of the
lease holder.

5.6 West Comet Mine Area
Drainage from the West Comet mining area reports to the Comet Creek.  The emission
load from the Comet Creek was relatively low compared to the other inputs.

6. Risk Rankings
The Rehabilitation of Abandoned Mining Lands Trust Funds prioritises the safety and
environmental risks on abandoned mines throughout Tasmania.

To prioritise risks at different sites on the same abandoned mine as well as between
abandoned mine sites in a consistent manner, the Trust Fund utilises the Tasmanian
Geological Survey Record 2001/04, Strategy – The Rehabilitation of abandoned mining
lands (Revision1).

The strategy outlines the following criteria.

Public safety

Off site impacts

Extent of degradation and potential for further onsite degradation

Visibility and social impacts.

The public safety criteria risk focuses on the risk of shafts, excavations and stopes and
the likely exposure and proximity to people and access.

The offsite impact criteria looks at the severity or potential for weeds, siltation and
acid drainage and the likely extent of exposure to wind and catchments

Extent of degradation targets the impact from weeds, erosion, soil loss, vegetation and
contamination and the extent of this risk

Visibility concentrates on the risk of intrusion and exposure to population, traffic and
perceptions and complaints.

Appendix 2 in the Tasmanian Geological Survey Record 2001/04 outlines a risk matrix
and this matrix is used for the risk rankings for the sites in the Dundas mining field.

The general matrix is shown in Figure 3 below.
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Risk/severity/degradation/visibility

H L  M  H

M L  M

L L

Exposure/extent/area L M H

Figure 3 - Tasmanian Geological Survey Record 2001/04 risk assessment matrix

6.1 Razorback Mine
Public Safety
The risk is low due the low exposure despite the high consequence.

Off Site Impacts
The risk is low due to the moderate severity and low extent.

Extent of Degradation
The risk is low due to the moderate degradation and low area.

Visibility and Social Impact
The risk is low due to the low visibility and low exposure.

6.2 Maestries Mine and Comet Mine Areas
Public Safety
The risk is low due the low exposure despite the high consequence.

Off Site Impacts
The risk is low due to the low severity and low extent.

Extent of Degradation
The risk is low due to the moderate degradation and low extent.

Visibility and Social Impact
The risk is low due to the low visibility and low extent.

6.3 Site ‘Past’ Maestries Station
Public Safety
The risk is low due the low exposure despite the high consequence.

Off Site Impacts
The risk is low due to the moderate severity and moderate extent.
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Extent of Degradation
The risk is low due to the moderate severity and moderate extent.

Visibility and Social Impact
The risk is low due to the low visibility and low extent.

6.4 South Comet Mine
Public Safety
The risk is low due the low exposure despite the high consequence.

Off Site Impacts
The risk is low due to the moderate severity and moderate extent.

Extent of Degradation
The risk is low due to the moderate severity and moderate extent.

Visibility and Social Impact
The risk is low due to the low visibility and low extent.

7. Recommendations
The adits at the Razorback open cut should be permanently closed

A security gate should be installed on the access road to the Razorback Mine near
the Dundas River ford crossing

The open shaft ‘past’ the Maestries station/mill site located on the northern side
of the track past the former 1995/96 Dundas River water monitoring site #06 has
been flagged for future identification and it is recommended that the shaft is
capped

The two shafts and the one glory hole at the South Comet Mine should be capped

Dundas mining lease holders should be contacted by MRT to discuss the potential
for historical open shafts to exist on their eases and to request that any shafts be
made safe and the details supplied to MRT

The source, pathway and emission rate for the unaccounted acid drainage
emission(s) from above the Dundas township bridge should be confirmed and
assessed to complete the environmental assessment

Two new chemically resistant culvert pipes should be installed in the roadway to
the Razorback tailings dam

The existing acid drainage settling and mitigation pond at the South Comet Mine
should be upgraded and expanded to improve sustainability, stability, efficiency
and effectiveness

the road through the pond should be upgraded by moving it out of the settling pond

A feasibility assessment should be undertaken to determine if further action is
viable for gorse management in the Dundas mining area.
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Appendix A

Dundas Maps
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Appendix B

Reference Documents









































































































































































J.S. Lawrence Rep water monitoring map
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Appendix C

Water Quality Database



Dundas

Sites/Parameters D.O. E.C. field pH field ORP Turb.
(field) Temp pH lab E.C. lab TDS SAR Turbid

(lab) T/Alk Acidity SO4 Cl T/Hardnes
s D/Ca D/Mg D/Na D/K T/Al D/Al T/As D/As T/Cd D/Cd T/Cr D/Cr T/Cu D/Cu T/Pb D/Pb T/Mn D/Mn T/Ni D/Ni T/Zn D/Zn T/Fe D/Fe T/Hg D/Hg F

% sat. uS/cm mV NTU C uS/cm mg/L NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
1. Dundas @

highway
Apr-13 97 75.4 6.04 180 -1 7.5 8.24 94 61 1.04 1.8 12.0 3 7.0 16.0 17 2.0 3.0 10.0 <1 0.120 0.070 <0.001 <0.001 0.0004 0.0004 0.002 0.002 0.004 0.002 0.006 0.004 0.152 0.153 0.007 0.006 0.133 0.134 0.350 0.270 <0.0001 <0.0001 <0.1

3. Razorback mine
drainage
Apr-13 90 237.0 6.46 215 -3 13.7 7.86 253 164 0.44 <0.1 43.0 6 58.0 16.0 100 7.0 20.0 10.0 <1 <0.010 <0.001 0.0009 <0.001 <0.001 <0.001 0.032 0.062 0.194 <0.05 <0.0001 <0.1

4. Razorback tailings
dam

Apr-13 86 107.3 6.74 205 -1 12.8 7.90 124 81 0.78 1.9 27.0 3 6.0 18.0 31 1.0 7.0 10.0 <1 0.120 <0.001 0.0002 0.003 0.002 0.006 0.271 0.035 0.024 0.600 <0.0001 <0.1

9. Adelaide Mine
Creek below Red

Lead Mine
Apr-13 84 102.0 6.01 247 2 8.8 7.43 125 81 0.84 <0.1 11.0 4 16.0 18.0 26 4.0 4.0 10.0 <1 0.110 0.050 <0.001 <0.001 0.003 0.0028 0.004 0.003 0.003 0.002 0.025 0.008 0.983 0.938 0.015 0.013 1.03 1.010 0.320 0.200 <0.0001 <0.0001 <0.1

13. South Comet
Mine tailings dam

Apr-13 88 1750.0 3.17 365 54 13.0 3.63 1830 1190 0.19 113.0 <1 218 1180.0 14.0 618 89.0 96.0 11.0 2.0 0.480 0.003 0.327 0.001 0.029 1.27 <0.001 0.361 111 19.700 <0.0001 <0.1

16. Dundas @
township bridge

Apr-13 85 84.3 6.22 195 -1 9.2 7.01 103 67 0.94 <0.1 16.0 4 7.0 16.0 21 2.0 4.0 10.0 <1 0.100 0.060 <0.001 <0.001 0.0006 0.0003 <0.001 <0.001 0.008 0.002 0.007 0.005 0.205 0.140 0.011 0.009 0.174 0.100 0.420 0.290 <0.0001 <0.0001 <0.1

17. Maestries culvert
to DR

Apr-13 86 98.7 6.17 124 23 12.3 6.63 114 74 0.88 32.8 8.0 5 18.0 15.0 20 3.0 3.0 9.0 <1 0.220 0.002 0.0094 0.003 0.004 0.297 2.390 0.007 2.61 2.690 <0.0001 <0.1

18. Adelaide Mine
adit pond water

Apr-13 46 118.5 5.76 237 2 9.5 6.81 135 88 0.61 <0.1 37.0 4 8.0 14.0 41 5.0 7.0 9.0 <1 0.020 0.002 0.0013 0.006 0.002 0.019 0.169 0.052 0.209 0.140 <0.0001 <0.1

19. Red Lead Mine
discharge

Apr-13 94 98.2 5.88 236 2668 10.3 6.35 119 77 0.80 21300.0 3.0 28 22.0 17.0 30 2.0 6.0 10.0 <1 5.620 <0.01 0.005 <0.001 0.0046 <0.0001 0.950 0.104 0.127 <0.001 57.4 <0.001 15.400 0.042 0.427 0.017 1.05 0.009 22.200 <0.5 <0.0001 <0.0001 <0.1

CC10 Comet above
Adelaide Mine

Apr-13 108 71.3 6.40 277 0 9.0 7.64 90 58 0.78 0.9 15.0 2 5.0 14.0 20 3.0 3.0 8.0 <1 0.040 0.020 <0.001 <0.001 <0.0001 <0.0001 <0.001 <0.001 0.002 0.002 0.024 0.003 0.142 0.127 0.004 0.003 0.02 0.015 0.260 0.150 <0.0001 <0.0001 <0.1

ANZECC WQ
guidelines 80% 90-110 30-350 6.5-7.5 2-25 0.150 0.360 0.0008 0.040 0.0025 0.0094 3.600 0.017 0.031 0.0054

Surface water monitoring
Field Laboratory



Dundas

Sites/Parameters D.O. E.C. field pH field ORP Turb.
(field) Temp pH lab E.C. lab TDS SAR Turbid

(lab) T/Alk Acidity SO4 Cl T/Hardne
ss D/Ca D/Mg D/Na D/K T/Al D/Al T/As D/As T/Cd D/Cd T/Cr D/Cr T/Cu D/Cu T/Pb D/Pb T/Mn D/Mn T/Ni D/Ni T/Sn D/Sn T/Zn D/Zn T/Fe D/Fe T/Hg D/Hg F

% sat. uS/cm mV NTU C uS/cm mg/L NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

1. Dundas @ highway
Nov-95 105.0 29 12.1 0.050 0.001 0.001 0.001 0.387 0.001 0.254 0.305 0.305 0.254 0.305
Dec-95 55.7 0.073 0.001 0.001 0.001 0.217 0.001 0.187 0.274 0.274 0.187 0.274
Feb-96 428 13.5 1.4 7.440 0.001 0.001 0.001 0.001 0.700 0.001 1.400 0.001 0.001 1.400 0.001
Feb-96 4.9 9.502 0.001 0.001 0.001 0.001 0.600 0.300 1.400 0.900 0.900 1.400 0.900
Mar-96 212.0 6.50 190 11.8 7.8 4.270 0.210 0.001 0.001 0.039 0.177 0.001 0.111 0.782 0.782 0.111 0.782
Apr-13 97 75.4 6.04 180 -1 7.5 8.24 94 61 1.04 1.8 12.0 3 7.0 16.0 17 2.0 3.0 10.0 <1 0.120 0.070 <0.001 <0.001 0.0004 0.0004 0.002 0.002 0.004 0.002 0.006 0.004 0.152 0.153 0.007 0.006 0.133 0.134 0.350 0.270 <0.0001 <0.0001 <0.1

2. Dundas above Comet

Nov-95 8.0 47 11.5 0.001 0.001 0.001 0.006 0.295 0.001 0.182 0.489 0.489 0.182 0.489
Dec-95 65.0 0.087 0.001 0.001 0.001 0.190 0.001 0.121 0.389 0.389 0.121 0.389
Feb-96 35 11.3 2.8 4.236 0.100 0.001 0.001 0.100 0.400 0.001 0.001 1.300 1.300 0.001 1.300
Mar-96 112.0 6.40 153 12.5 4.5 4.794 0.415 0.001 0.001 0.204 0.912 0.001 0.348 2.737 2.737 0.348 2.737

3. Razorback mine
drainage
Nov-95 151.0 12 10.2 0.001 0.006 0.001 0.037 1.110 0.001 1.013 7.201 7.201 1.013 7.201
Dec-95 117.0 0.001 0.011 0.001 0.028 1.188 0.001 0.919 8.279 8.279 0.919 8.279
Feb-96 380 11.2 0.0 357.600 0.800 0.400 0.001 0.300 4.800 0.300 4.300 91.000 91.000 4.300 91.000
Mar-96 875.0 6.20 100 10.6 34.3 74.580 0.164 0.010 0.001 0.059 1.608 0.001 1.203 7.355 7.355 1.203 7.355
Apr-13 90 237.0 6.46 215 -3 13.7 7.86 253 164 0.44 <0.1 43.0 6 58.0 16.0 100 7.0 20.0 10.0 <1 <0.010 <0.001 0.0009 <0.001 <0.001 <0.001 0.032 0.062 0.194 <0.05 <0.0001 <0.1

4. Razorback tailings
dam

Feb-95 390 10.5 8.1 10.090 0.001 0.001 0.001 0.001 1.200 0.300 1.400 1.200 1.200 1.400 1.200
Feb-95 0.0 6.988 0.001 0.001 0.001 0.100 0.900 0.300 0.900 1.100 1.100 0.900 1.100
Mar-96 415.0 5.80 20 14.5 18.6 16.306 0.001 0.001 0.001 0.024 0.926 0.001 0.178 0.305 0.305 0.178 0.305
Apr-13 86 107.3 6.74 205 -1 12.8 7.90 124 81 0.78 1.9 27.0 3 6.0 18.0 31 1.0 7.0 10.0 <1 0.120 <0.001 0.0002 0.003 0.002 0.006 0.271 0.035 0.024 0.600 <0.0001 <0.1

5. Creek above
Razorback tailings dam

Mar-96 305.0 5.50 10 12.8 26.7 2.586 0.058 <0.005 <0.050 <0.005 <0.100 <0.015 0.040 0.443 0.443 0.040 0.443

6. Dundas above
Concert
Nov-95 67.0 31 10.1 0.050 0.001 0.001 0.008 0.269 0.001 0.254 0.582 0.582 0.254 0.582
Dec-95 58.0 0.118 0.001 0.001 0.001 0.125 0.001 0.159 0.459 0.459 0.159 0.459
Feb-96 430 11.0 0.0 3.334 0.300 0.303 0.001 0.001 0.001 0.300 0.500 1.103 1.103 0.500 1.103
Feb-96 120.0 0.0 1.844 0.900 0.001 0.001 0.100 0.001 0.001 0.800 0.001 0.001 0.800 0.001
Mar-96 7.00 19 10.7 7.7 6.668 0.109 0.001 0.001 0.001 0.001 0.001 0.064 0.428 0.428 0.064 0.428

7. Concert above
Dundas
Feb-96 452 11.0 1.5 3.844 0.001 0.001 0.001 0.001 0.900 0.200 1.300 0.010 0.010 1.300 0.010
Mar-96 257.0 6.40 5 10.7 14.3 5.588 0.001 0.001 0.001 0.001 0.138 0.001 0.064 0.197 0.197 0.064 0.197

8. Comet above Dundas

Feb-96 80 10.7 2.8 8.4 0.500 0.100 0.001 0.200 1.000 0.360 1.900 1.200 1.200 1.900 1.200
Mar-96 223.0 6.30 250 13.4 4.5 0.9 0.278 0.001 0.001 0.249 0.991 0.001 0.539 1.352 1.352 0.539 1.352

9. Adelaide Mine Creek
below Red Lead Mine

Feb-96 80 11.1 9.1 19.544 0.001 0.001 0.800 0.001 1.400 0.001 3.200 0.001 0.001 3.200 0.001
Mar-96 283.0 6.40 250 13.4 4.8 13.144 0.551 0.010 0.001 0.441 2.134 0.001 1.393 2.429 2.429 1.393 2.429
Apr-13 84 102.0 6.01 247 2 8.8 7.43 125 81 0.84 <0.1 11.0 4 16.0 18.0 26 4.0 4.0 10.0 <1 0.110 0.050 <0.001 <0.001 0.003 0.0028 0.004 0.003 0.003 0.002 0.025 0.008 0.983 0.938 0.015 0.013 1.03 1.010 0.320 0.200 <0.0001 <0.0001 <0.1

10. Comet below
Adelaide Mine

Feb-96 111.0 11.3 11.8 9.036 0.001 0.001 0.001 0.001 0.500 0.001 0.500 0.001 0.001 0.500 0.001
Feb-96 8.1 5.078 0.001 0.001 0.001 0.001 0.900 0.001 1.000 0.001 0.001 1.000 0.001
Mar-96 148.0 6.60 131 13.4 4.3 2.674 1.004 0.001 0.001 0.263 1.017 0.001 0.102 3.815 3.815 0.102 3.815

11. Comet @ crossing
to South Comet Mine

Feb-96 285 10.8 1.2 4.126 0.001 0.001 0.001 0.001 0.500 0.300 1.000 0.001 0.001 1.000 0.001
Mar-96 318.0 21.7 5.916 0.096 0.001 0.001 0.012 0.926 0.001 0.083 0.890 0.890 0.083 0.890
Mar-96 324.0 6.30 52 10.5 21.2 6.470 0.001 0.001 0.001 0.013 0.690 0.001 0.045 0.812 0.812 0.045 0.812

12. South Comet below
South Comet Mine

Nov-95 50.0 0 8.5 0.050 0.005 0.001 0.039 0.821 0.001 1.000 0.351 0.351 1.000 0.351
Dec-95 87.0 0.064 0.015 0.001 0.024 2.921 0.001 0.083 0.335 0.335 0.083 0.335
Feb-96 340 10.0 1.7 6.010 0.001 0.303 0.001 0.200 2.000 0.300 0.045 0.001 0.001 0.045 0.001
Feb-96 0 8.762 0.500 0.100 0.001 0.100 0.800 0.200 0.900 0.001 0.001 0.900 0.001
Mar-96 1242.0 6.00 40 11.2 7.5 175.500 0.001 0.051 0.001 0.057 15.001 0.001 13.266 0.413 0.413 13.266 0.413

Sites/Parameters D.O. E.C. field pH field ORP Turb.
(field) Temp pH lab E.C. lab TDS SAR Turbid

(lab) T/Alk Acidity SO4 Cl T/Hardne
ss D/Ca D/Mg D/Na D/K T/Al D/Al T/As D/As T/Cd D/Cd T/Cr D/Cr T/Cu D/Cu T/Pb D/Pb T/Mn D/Mn T/Ni D/Ni T/Sn D/Sn T/Zn D/Zn T/Fe D/Fe T/Hg D/Hg F

13. South Comet Mine
tailings dam

Feb-96 392 15.0 0.0 739.500 0.500 0.605 0.001 1.000 101.000 0.300 57.000 3.000 3.000 57.000 3.000
Mar-96 4810.0 6.00 152 13.5 19.5 954.600 0.001 0.707 0.001 0.071 0.573 0.001 75.956 1.121 1.121 75.956 1.121
Apr-13 88 1750.0 3.17 365 54 13.0 3.63 1830 1190 0.19 113.0 <1 218 1180.0 14.0 618 89.0 96.0 11.0 2.0 0.480 0.003 0.327 0.001 0.029 1.27 <0.001 0.361 111 19.700 <0.0001 <0.1

14. South Comet mine
bottom adit drainage

Nov-95 771.0 15.0 11.7 0.073 0.229 0.001 0.129 77.370 0.001 61.700 4.584 4.584 61.700 4.584
Dec-95 980.0 0.001 0.254 0.001 0.088 79.995 0.001 61.700 5.273 5.273 61.700 5.273
Feb-96 350 16.7 18.2 1068.80 0.001 0.600 0.001 0.300 1020.00 0.200 56.020 6.000 6.000 56.020 6.000
Mar-96 1739.0 6.10 100 10.3 27.4 610.500 0.001 0.229 0.001 0.075 79.996 0.001 64.550 4.892 4.892 64.550 4.892

15. South Comet above
mine

Nov-95 40.0 13.0 7.6 0.050 0.001 0.001 0.001 0.001 0.001 0.001 0.197 0.197 0.001 0.197
Dec-95 39.0 0.073 0.001 0.001 0.001 0.001 0.001 0.035 0.212 0.212 0.035 0.212
Feb-96 275 10.0 2.3 4.514 0.001 0.300 0.001 0.100 0.500 0.300 0.001 1.000 1.000 0.001 1.000
Mar-96 245.0 6.40 9.1 4.460 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.105 0.105 0.001 0.105
Mar-96 240.0 6.50 115 9.6 9.2 4.194 0.001 0.001 0.001 0.001 0.001 0.001 0.049 0.105 0.105 0.049 0.105

16. Dundas @ township
bridge
Apr-13 85 84.3 6.22 195 -1 9.2 7.01 103 67 0.94 <0.1 16.0 4 7.0 16.0 21 2.0 4.0 10.0 <1 0.100 0.060 <0.001 <0.001 0.0006 0.0003 <0.001 <0.001 0.008 0.002 0.007 0.005 0.205 0.140 0.011 0.009 0.174 0.100 0.420 0.290 <0.0001 <0.0001 <0.1

17. Maestries culvert to
DR

Apr-13 86 98.7 6.17 124 23 12.3 6.63 114 74 0.88 32.8 8.0 5 18.0 15.0 20 3.0 3.0 9.0 <1 0.220 0.002 0.0094 0.003 0.004 0.297 2.390 0.007 2.61 2.690 <0.0001 <0.1

18. Adelaide Mine adit
pond water

Apr-13 46 118.5 5.76 237 2 9.5 6.81 135 88 0.61 <0.1 37.0 4 8.0 14.0 41 5.0 7.0 9.0 <1 0.020 0.002 0.0013 0.006 0.002 0.019 0.169 0.052 0.209 0.140 <0.0001 <0.1

19. Red Lead Mine
discharge

Apr-13 94 98.2 5.88 236 2668 10.3 6.35 119 77 0.80 21300.0 3.0 28 22.0 17.0 30 2.0 6.0 10.0 <1 5.620 <0.01 0.005 <0.001 0.0046 <0.0001 0.950 0.104 0.127 <0.001 57.4 <0.001 15.400 0.042 0.427 0.017 1.05 0.009 22.200 <0.5 <0.0001 <0.0001 <0.1

CC10 Comet above
Adelaide Mine

Apr-13 108 71.3 6.40 277 0 9.0 7.64 90 58 0.78 0.9 15.0 2 5.0 14.0 20 3.0 3.0 8.0 <1 0.040 0.020 <0.001 <0.001 <0.0001 <0.0001 <0.001 <0.001 0.002 0.002 0.024 0.003 0.142 0.127 0.004 0.003 0.02 0.015 0.260 0.150 <0.0001 <0.0001 <0.1

Sites/Parameters D.O. E.C. field pH field ORP Turb.
(field) Temp pH lab E.C. lab TDS SAR Turbid

(lab) T/Alk Acidity SO4 Cl T/Hardne
ss D/Ca D/Mg D/Na D/K T/Al D/Al T/As D/As T/Cd D/Cd T/Cr D/Cr T/Cu D/Cu T/Pb D/Pb T/Mn D/Mn T/Ni D/Ni T/Sn D/Sn T/Zn D/Zn T/Fe D/Fe T/Hg D/Hg F

ANZECC WQ
guidelines 80% 90-110 30-350 6.5-7.5 2-25 0.150 0.360 0.0008 0.040 0.0025 0.0094 3.600 0.017 0.031 0.031 0.0054

Surface monitoring
Field Laboratory



Dundas mine area

Parameter/Site

1.
Dundas @
highway

2.
Dundas
above
Comet

3. Razorback
mine
drainage

4.
Razorback
tailings dam

5.
Creek
above
Razorback
tailings
dam

6.
Dundas
above
Concert

7.
Concert
above
Dundas

8.
Comet
above
Dundas

9.
Adelaide
Mine Ck
below Red
Lead Mine

10.
Comet
below
Adelaide
Mine

11.
Comet @
crossing to
South
Comet
Mine

12.
South
Comet
below
South
Comet
Mine

13.
South
Comet
Mine
tailings
dam

14.
South
Comet
mine
bottom adit
drainage

15.
South
Comet
above mine

16.
Dundas @
township
bridge

17.
Maestries
culvert to
DR

18.
Adelaide
Mine adit
water

19.         Red
Lead Mine
discharge

CC10
Comet
above
Adelaide
Mine

D.O. % field
Apr-13 97 89.9 86.3 83.9 88.2 85.4 86.1 46.4 94 108

E.C.  uS/cm field
Nov-95 105.0 8.0 151.0 67.0 50.0 771.0 40.0
Dec-95 55.7 65.0 117.0 58.0 87.0 980.0 39.0
Feb-96 120.0
Mar-96 212.0 112.0 875.0 415.0 305.0 257.0 223.0 283.0 148.0 318.0 1242.0 4810.0 1739.0 245.0
Mar-96 324.0 240.0 84.3 98.7 118.5 98.2 71.3
Apr-13 75.4 237.0 107.3 102.0 1750.0 84.3 98.7 118.5 98.2 71.3

pH field
Mar-96 6.50 6.40 6.20 5.80 5.50 7.00 6.40 6.30 6.40 6.60 6.30 6.00 6.00 6.10 6.40
Mar-96 6.50
Apr-13 6.04 6.46 6.74 6.01 3.17 6.22 6.17 5.76 5.88 6.40

ORP  mV field
Nov-95 29 47 12 31 0 15.0 13.0
Feb-96 428 35 380 390 430 111.0 285 340 350 275
Feb-96 452 80 80 392
Mar-96 190 153 100 20 10 19 5 250 250 131 52 40 152 100 115
Mar-96
Apr-13 180 215 205 247 365 195 124 237 236 277

Turbid. NTU (field)
Apr-13 -1 -3 -1 2 54 -1 23 2 2668 0

Temperature C
Nov-95 12.1 11.5 10.2 10.1 8.5 11.7 7.6
Feb-96 13.5 11.3 11.2 10.5 11.0 11.3 10.8 10.0 16.7 10.0
Feb-96 11.0 10.7 11.1 15.0
Mar-96 11.8 12.5 10.6 14.5 12.8 10.7 10.7 13.4 13.4 13.4 10.5 11.2 13.5 10.3 9.6
Mar-96
Apr-13 7.5 13.7 12.8 8.8 13.0 9.2 12.3 9.5 10.3 9.0

pH labs
Apr-13 8.24 7.86 7.90 7.43 3.63 7.01 6.63 6.81 6.35 7.64

E.C. uS/cm labs
Apr-13 94 253 124 125 1830 103 114 135 119 90

TDS mg/L
Apr-13 61 164 81 81 1190 67 74 88 77 58

SAR
Apr-13 1.04 0.44 0.78 0.84 0.19 0.94 0.88 0.61 0.80 0.78

Turbid. NTU (lab)
Apr-13 1.8 <0.1 1.9 <0.1 113.0 <0.1 32.8 <0.1 21300.0 0.9

T/Alkalinity mg/L
Feb-96 1.4 8.1 0.0 11.8 1.7
Feb-96 4.9 2.8 0.0 0.0 0.0 1.5 2.8 9.1 8.1 1.2 0 0.0 18.2 2.3
Mar-96 7.8 4.5 34.3 18.6 26.7 7.7 14.3 4.5 4.8 4.3 21.7 7.5 19.5 27.4 9.1
Mar-96 21.2 9.2
Apr-13 12.0 43.0 27.0 11.0 <1 16.0 8.0 37.0 3.0 15.0



Acidity mg/L
Apr-13 3 6 3 4 218 4 5 4 28 2

Sulphate mg/L
Feb-96 7.440 10.090 3.334 9.036 6.010
Feb-96 9.502 4.236 357.600 6.988 1.844 3.844 8.4 19.544 5.078 4.126 8.762 739.500 1068.80 4.514
Mar-96 4.270 4.794 74.580 16.306 2.586 6.668 5.588 0.9 13.144 2.674 5.916 175.500 954.600 610.500 4.460
Mar-96 6.470 4.194
Apr-13 7.0 58.0 6.0 16.0 1180.0 7.0 18.0 8.0 22.0 5.0

Chloride mg/L
Apr-13 16.0 16.0 18.0 18.0 14.0 16.0 15.0 14.0 17.0 14.0

T/Hardness mg/L
Apr-13 17 100 31 26 618 21 20 41 30 20

Parameter/Site

1.   Dundas
@ highway

2.   Dundas
above
Comet

3. Razorback
mine
drainage

4. Razorback
tailings dam

5.
Creek
above
Razorback
tailings
dam

6.
Dundas
above
Concert

7.
Concert
above
Dundas

8.
Comet
above
Dundas

9.
Adelaide
Mine Ck
below Red
Lead Mine

10.
Comet
below
Adelaide
Mine

11.
Comet @
crossing to
South
Comet
Mine

12.
South
Comet
below
South
Comet
Mine

13.    South
Comet
Mine
tailings
dam

14.
South
Comet
mine
bottom adit
drainage

15.
South
Comet
above mine

16.
Dundas @
township
bridge

17.
Maestries
culvert to
DR

18.
Adelaide
Mine adit
water

19.         Red
Lead Mine
discharge

CC10
Comet
above
Adelaide
Mine

T/Aluminium mg/L
Nov-95 0.050 0.001 0.001 0.050 0.050 0.073 0.050
Dec-95 0.073 0.087 0.001 0.118 0.064 0.001 0.073
Feb-96 0.001 0.100 0.800 0.001 0.300 0.001 0.001 0.001 0.001
Feb-96 0.001 0.001 0.900 0.001 0.500 0.001 0.001 0.001 0.500 0.500
Mar-96 0.210 0.415 0.164 0.001 0.058 0.109 0.001 0.278 0.551 1.004 0.096 0.001 0.001 0.001 0.001
Mar-96 0.001 0.001
Apr-13 0.120 <0.010 0.120 0.110 0.480 0.100 0.220 0.020 5.620 0.040

T/Arsenic mg/L
Apr-13 <0.001 <0.001 <0.001 <0.001 0.003 <0.001 0.002 0.002 0.005 <0.001

T/Cadmium mg/L
Nov-95 0.001 0.001 0.006 0.001 0.005 0.229 0.001
Dec-95 0.001 0.001 0.011 0.001 0.015 0.254 0.001
Feb-96 0.001 0.001 0.400 0.001 0.303 0.001 0.303 0.600 0.300
Feb-96 0.001 0.001 0.001 0.001 0.100 0.001 0.001 0.001 0.100 0.605
Mar-96 0.001 0.001 0.010 0.001 <0.005 0.001 0.001 0.001 0.010 0.001 0.001 0.051 0.707 0.229 0.001
Mar-96 0.001 0.001
Apr-13 0.0004 0.0009 0.0002 0.003 0.327 0.0006 0.0094 0.0013 0.0046 <0.0001

T/Chromium mg/L
Apr-13 0.002 <0.001 0.003 0.004 0.001 <0.001 0.003 0.006 0.950 <0.001

T/Copper mg/L
Nov-95 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Dec-95 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Feb-96 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Feb-96 0.001 0.001 0.001 0.001 0.001 0.800 0.001 0.001 0.001 0.001
Mar-96 0.001 0.001 0.001 0.001 <0.050 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Mar-96 0.001 0.001
Apr-13 0.004 <0.001 0.002 0.003 0.029 0.008 0.004 0.002 0.127 0.002

T/Lead mg/L
Nov-95 0.001 0.006 0.037 0.008 0.039 0.129 0.001
Dec-95 0.001 0.001 0.028 0.001 0.024 0.088 0.001
Feb-96 0.001 0.100 0.300 0.001 0.001 0.001 0.200 0.300 0.100
Feb-96 0.001 0.100 0.100 0.001 0.200 0.001 0.001 0.001 0.100 1.000
Mar-96 0.039 0.204 0.059 0.024 <0.005 0.001 0.001 0.249 0.441 0.263 0.012 0.057 0.071 0.075 0.001
Mar-96 0.013 0.001
Apr-13 0.006 <0.001 0.006 0.025 1.27 0.007 0.297 0.019 57.4 0.024



T/Manganese mg/L
Nov-95 0.387 0.295 1.110 0.269 0.821 77.370 0.001
Dec-95 0.217 0.190 1.188 0.125 2.921 79.995 0.001
Feb-96 0.700 0.400 4.800 1.200 0.001 0.500 2.000 1020.00 0.500
Feb-96 0.600 0.900 0.001 0.900 1.000 1.400 0.900 0.500 0.800 101.000
Mar-96 0.177 0.912 1.608 0.926 <0.100 0.001 0.138 0.991 2.134 1.017 0.926 15.001 0.573 79.996 0.001
Mar-96 0.690 0.001
Apr-13 0.152 0.032 0.271 0.983 <0.001 0.205 2.390 0.169 15.400 0.142

T/Nickel mg/L
Apr-13 0.007 0.062 0.035 0.015 0.361 0.011 0.007 0.052 0.427 0.004

T/Sn (tin) mg/L
Nov-95 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Dec-95 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Feb-96 0.001 0.001 0.300 0.300 0.300 0.001 0.300 0.200 0.300
Feb-96 0.300 0.300 0.001 0.200 0.360 0.001 0.001 0.300 0.200 0.300
Mar-96 0.001 0.001 0.001 0.001 <0.015 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Mar-96 0.001 0.001

T/Zinc mg/L
Nov-95 0.254 0.182 1.013 0.254 1.000 61.700 0.001
Dec-95 0.187 0.121 0.919 0.159 0.083 61.700 0.035
Feb-96 1.400 0.001 4.300 1.400 0.500 0.500 0.045 56.020 0.001
Feb-96 1.400 0.900 0.800 1.300 1.900 3.200 1.000 1.000 0.900 57.000
Mar-96 0.111 0.348 1.203 0.178 0.040 0.064 0.064 0.539 1.393 0.102 0.083 13.266 75.956 64.550 0.001
Mar-96 0.045 0.049
Apr-13 0.133 0.194 0.024 1.03 111 0.174 2.61 0.209 1.05 0.02

T/Iron mg/L
Nov-95 0.305 0.489 7.201 0.582 0.351 4.584 0.197
Dec-95 0.274 0.389 8.279 0.459 0.335 5.273 0.212
Feb-96 0.001 1.300 91.000 1.200 1.103 0.001 0.001 6.000 1.000
Feb-96 0.900 1.100 0.001 0.010 1.200 0.001 0.001 0.001 0.001 3.000
Mar-96 0.782 2.737 7.355 0.305 0.443 0.428 0.197 1.352 2.429 3.815 0.890 0.413 1.121 4.892 0.105
Mar-96 0.812 0.105
Apr-13 0.350 <0.05 0.600 0.320 19.700 0.420 2.690 0.140 22.200 0.260

Hg mg/L
Apr-13 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

F mg/L
Apr-13 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Parameter/Site

1.   Dundas
@ highway

2.   Dundas
above
Comet

3. Razorback
mine
drainage

4. Razorback
tailings dam

5.
Creek
above
Razorback
tailings
dam

6.
Dundas
above
Concert

7.
Concert
above
Dundas

8.
Comet
above
Dundas

9.
Adelaide
Mine Ck
below Red
Lead Mine

10.
Comet
below
Adelaide
Mine

11.
Comet @
crossing to
South
Comet
Mine

12.
South
Comet
below
South
Comet
Mine

13.    South
Comet
Mine
tailings
dam

14.
South
Comet
mine
bottom adit
drainage

15.
South
Comet
above mine

16.
Dundas @
township
bridge

17.
Maestries
culvert to
DR

18.
Adelaide
Mine adit
water

19.         Red
Lead Mine
discharge

CC10
Comet
above
Adelaide
Mine



Dundas
ANZECC WQ guidelines 80% 0.1500 0.3600 0.0008 0.0400 0.0025 0.0094 3.6000 0.0170 0.0310

Sites/Parameters Flow SO4 T/Al T/As T/Cd T/Cr T/Cu T/Pb T/Mn T/Ni T/Zn T/Fe
L/s mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

1. Dundas @ highway
Apr-13 598 7.0 0.120 <0.001 0.0004 0.002 0.004 0.006 0.152 0.007 0.133 0.350

Mass emission rate kg/d 361.7 6.2 0.0 0.0 0.1 0.2 0.3 7.9 0.4 6.9 18.1

3. Razorback mine drainage

Apr-13 2.2 58.0 <0.010 <0.001 0.0009 <0.001 <0.001 <0.001 0.032 0.062 0.194 <0.05
Mass emission rate kg/d 11.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

4. Razorback tailings dam

Apr-13 76 6.0 0.120 <0.001 0.0002 0.003 0.002 0.006 0.271 0.035 0.024 0.600
Mass emission rate kg/d 39.4 0.8 0.0 0.0 0.0 0.0 0.0 1.8 0.2 0.2 3.9

9. Adelaide Mine Creek below Red Lead
Mine

Apr-13 54 16.0 0.110 <0.001 0.003 0.004 0.003 0.025 0.983 0.015 1.03 0.320
Mass emission rate kg/d 74.6 0.5 0.0 0.0 0.0 0.0 0.1 4.6 0.1 4.8 1.5

13. South Comet Mine tailings dam

Apr-13 3 1180.0 0.480 0.003 0.327 0.001 0.029 1.27 <0.001 0.361 111 19.700
Mass emission rate kg/d 305.9 0.1 0.0 0.1 0.0 0.0 0.3 0.0 0.1 28.8 5.1

16. Dundas @ township bridge

Apr-13 228 7.0 0.100 <0.001 0.0006 <0.001 0.008 0.007 0.205 0.011 0.174 0.420
Mass emission rate kg/d 137.9 2.0 0.0 0.0 0.0 0.2 0.1 4.0 0.2 3.4 8.3

17. Maestries culvert to DR

Apr-13 2.7 18.0 0.220 0.002 0.0094 0.003 0.004 0.297 2.390 0.007 2.61 2.690
Mass emission rate kg/d 4.2 0.1 0.0 0.0 0.0 0.0 0.1 0.6 0.0 0.6 0.6

18. Adelaide Mine adit pond water

Apr-13 0.0 8.0 0.020 0.002 0.0013 0.006 0.002 0.019 0.169 0.052 0.209 0.140
Mass emission rate kg/d 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

19. Red Lead Mine discharge

Apr-13 1.7 22.0 5.620 0.005 0.0046 0.950 0.127 57.4 15.400 0.427 1.05 22.200
Mass emission rate kg/d 3.2 0.8 0.0 0.0 0.1 0.0 8.4 2.3 0.1 0.2 3.3

CC10 Comet above Adelaide Mine
Apr-13 90 5.0 0.040 <0.001 <0.0001 <0.001 0.002 0.024 0.142 0.004 0.02 0.260

Mass emission rate kg/d 38.9 0.3 0.0 0.0 0.0 0.0 0.2 1.1 0.0 0.2 2.0

Sites/Parameters Flow SO4 T/Al T/As T/Cd T/Cr T/Cu T/Pb T/Mn T/Ni T/Zn T/Fe

Flow
Total Dundas @ highway 598
DR16 + CC10 + AMC 9 372

Difference = Climie + Fernfield 226

Total  mass flux kg/d
 DR1 361.7 6.2 0.0 0.0 0.1 0.2 0.3 7.9 0.4 6.9 18.1

DR16 + CC10 + AMC 9 251.4 2.8 0.0 0.0 0.0 0.2 0.4 9.7 0.3 8.4 11.8
Difference 110.2 3.4 0.0 0.0 0.1 0.0 -0.1 -1.9 0.0 -1.5 6.3

DR16 137.9 2.0 0.0 0.0 0.0 0.2 0.1 4.0 0.2 3.4 8.3
RB03 + RB04 + DR17 54.6 0.8 0.0 0.0 0.0 0.0 0.1 2.3 0.2 0.8 4.6

83.3 1.1 0.0 0.0 0.0 0.1 0.0 1.7 0.0 2.6 3.7

CC10 38.90 0.30 0.00 0.00 0.00 0.000 0.200 1.100 0.000 0.200 2.000

AMC9 74.6 0.5 0.0 0.0 0.0 0.0 0.1 4.6 0.1 4.8 1.5
SCM13 + RL19 309.1 0.9 0.0 0.1 0.1 0.0 8.8 2.3 0.2 28.9 8.4

-234.4 -0.4 0.0 -0.1 -0.1 0.0 -8.6 2.3 -0.1 -24.1 -6.9



16/17 April 2013

Site Al kg/d Site Mn kg/d
1 6.2 1 7.9
3 0.0 3 0.0
4 0.8 4 1.8
9 0.5 9 4.6
10 0.3 10 1.1
13 0.1 13 0.0
16 2.0 16 4.0
17 0.1 17 0.6
18 0.0 18 0.0
19 0.8 19 2.3

Site SO4 kg/d Site Zn kg/d
1 362 1 6.9
3 11 3 0.0
4 39 4 0.2
9 75 9 4.8
10 39 10 0.2
13 306 13 28.8
16 138 16 3.4
17 4 17 0.6
18 0 18 0.0
19 3 19 0.2
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Appendix D

Site Photographs



1. Bridge over Dundas R before former township

2. Razorback open cut adits



3. Razorback open cut adit

4. Razorback open cut adits



5. Drill hole drainage on road to Razorback open cut

6. Drill hole drainage on road to Razorback open cut



7. Drill hole drainage on road to Razorback open cut

8. Drill hole drainage on road to Razorback open cut



9. Drainage culvert from Razorback open cut

10. Drainage culvert from Razorback open cut



11. Razorback tailings dam spillway looking NW

12. Razorback tailings dam spillway looking W



13. Razorback tailings dam spillway looking S

14. Razorback tailings beach looking N



15. Razorback tailings dam looking NW

16. Razorback spillway drainage line to Dundas R looking E



17. Razorback bottom wetlands drainage area to Dundas R looking S

18. Track above South Comet Mine looking W



19. Shaft on track above South Comet Mine

20. Open cut & adit on track above South Comet Mine



21. Track above South Comet Mine

22. South Comet Mine drainage pond



23. South Comet Mine drainage pond

24. South Comet Mine drainage from upper workings



25. South Comet Mine lower adit drainage

26. South Comet Mine lower adit drainage



27. Adelaide Mine

28. Adelaide Mine flooded lower adit & shaft



29. Adelaide Mine flooded lower adit & shaft

30. Adelaide Mine flooded lower shaft pond



31. Adelaide Mine flooded lower adit

32. Adelaide Mine flooded lower adit with working adit above



33. Adelaide Mine historaical shaft above current workings looking down shaft

34. Adelaide Mine historical shaft & adits above current workings



35. Adelaide Mine shaft above current workings looking down shaft

36. Adelaide Mine shaft above current workings looking SE



37.Red Lead Mine lower adit settlement pond

38. Red Lead Mine lower adit entrance pad



39. Red Lead Mine lower adit

40. Red Lead Mine lower adit settling pond



41.Red Lead Mine lower adit settling pond

42. Adelaide Mine Creek monitoring site above Red Lead Mine lower adit discharge
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Appendix E

Water Flow Data



Width m 0.000 0.500 1.000 1.500 2.000 2.500 3.000 3.500 4.000 4.500 5.000 5.500 6.000 6.500 7.000 7.500 8.000
Depth m 0.000 0.330 0.400 0.430 0.450 0.450 0.400 0.410 0.200 0.000

Avg depth m 0.165 0.365 0.415 0.440 0.450 0.425 0.405 0.305 0.100

Avg area m2 0.165 0.365 0.415 0.440 0.450 0.425 0.405 0.153 0.050

Velocity cm/s 0.000 9.200 21.400 22.600 29.000 26.100 25.300 14.700 3.200 3.200

Avg velocity cm/s 4.600 15.300 22.000 25.800 27.550 25.700 20.000 8.950 3.200

Avg velocity m/s 0.046 0.153 0.220 0.258 0.276 0.257 0.200 0.090 0.032

Volume m3/s 0.008 0.056 0.091 0.114 0.124 0.109 0.081 0.014 0.002

Total m3/s 0.598

Width m 0.000 0.500 1.000 1.500 2.000 2.500 3.000 3.500 Width m 0.000 0.250 0.500 0.750 1.000
Depth m 0.000 0.200 0.400 0.500 0.500 0.500 0.450 0.100 Depth m 0.000 0.300 0.300 0.300 0.000

Avg depth m 0.100 0.300 0.450 0.500 0.500 0.475 0.275 Avg depth m 0.150 0.300 0.300 0.150

Avg area m2 0.050 0.150 0.225 0.250 0.250 0.238 0.138 Avg area m2 0.038 0.075 0.075 0.038

Velocity cm/s 0.000 3.200 8.400 14.400 25.100 30.600 18.600 3.200 Velocity cm/s 0.000 60.900 36.700 23.800 3.200

Avg velocity cm/s 1.600 5.800 11.400 19.750 27.850 24.600 10.900 Avg velocity cm/s 30.450 48.800 30.250 13.500

Avg velocity m/s 0.016 0.058 0.114 0.198 0.279 0.246 0.109 Avg velocity m/s 0.305 0.488 0.303 0.135

Volume m3/s 0.001 0.009 0.026 0.049 0.070 0.058 0.015 Volume m3/s 0.011 0.037 0.023 0.005

Total m3/s 0.228 Total m3/s 0.076

Width m 0.000 0.425 0.850 1.275 1.700 Width m 0.000 0.125 0.250 0.375 0.500
Depth m 0.180 0.150 0.230 0.260 0.180 Depth m 0.120 0.300 0.300 0.300 0.300

Avg depth m 0.165 0.190 0.245 0.220 Avg depth m 0.210 0.300 0.300 0.300

Avg area m2 0.070 0.081 0.104 0.094 Avg area m2 0.026 0.038 0.038 0.038

Velocity cm/s 0.000 11.900 36.700 46.000 3.200 Velocity cm/s 0.000 40.700 60.900 46.800 3.200

Avg velocity cm/s 5.950 24.300 41.350 24.600 Avg velocity cm/s 20.350 50.800 53.850 25.000

Avg velocity m/s 0.060 0.243 0.414 0.246 Avg velocity m/s 0.204 0.508 0.539 0.250

Volume m3/s 0.004 0.020 0.043 0.023 Volume m3/s 0.005 0.019 0.020 0.009

Total m3/s 0.090 Total m3/s 0.054

0.371 m3/sTotal of DR16, CC10 and AMC10

Razorback tailings dam spillway RB04

Dundas R @ Zeehan Hwy DR01

Adelaide Mine Creek AMC09

Dundas R @ former town bridge DR16

Comet Creek @ Adelaide Mine bridge CC10



litres seconds L/s m3/s
19.000 8.000 2.37500 0.00238
19.000 9.000 2.11111 0.00211
17.000 8.000 2.12500 0.00213
18.000 9.000 2.00000 0.00200
17.000 8.000 2.12500 0.00213

Avg 8.400 2.14722 0.00215
0.00220

litres seconds L/s m3/s
10.000 3.700 2.70270 0.00270
10.000 3.800 2.63158 0.00263
10.000 3.700 2.70270 0.00270

Avg 3.733 2.67899 0.00268
0.0027

litres seconds L/s m3/s
6.000 3.600 1.66667 0.00167
7.000 6.050 1.15702 0.00116
7.000 4.500 1.55556 0.00156
8.000 3.500 2.28571 0.00229
Avg 4.413 1.66624 0.00167

0.0017

litres seconds L/s m3/s
9.000 2.500 3.60000 0.00360
9.000 3.500 2.57143 0.00257
9.000 3.700 2.43243 0.00243
Avg 3.233 2.86795 0.00287

0.003

Red Lead Mine discharge RL19

Razorback open cut culvert drain to lower wetlands RB03

Maestries Mill culvert discharge DR17

South Comet Mine discharge SCM13
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EM1304160

False  8  8.00 False

Environmental Division

CERTIFICATE OF ANALYSIS
Work Order : EM1304160 Page : 1 of 6

:: LaboratoryClient Environmental Division MelbournePITT & SHERRY

: :ContactContact MR JIM LOCKLEY Shirley LeCornu

:: AddressAddress PO BOX 94

199 MACQUARIE ST

HOBART TAS, AUSTRALIA 7001

4 Westall Rd Springvale VIC Australia 3171

:: E-mailE-mail jlockley@pittsh.com.au shirley.lecornu@alsenviro.com

:: TelephoneTelephone +61 62231800 +61-3-8549 9630

:: FacsimileFacsimile +61 03 62231299 +61-3-8549 9601

:Project Dundas Mining Field HB13108 QC Level : NEPM 1999  Schedule B(3) and ALS QCS3 requirement

:Order number HBH5118

:C-O-C number ---- Date Samples Received : 23-APR-2013

Sampler : JL Issue Date : 01-MAY-2013

Site : ----

10:No. of samples received

Quote number : MEBQ/119/12 10:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. All pages of this report have been checked and approved for 

release. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Environmental Division Melbourne ABN 84 009 936 029 Part of the ALS Group    An ALS Limited Company

Address 4 Westall Rd Springvale VIC Australia 3171 | PHONE  +61-3-8549 9600 | Facsimile   +61-3-8549 9601



2 of 6:Page

Work Order :

:Client

EM1304160

PITT & SHERRY

Dundas Mining Field HB13108:Project

General Comments

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

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

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

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

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

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

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

LOR = Limit of reporting

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

Key :

EA016: Calculated TDS is determined from Electrical conductivity using a conversion factor of 0.65.l

ED041G : EM1304160-006 for Sulphate has ben confirmed by re-analysis.l

Ionic Balance out of acceptable limits for EM1304160 #3 due to analytes not quantified in this report.l

Ionic Balance out of acceptable limits for sample  #6 as sample matrix is not deemed as potable or naturally occurring water and therefore ionic balance is not applicablel

Ionic balances were calculated using: major anions - chloride, alkalinity and sulfate; and major cations - calcium, magnesium, potassium and sodium.l

It is recognised that total metals is less than dissolved metals for samples EM1304160. However, the difference is within experimental variation of the methods.l

This document has been electronically signed by the authorized signatories indicated below. Electronic signing has been carried out in 

compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Dilani Fernando Senior Inorganic Chemist Melbourne Inorganics

Melbourne Inorganics

Eric Chau Metals Team Leader Melbourne Inorganics

Melbourne Inorganics

Nikki Stepniewski Senior Inorganic Instrument Chemist Melbourne Inorganics

Melbourne Inorganics

Varsha Ho Wing Non-Metals Team Leader Melbourne Inorganics

Melbourne Inorganics

NATA Accredited Laboratory 825

 

Accredited for compliance with 

ISO/IEC 17025.

Signatories
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Work Order :

:Client

EM1304160

PITT & SHERRY

Dundas Mining Field HB13108:Project

Analytical Results

CC10AMC9RB04RB03DR01Client sample IDSub-Matrix: WATER (Matrix: WATER)

17-APR-2013 15:0017-APR-2013 15:0016-APR-2013 15:0016-APR-2013 15:0016-APR-2013 15:00Client sampling date / time

EM1304160-005EM1304160-004EM1304160-003EM1304160-002EM1304160-001UnitLORCAS NumberCompound

EA005: pH

pH Value 7.868.24 7.90 7.43 7.64pH Unit0.01----

EA006: Sodium Adsorption Ratio (SAR)

Sodium Adsorption Ratio 0.441.04 0.78 0.84 0.78-0.01----

EA010P: Conductivity by PC Titrator

Electrical Conductivity @ 25°C 25394 124 125 90µS/cm1----

EA016: Non Marine - Estimated TDS Salinity

Total Dissolved Solids (Calc.) 16461 81 81 58mg/L10----

EA045: Turbidity

Turbidity <0.11.8 1.9 <0.1 0.9NTU0.1----

EA065: Total Hardness as CaCO3

Total Hardness as CaCO3 10017 31 26 20mg/L1----

ED037P: Alkalinity by PC Titrator

Hydroxide Alkalinity as CaCO3 <1<1 <1 <1 <1mg/L1DMO-210-001

Carbonate Alkalinity as CaCO3 <1<1 <1 <1 <1mg/L13812-32-6

Bicarbonate Alkalinity as CaCO3 4312 27 11 15mg/L171-52-3

Total Alkalinity as CaCO3 4312 27 11 15mg/L1----

ED038A: Acidity

Acidity as CaCO3 63 3 4 2mg/L1----

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

Sulfate as SO4 - Turbidimetric 587 6 16 5mg/L114808-79-8

ED045G: Chloride Discrete analyser

Chloride 1616 18 18 14mg/L116887-00-6

ED093F: Dissolved Major Cations

Calcium 72 1 4 3mg/L17440-70-2

Magnesium 203 7 4 3mg/L17439-95-4

Sodium 1010 10 10 8mg/L17440-23-5

Potassium <1<1 <1 <1 <1mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

Aluminium ----0.07 ---- 0.05 0.02mg/L0.017429-90-5

Arsenic ----<0.001 ---- <0.001 <0.001mg/L0.0017440-38-2

Cadmium ----0.0004 ---- 0.0028 <0.0001mg/L0.00017440-43-9

Chromium ----0.002 ---- 0.003 <0.001mg/L0.0017440-47-3

Copper ----0.002 ---- 0.002 0.002mg/L0.0017440-50-8
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Analytical Results

CC10AMC9RB04RB03DR01Client sample IDSub-Matrix: WATER (Matrix: WATER)

17-APR-2013 15:0017-APR-2013 15:0016-APR-2013 15:0016-APR-2013 15:0016-APR-2013 15:00Client sampling date / time

EM1304160-005EM1304160-004EM1304160-003EM1304160-002EM1304160-001UnitLORCAS NumberCompound

EG020F: Dissolved Metals by ICP-MS - Continued

Nickel ----0.006 ---- 0.013 0.003mg/L0.0017440-02-0

Lead ----0.004 ---- 0.008 0.003mg/L0.0017439-92-1

Zinc ----0.134 ---- 1.01 0.015mg/L0.0057440-66-6

Iron ----0.27 ---- 0.20 0.15mg/L0.057439-89-6

EG020T: Total Metals by ICP-MS

Aluminium <0.010.12 0.12 0.11 0.04mg/L0.017429-90-5

Arsenic <0.001<0.001 <0.001 <0.001 <0.001mg/L0.0017440-38-2

Cadmium 0.00090.0004 0.0002 0.0030 <0.0001mg/L0.00017440-43-9

Chromium <0.0010.002 0.003 0.004 <0.001mg/L0.0017440-47-3

Copper <0.0010.004 0.002 0.003 0.002mg/L0.0017440-50-8

Nickel 0.0620.007 0.035 0.015 0.004mg/L0.0017440-02-0

Lead <0.0010.006 0.006 0.025 0.024mg/L0.0017439-92-1

Zinc 0.1940.133 0.024 1.03 0.020mg/L0.0057440-66-6

Iron <0.050.35 0.60 0.32 0.26mg/L0.057439-89-6

EG035F: Dissolved Mercury by FIMS

Mercury ----<0.0001 ---- <0.0001 <0.0001mg/L0.00017439-97-6

EG035T:  Total Recoverable Mercury by FIMS

Mercury <0.0001<0.0001 <0.0001 <0.0001 <0.0001mg/L0.00017439-97-6

EK040P: Fluoride by PC Titrator

Fluoride <0.1<0.1 <0.1 <0.1 <0.1mg/L0.116984-48-8

EN055: Ionic Balance

Total Anions 2.520.84 1.17 1.06 0.80meq/L0.01----

Total Cations 2.430.78 1.06 0.96 0.74meq/L0.01----

Ionic Balance 1.793.43 5.01 4.79 3.52%0.01----
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Analytical Results

RL19AM18DR17DR16SCM13Client sample IDSub-Matrix: WATER (Matrix: WATER)

17-APR-2013 15:0017-APR-2013 15:0016-APR-2013 15:0016-APR-2013 15:0016-APR-2013 15:00Client sampling date / time

EM1304160-010EM1304160-009EM1304160-008EM1304160-007EM1304160-006UnitLORCAS NumberCompound

EA005: pH

pH Value 7.013.63 6.63 6.81 6.35pH Unit0.01----

EA006: Sodium Adsorption Ratio (SAR)

Sodium Adsorption Ratio 0.940.19 0.88 0.61 0.80-0.01----

EA010P: Conductivity by PC Titrator

Electrical Conductivity @ 25°C 1031830 114 135 119µS/cm1----

EA016: Non Marine - Estimated TDS Salinity

Total Dissolved Solids (Calc.) 671190 74 88 77mg/L10----

EA045: Turbidity

Turbidity <0.1113 32.8 <0.1 21300NTU0.1----

EA065: Total Hardness as CaCO3

Total Hardness as CaCO3 21618 20 41 30mg/L1----

ED037P: Alkalinity by PC Titrator

Hydroxide Alkalinity as CaCO3 <1<1 <1 <1 <1mg/L1DMO-210-001

Carbonate Alkalinity as CaCO3 <1<1 <1 <1 <1mg/L13812-32-6

Bicarbonate Alkalinity as CaCO3 16<1 8 37 3mg/L171-52-3

Total Alkalinity as CaCO3 16<1 8 37 3mg/L1----

ED038A: Acidity

Acidity as CaCO3 4218 5 4 28mg/L1----

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

Sulfate as SO4 - Turbidimetric 71180 18 8 22mg/L114808-79-8

ED045G: Chloride Discrete analyser

Chloride 1614 15 14 17mg/L116887-00-6

ED093F: Dissolved Major Cations

Calcium 289 3 5 2mg/L17440-70-2

Magnesium 496 3 7 6mg/L17439-95-4

Sodium 1011 9 9 10mg/L17440-23-5

Potassium <12 <1 <1 <1mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

Aluminium 0.06---- ---- ---- <0.01mg/L0.017429-90-5

Arsenic <0.001---- ---- ---- <0.001mg/L0.0017440-38-2

Cadmium 0.0003---- ---- ---- <0.0001mg/L0.00017440-43-9

Chromium <0.001---- ---- ---- 0.104mg/L0.0017440-47-3

Copper 0.002---- ---- ---- <0.001mg/L0.0017440-50-8
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Analytical Results

RL19AM18DR17DR16SCM13Client sample IDSub-Matrix: WATER (Matrix: WATER)

17-APR-2013 15:0017-APR-2013 15:0016-APR-2013 15:0016-APR-2013 15:0016-APR-2013 15:00Client sampling date / time

EM1304160-010EM1304160-009EM1304160-008EM1304160-007EM1304160-006UnitLORCAS NumberCompound

EG020F: Dissolved Metals by ICP-MS - Continued

Nickel 0.009---- ---- ---- 0.017mg/L0.0017440-02-0

Lead 0.005---- ---- ---- <0.001mg/L0.0017439-92-1

Zinc 0.100---- ---- ---- 0.009mg/L0.0057440-66-6

Iron 0.29---- ---- ---- <0.05mg/L0.057439-89-6

EG020T: Total Metals by ICP-MS

Aluminium 0.100.48 0.22 0.02 5.62mg/L0.017429-90-5

Arsenic <0.0010.003 0.002 0.002 0.005mg/L0.0017440-38-2

Cadmium 0.00060.327 0.0094 0.0013 0.0046mg/L0.00017440-43-9

Chromium <0.0010.001 0.003 0.006 0.950mg/L0.0017440-47-3

Copper 0.0080.029 0.004 0.002 0.127mg/L0.0017440-50-8

Nickel 0.0110.361 0.007 0.052 0.427mg/L0.0017440-02-0

Lead 0.0071.27 0.297 0.019 57.4mg/L0.0017439-92-1

Zinc 0.174111 2.61 0.209 1.05mg/L0.0057440-66-6

Iron 0.4219.7 2.69 0.14 22.2mg/L0.057439-89-6

EG035F: Dissolved Mercury by FIMS

Mercury <0.0001---- ---- ---- <0.0001mg/L0.00017439-97-6

EG035T:  Total Recoverable Mercury by FIMS

Mercury <0.0001<0.0001 <0.0001 <0.0001 <0.0001mg/L0.00017439-97-6

EK040P: Fluoride by PC Titrator

Fluoride <0.1<0.1 <0.1 <0.1 <0.1mg/L0.116984-48-8

EN055: Ionic Balance

Total Anions 0.9227.7 0.96 1.30 1.00meq/L0.01----

Total Cations 0.8612.9 0.79 1.22 1.03meq/L0.01----

Ionic Balance 2.98---- ---- 3.34 1.52%0.01----
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QUALITY CONTROL REPORT
Work Order : EM1304160 Page : 1 of 9

:: LaboratoryClient Environmental Division MelbournePITT & SHERRY

: :ContactContact MR JIM LOCKLEY Shirley LeCornu

:: AddressAddress PO BOX 94

199 MACQUARIE ST

HOBART TAS, AUSTRALIA 7001

4 Westall Rd Springvale VIC Australia 3171

:: E-mailE-mail jlockley@pittsh.com.au shirley.lecornu@alsenviro.com

:: TelephoneTelephone +61 62231800 +61-3-8549 9630

:: FacsimileFacsimile +61 03 62231299 +61-3-8549 9601

:Project Dundas Mining Field HB13108 QC Level : NEPM 1999  Schedule B(3) and ALS QCS3 requirement

Site : ----

:C-O-C number ---- Date Samples Received : 23-APR-2013

Sampler : JL Issue Date : 01-MAY-2013

:Order number HBH5118

10:No. of samples received

Quote number : MEBQ/119/12 10:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. All pages of this report have been checked and approved for 

release. 

This Quality Control Report contains the following information:

l Laboratory Duplicate (DUP) Report; Relative Percentage Difference (RPD) and Acceptance Limits

l Method Blank (MB) and Laboratory Control Spike (LCS) Report ; Recovery and Acceptance Limits

l Matrix Spike (MS) Report; Recovery and Acceptance Limits

Address 4 Westall Rd Springvale VIC Australia 3171 | PHONE  +61-3-8549 9600 | Facsimile   +61-3-8549 9601

Environmental Division Melbourne ABN 84 009 936 029 Part of the ALS Group    An ALS Limited Company
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General Comments

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

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

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

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

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

Anonymous = Refers to samples which are not specifically part of this work order but formed part of the QC process lot

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

LOR = Limit of reporting 

RPD = Relative Percentage Difference

#  = Indicates failed QC

Key :

This document has been electronically signed by the authorized signatories indicated below. Electronic signing has been carried out in compliance with 

procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Dilani Fernando Senior Inorganic Chemist Melbourne Inorganics

Melbourne Inorganics

Eric Chau Metals Team Leader Melbourne Inorganics

Melbourne Inorganics

Nikki Stepniewski Senior Inorganic Instrument 

Chemist

Melbourne Inorganics

Melbourne Inorganics

Varsha Ho Wing Non-Metals Team Leader Melbourne Inorganics

Melbourne Inorganics

SignatoriesNATA Accredited 

Laboratory 825

 

Accredited for 

compliance with 

ISO/IEC 17025.
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Laboratory Duplicate (DUP) Report

The quality control term Laboratory Duplicate refers to a randomly selected intralaboratory split. Laboratory duplicates provide information regarding method precision and sample heterogeneity. The permitted ranges 

for the Relative Percent Deviation (RPD) of Laboratory Duplicates are specified in ALS Method QWI -EN/38 and are dependent on the magnitude of results in comparison to the level of reporting: Result < 10 times LOR:- 

No Limit; Result between 10 and 20 times LOR:- 0% - 50%; Result > 20 times LOR:- 0% - 20%.

Sub-Matrix: WATER Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

EA005: pH  (QC Lot: 2837086)

EA005: pH Value ---- 0.01 pH Unit 7.16 7.15 0.1 0% - 20%AnonymousEM1304140-001

EA005: pH Value ---- 0.01 pH Unit 7.90 7.91 0.1 0% - 20%RB04EM1304160-003

EA010P: Conductivity by PC Titrator  (QC Lot: 2839224)

EA010-P: Electrical Conductivity @ 25°C ---- 1 µS/cm 94 96 2.4 0% - 20%DR01EM1304160-001

EA010-P: Electrical Conductivity @ 25°C ---- 1 µS/cm 119 119 0.0 0% - 20%RL19EM1304160-010

EA045: Turbidity  (QC Lot: 2836782)

EA045: Turbidity ---- 0.1 NTU 1.8 1.7 0.0 0% - 50%DR01EM1304160-001

EA045: Turbidity ---- 0.1 NTU 21300 24400 13.8 0% - 20%RL19EM1304160-010

ED037P: Alkalinity by PC Titrator  (QC Lot: 2839222)

ED037-P: Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 0.0 No LimitAnonymousEM1303949-005

ED037-P: Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L <1 <1 0.0 No Limit

ED037-P: Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 1060 1060 0.2 0% - 20%

ED037-P: Total Alkalinity as CaCO3 ---- 1 mg/L 1060 1060 0.2 0% - 20%

ED037-P: Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 0.0 No LimitAnonymousEM1304107-008

ED037-P: Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L <1 <1 0.0 No Limit

ED037-P: Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 112 113 0.0 0% - 20%

ED037-P: Total Alkalinity as CaCO3 ---- 1 mg/L 112 113 0.0 0% - 20%

ED037P: Alkalinity by PC Titrator  (QC Lot: 2839225)

ED037-P: Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 0.0 No LimitDR17EM1304160-008

ED037-P: Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L <1 <1 0.0 No Limit

ED037-P: Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 8 8 0.0 No Limit

ED037-P: Total Alkalinity as CaCO3 ---- 1 mg/L 8 8 0.0 No Limit

ED037-P: Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 0.0 No LimitAnonymousEM1304190-001

ED037-P: Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L <1 <1 0.0 No Limit

ED037-P: Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 1180 1170 1.0 0% - 20%

ED037-P: Total Alkalinity as CaCO3 ---- 1 mg/L 1180 1170 1.0 0% - 20%

ED038A: Acidity  (QC Lot: 2844523)

ED038: Acidity as CaCO3 ---- 1 mg/L 162 171 5.4 0% - 20%AnonymousEM1303955-001

ED038: Acidity as CaCO3 ---- 1 mg/L 6 7 16.1 No LimitRB03EM1304160-002

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA  (QC Lot: 2836520)

ED041G: Sulfate as SO4 - Turbidimetric 14808-79-8 1 mg/L 1760 1840 4.3 0% - 20%AnonymousEM1304156-001

ED041G: Sulfate as SO4 - Turbidimetric 14808-79-8 1 mg/L 6 6 0.0 0% - 20%RB04EM1304160-003

ED045G: Chloride Discrete analyser  (QC Lot: 2836519)

ED045G: Chloride 16887-00-6 1 mg/L 11600 11400 1.5 0% - 20%AnonymousEM1304156-001

ED045G: Chloride 16887-00-6 1 mg/L 18 18 0.0 0% - 20%RB04EM1304160-003
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Sub-Matrix: WATER Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

ED093F: Dissolved Major Cations  (QC Lot: 2836518)

ED093F: Calcium 7440-70-2 1 mg/L 222 226 1.9 0% - 20%AnonymousEM1304156-001

ED093F: Magnesium 7439-95-4 1 mg/L 726 725 0.0 0% - 20%

ED093F: Sodium 7440-23-5 1 mg/L 5850 5750 1.8 0% - 20%

ED093F: Potassium 7440-09-7 1 mg/L 136 133 2.0 0% - 20%

ED093F: Calcium 7440-70-2 1 mg/L 1 1 0.0 0% - 20%RB04EM1304160-003

ED093F: Magnesium 7439-95-4 1 mg/L 7 7 0.0 0% - 20%

ED093F: Sodium 7440-23-5 1 mg/L 10 10 0.0 0% - 20%

ED093F: Potassium 7440-09-7 1 mg/L <1 <1 0.0 No Limit

EG020F: Dissolved Metals by ICP-MS  (QC Lot: 2839421)

EG020A-F: Cadmium 7440-43-9 0.0001 mg/L <0.0001 <0.0001 0.0 No LimitAnonymousEM1303964-002

EG020A-F: Arsenic 7440-38-2 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-F: Chromium 7440-47-3 0.001 mg/L 0.002 0.001 0.0 No Limit

EG020A-F: Copper 7440-50-8 0.001 mg/L 0.007 0.007 0.0 No Limit

EG020A-F: Lead 7439-92-1 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-F: Nickel 7440-02-0 0.001 mg/L 0.002 0.002 0.0 No Limit

EG020A-F: Zinc 7440-66-6 0.005 mg/L 0.006 0.006 0.0 No Limit

EG020A-F: Aluminium 7429-90-5 0.01 mg/L <0.01 <0.01 0.0 No Limit

EG020A-F: Iron 7439-89-6 0.05 mg/L <0.05 <0.05 0.0 No Limit

EG020A-F: Cadmium 7440-43-9 0.0001 mg/L <0.0001 0.0002 0.0 No LimitAnonymousEM1304143-001

EG020A-F: Arsenic 7440-38-2 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-F: Chromium 7440-47-3 0.001 mg/L 0.003 0.003 0.0 No Limit

EG020A-F: Copper 7440-50-8 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-F: Lead 7439-92-1 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-F: Nickel 7440-02-0 0.001 mg/L 0.002 0.002 0.0 No Limit

EG020A-F: Zinc 7440-66-6 0.005 mg/L <0.005 <0.005 0.0 No Limit

EG020A-F: Aluminium 7429-90-5 0.01 mg/L 0.88 0.86 0.0 0% - 20%

EG020A-F: Iron 7439-89-6 0.05 mg/L 0.82 0.86 4.7 0% - 50%

EG020T: Total Metals by ICP-MS  (QC Lot: 2839408)

EG020A-T: Cadmium 7440-43-9 0.0001 mg/L <0.0001 <0.0001 0.0 No LimitAnonymousEM1304087-001

EG020A-T: Arsenic 7440-38-2 0.001 mg/L 0.002 0.005 102 No Limit

EG020A-T: Chromium 7440-47-3 0.001 mg/L 0.027 0.027 0.0 0% - 20%

EG020A-T: Copper 7440-50-8 0.001 mg/L 0.006 0.008 18.2 No Limit

EG020A-T: Lead 7439-92-1 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-T: Nickel 7440-02-0 0.001 mg/L 0.008 0.010 25.2 0% - 50%

EG020A-T: Zinc 7440-66-6 0.005 mg/L 0.465 0.490 5.2 0% - 20%

EG020A-T: Aluminium 7429-90-5 0.01 mg/L 0.16 0.17 0.0 0% - 50%

EG020A-T: Iron 7439-89-6 0.05 mg/L 0.24 0.29 19.6 No Limit

EG020A-T: Cadmium 7440-43-9 0.0001 mg/L <0.0001 <0.0001 0.0 No LimitAnonymousEM1304158-048

EG020A-T: Arsenic 7440-38-2 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-T: Chromium 7440-47-3 0.001 mg/L <0.001 <0.001 0.0 No Limit
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Sub-Matrix: WATER Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

EG020T: Total Metals by ICP-MS  (QC Lot: 2839408)  - continued

EG020A-T: Copper 7440-50-8 0.001 mg/L <0.001 <0.001 0.0 No LimitAnonymousEM1304158-048

EG020A-T: Lead 7439-92-1 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-T: Nickel 7440-02-0 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-T: Zinc 7440-66-6 0.005 mg/L <0.005 <0.005 0.0 No Limit

EG020A-T: Aluminium 7429-90-5 0.01 mg/L <0.01 <0.01 0.0 No Limit

EG020A-T: Iron 7439-89-6 0.05 mg/L <0.05 <0.05 0.0 No Limit

EG035F: Dissolved Mercury by FIMS  (QC Lot: 2839420)

EG035F: Mercury 7439-97-6 0.0001 mg/L <0.0001 <0.0001 0.0 No LimitAnonymousEM1303964-002

EG035F: Mercury 7439-97-6 0.0001 mg/L <0.0001 <0.0001 0.0 No LimitAnonymousEM1304150-001

EG035T:  Total Recoverable Mercury by FIMS  (QC Lot: 2836439)

EG035T: Mercury 7439-97-6 0.0001 mg/L <0.0001 <0.0001 0.0 No LimitAnonymousEM1304128-015

EG035T: Mercury 7439-97-6 0.0001 mg/L <0.0001 <0.0001 0.0 No LimitDR16EM1304160-007

EK040P: Fluoride by PC Titrator  (QC Lot: 2839223)

EK040P: Fluoride 16984-48-8 0.1 mg/L <0.1 0.2 0.0 No LimitAnonymousEM1304155-001

EK040P: Fluoride 16984-48-8 0.1 mg/L <0.1 <0.1 0.0 No LimitDR17EM1304160-008
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Method Blank (MB) and Laboratory Control Spike (LCS) Report

The quality control term Method / Laboratory Blank refers to an analyte free matrix to which all reagents are added in the same volumes or proportions as used in standard sample preparation. The purpose of this QC 

parameter is to monitor potential laboratory contamination. The quality control term Laboratory Control Sample (LCS) refers to a certified reference material, or a known interference free matrix spiked with target 

analytes. The purpose of this QC parameter is to monitor method precision and accuracy independent of sample matrix. Dynamic Recovery Limits are based on statistical evaluation of processed LCS.

Sub-Matrix: WATER Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EA010P: Conductivity by PC Titrator  (QCLot: 2839224)

EA010-P: Electrical Conductivity @ 25°C ---- 1 µS/cm <1 1001412 µS/cm 10298

EA045: Turbidity  (QCLot: 2836782)

EA045: Turbidity ---- 0.1 NTU <0.1 10240.0 NTU 10692

ED037P: Alkalinity by PC Titrator  (QCLot: 2839222)

ED037-P: Total Alkalinity as CaCO3 ---- 1 mg/L ---- 96.5200 mg/L 12777

ED037P: Alkalinity by PC Titrator  (QCLot: 2839225)

ED037-P: Total Alkalinity as CaCO3 ---- 1 mg/L ---- 97.2200 mg/L 12777

ED038A: Acidity  (QCLot: 2844523)

ED038: Acidity as CaCO3 ---- 1 mg/L ---- 10420 mg/L 11189

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA  (QCLot: 2836520)

ED041G: Sulfate as SO4 - Turbidimetric 14808-79-8 1 mg/L <1 10812.5 mg/L 12581

ED045G: Chloride Discrete analyser  (QCLot: 2836519)

ED045G: Chloride 16887-00-6 1 mg/L <1 1131000 mg/L 11789

ED093F: Dissolved Major Cations  (QCLot: 2836518)

ED093F: Calcium 7440-70-2 1 mg/L <1 1025 mg/L 12983

ED093F: Magnesium 7439-95-4 1 mg/L <1 1035 mg/L 12480

ED093F: Sodium 7440-23-5 1 mg/L <1 10450 mg/L 12577

ED093F: Potassium 7440-09-7 1 mg/L <1 96.950 mg/L 12377

EG020F: Dissolved Metals by ICP-MS  (QCLot: 2839421)

EG020A-F: Aluminium 7429-90-5 0.01 mg/L <0.01 97.40.5 mg/L 11090

EG020A-F: Arsenic 7440-38-2 0.001 mg/L <0.001 1000.1 mg/L 10993

EG020A-F: Cadmium 7440-43-9 0.0001 mg/L <0.0001 94.70.1 mg/L 11185

EG020A-F: Chromium 7440-47-3 0.001 mg/L <0.001 1050.1 mg/L 11286

EG020A-F: Copper 7440-50-8 0.001 mg/L <0.001 94.40.1 mg/L 11086

EG020A-F: Lead 7439-92-1 0.001 mg/L <0.001 98.00.1 mg/L 11288

EG020A-F: Nickel 7440-02-0 0.001 mg/L <0.001 1000.1 mg/L 11286

EG020A-F: Zinc 7440-66-6 0.005 mg/L <0.005 97.60.1 mg/L 11383

EG020A-F: Iron 7439-89-6 0.05 mg/L <0.05 99.80.5 mg/L 11288

EG020T: Total Metals by ICP-MS  (QCLot: 2839408)

EG020A-T: Aluminium 7429-90-5 0.01 mg/L <0.01 1050.5 mg/L 11593

EG020A-T: Arsenic 7440-38-2 0.001 mg/L <0.001 1080.1 mg/L 11494

EG020A-T: Cadmium 7440-43-9 0.0001 mg/L <0.0001 1060.1 mg/L 11290

EG020A-T: Chromium 7440-47-3 0.001 mg/L <0.001 1020.1 mg/L 11688
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Sub-Matrix: WATER Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EG020T: Total Metals by ICP-MS  (QCLot: 2839408)  - continued

EG020A-T: Copper 7440-50-8 0.001 mg/L <0.001 1040.1 mg/L 11389

EG020A-T: Lead 7439-92-1 0.001 mg/L <0.001 1130.1 mg/L 11591

EG020A-T: Nickel 7440-02-0 0.001 mg/L <0.001 1140.1 mg/L 11690

EG020A-T: Zinc 7440-66-6 0.005 mg/L <0.005 1060.1 mg/L 11387

EG020A-T: Iron 7439-89-6 0.05 mg/L <0.05 1050.5 mg/L 11791

EG035F: Dissolved Mercury by FIMS  (QCLot: 2839420)

EG035F: Mercury 7439-97-6 0.0001 mg/L <0.0001 1080.0100 mg/L 12678

EG035T:  Total Recoverable Mercury by FIMS  (QCLot: 2836439)

EG035T: Mercury 7439-97-6 0.0001 mg/L <0.0001 98.80.0100 mg/L 12478

EK040P: Fluoride by PC Titrator  (QCLot: 2839223)

EK040P: Fluoride 16984-48-8 0.1 mg/L <0.1 1015 mg/L 12078

Matrix Spike (MS) Report
The quality control term Matrix Spike (MS) refers to an intralaboratory split sample spiked with a representative set of target analytes. The purpose of this QC parameter is to monitor potential matrix effects on 

analyte recoveries. Static Recovery Limits as per laboratory Data Quality Objectives (DQOs). Ideal recovery ranges stated may be waived in the event of sample matrix interference.

Sub-Matrix: WATER Matrix Spike (MS) Report

SpikeRecovery(%) Recovery Limits (%)Spike 

HighLowMSConcentrationLaboratory sample ID Client sample ID Method: Compound CAS Number

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA  (QCLot: 2836520)

AnonymousEM1304156-002 14808-79-8ED041G: Sulfate as SO4 - Turbidimetric # Not 

Determined

10 mg/L 13070

ED045G: Chloride Discrete analyser  (QCLot: 2836519)

AnonymousEM1304156-002 16887-00-6ED045G: Chloride # Not 

Determined

400 mg/L 13070

EG020F: Dissolved Metals by ICP-MS  (QCLot: 2839421)

AnonymousEM1303964-002 7440-38-2EG020A-F: Arsenic 1100.2 mg/L 13989

7440-43-9EG020A-F: Cadmium 90.00.05 mg/L 13175

7440-47-3EG020A-F: Chromium 95.70.2 mg/L 13070

7440-50-8EG020A-F: Copper 92.50.2 mg/L 12771

7439-92-1EG020A-F: Lead 89.90.2 mg/L 12371

7440-02-0EG020A-F: Nickel 93.50.2 mg/L 12973

7440-66-6EG020A-F: Zinc 89.50.2 mg/L 13668

EG020T: Total Metals by ICP-MS  (QCLot: 2839408)

AnonymousEM1304087-001 7440-38-2EG020A-T: Arsenic 1151 mg/L 14672

7440-43-9EG020A-T: Cadmium 1060.25 mg/L 13173

7440-47-3EG020A-T: Chromium 84.31 mg/L 13165

7440-50-8EG020A-T: Copper 97.71 mg/L 12571
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Sub-Matrix: WATER Matrix Spike (MS) Report

SpikeRecovery(%) Recovery Limits (%)Spike 

HighLowMSConcentrationLaboratory sample ID Client sample ID Method: Compound CAS Number

EG020T: Total Metals by ICP-MS  (QCLot: 2839408)  - continued

AnonymousEM1304087-001 7439-92-1EG020A-T: Lead 1111 mg/L 13068

7440-02-0EG020A-T: Nickel 96.11 mg/L 12872

7440-66-6EG020A-T: Zinc 97.11 mg/L 12967

EG035F: Dissolved Mercury by FIMS  (QCLot: 2839420)

AnonymousEM1303964-004 7439-97-6EG035F: Mercury 92.20.0100 mg/L 13070

EG035T:  Total Recoverable Mercury by FIMS  (QCLot: 2836439)

AnonymousEM1304158-045 7439-97-6EG035T: Mercury 92.90.0100 mg/L 12868

EK040P: Fluoride by PC Titrator  (QCLot: 2839223)

AnonymousEM1304155-004 16984-48-8EK040P: Fluoride 98.25.0 mg/L 13070

Matrix Spike (MS) and Matrix Spike Duplicate (MSD) Report

The quality control term Matrix Spike (MS) and Matrix Spike Duplicate (MSD) refers to intralaboratory split samples spiked with a representative set of target analytes. The purpose of these QC parameters are to 

monitor potential matrix effects on analyte recoveries. Static Recovery Limits as per laboratory Data Quality Objectives (DQOs). Ideal recovery ranges stated may be waived in the event of sample matrix interference.

Sub-Matrix: WATER Matrix Spike (MS) and Matrix Spike Duplicate (MSD) Report

RPDs (%)Spike Recovery (%) Recovery Limits (%)Spike 

Control LimitValueHighLowMSDMSConcentrationLaboratory sample ID Client sample ID Method: Compound CAS Number

EG035T:  Total Recoverable Mercury by FIMS  (QCLot: 2836439)

AnonymousEM1304158-045 7439-97-6EG035T: Mercury --------92.90.0100 mg/L 12868 ----

ED045G: Chloride Discrete analyser  (QCLot: 2836519)

AnonymousEM1304156-002 16887-00-6ED045G: Chloride --------# Not 

Determined

400 mg/L 13070 ----

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA  (QCLot: 2836520)

AnonymousEM1304156-002 14808-79-8ED041G: Sulfate as SO4 - Turbidimetric --------# Not 

Determined

10 mg/L 13070 ----

EK040P: Fluoride by PC Titrator  (QCLot: 2839223)

AnonymousEM1304155-004 16984-48-8EK040P: Fluoride --------98.25.0 mg/L 13070 ----

EG020T: Total Metals by ICP-MS  (QCLot: 2839408)

AnonymousEM1304087-001 7440-38-2EG020A-T: Arsenic --------1151 mg/L 14672 ----

7440-43-9EG020A-T: Cadmium --------1060.25 mg/L 13173 ----

7440-47-3EG020A-T: Chromium --------84.31 mg/L 13165 ----

7440-50-8EG020A-T: Copper --------97.71 mg/L 12571 ----

7439-92-1EG020A-T: Lead --------1111 mg/L 13068 ----

7440-02-0EG020A-T: Nickel --------96.11 mg/L 12872 ----

7440-66-6EG020A-T: Zinc --------97.11 mg/L 12967 ----

EG035F: Dissolved Mercury by FIMS  (QCLot: 2839420)

AnonymousEM1303964-004 7439-97-6EG035F: Mercury --------92.20.0100 mg/L 13070 ----
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Sub-Matrix: WATER Matrix Spike (MS) and Matrix Spike Duplicate (MSD) Report

RPDs (%)Spike Recovery (%) Recovery Limits (%)Spike 

Control LimitValueHighLowMSDMSConcentrationLaboratory sample ID Client sample ID Method: Compound CAS Number

EG020F: Dissolved Metals by ICP-MS  (QCLot: 2839421)

AnonymousEM1303964-002 7440-38-2EG020A-F: Arsenic --------1100.2 mg/L 13989 ----

7440-43-9EG020A-F: Cadmium --------90.00.05 mg/L 13175 ----

7440-47-3EG020A-F: Chromium --------95.70.2 mg/L 13070 ----

7440-50-8EG020A-F: Copper --------92.50.2 mg/L 12771 ----

7439-92-1EG020A-F: Lead --------89.90.2 mg/L 12371 ----

7440-02-0EG020A-F: Nickel --------93.50.2 mg/L 12973 ----

7440-66-6EG020A-F: Zinc --------89.50.2 mg/L 13668 ----
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INTERPRETIVE QUALITY CONTROL REPORT
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:: LaboratoryClient Environmental Division MelbournePITT & SHERRY

: :ContactContact MR JIM LOCKLEY Shirley LeCornu

:: AddressAddress PO BOX 94

199 MACQUARIE ST

HOBART TAS, AUSTRALIA 7001

4 Westall Rd Springvale VIC Australia 3171

:: E-mailE-mail jlockley@pittsh.com.au shirley.lecornu@alsenviro.com

:: TelephoneTelephone +61 62231800 +61-3-8549 9630

:: FacsimileFacsimile +61 03 62231299 +61-3-8549 9601

:Project Dundas Mining Field HB13108 QC Level : NEPM 1999  Schedule B(3) and ALS QCS3 requirement

Site : ----

:C-O-C number ---- Date Samples Received : 23-APR-2013

JL:Sampler Issue Date : 01-MAY-2013

:Order number HBH5118

No. of samples received : 10

Quote number : MEBQ/119/12 No. of samples analysed : 10

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. All pages of this report have been checked and approved for release.

This Interpretive Quality Control Report contains the following information:

l Analysis Holding Time Compliance

l Quality Control Parameter Frequency Compliance

l Brief Method Summaries

l Summary of Outliers

Address 4 Westall Rd Springvale VIC Australia 3171 | PHONE  +61-3-8549 9600 | Facsimile   +61-3-8549 9601

Environmental Division Melbourne ABN 84 009 936 029 Part of the ALS Group    An ALS Limited Company
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Analysis Holding Time Compliance

The following report summarises extraction / preparation and analysis times and compares with recommended holding times. Dates reported represent first date of extraction or analysis and precludes subsequent 

dilutions and reruns. Information is also provided re the sample container (preservative) from which the analysis aliquot was taken. Elapsed period to analysis represents number of days from sampling where no 

extraction / digestion is involved or period from extraction / digestion where this is present. For composite samples, sampling date is assumed to be that of the oldest sample contributing to the composite.  Sample date 

for laboratory produced leachates is assumed as the completion date of the leaching process. Outliers for holding time are based on USEPA SW 846, APHA, AS and NEPM (1999). A listing of breaches is provided in 

the Summary of Outliers.

Holding times for leachate methods (excluding elutriates) vary according to the analytes being determined on the resulting solution. For non -volatile analytes, the holding time compliance assessment compares the 

leach date with the shortest analyte holding time for the equivalent soil method. These soil holding times are: Organics (14 days); Mercury (28 days) & other metals (180 days). A recorded breach therefore does not 

guarantee a breach for all non-volatile parameters.

Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EA005: pH

Clear Plastic Bottle - Natural (EA005)

DR01, RB03,

RB04, SCM13,

DR16, DR17

16-APR-2013---- 24-APR-2013----16-APR-2013 ---- û

Clear Plastic Bottle - Natural (EA005)

AMC9, CC10,

AM18, RL19

17-APR-2013---- 24-APR-2013----17-APR-2013 ---- û

EA010P: Conductivity by PC Titrator

Clear Plastic Bottle - Natural (EA010-P)

DR01, RB03,

RB04, SCM13,

DR16, DR17

14-MAY-201314-MAY-2013 30-APR-2013---16-APR-2013 ---- ü

Clear Plastic Bottle - Natural (EA010-P)

AMC9, CC10,

AM18, RL19

15-MAY-201315-MAY-2013 30-APR-2013---17-APR-2013 ---- ü

EA045: Turbidity

Clear Plastic Bottle - Natural (EA045)

DR01, RB03,

RB04, SCM13,

DR16, DR17

18-APR-2013---- 24-APR-2013----16-APR-2013 ---- û

Clear Plastic Bottle - Natural (EA045)

AMC9, CC10,

AM18, RL19

19-APR-2013---- 24-APR-2013----17-APR-2013 ---- û

ED037P: Alkalinity by PC Titrator

Clear Plastic Bottle - Natural (ED037-P)

DR01, RB03,

RB04, SCM13,

DR16, DR17

30-APR-201330-APR-2013 26-APR-2013---16-APR-2013 ---- ü

Clear Plastic Bottle - Natural (ED037-P)

AMC9, CC10,

AM18, RL19

01-MAY-201301-MAY-2013 26-APR-2013---17-APR-2013 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

ED038A: Acidity

Clear Plastic Bottle - Natural (ED038)

DR01, RB03,

RB04, SCM13,

DR16, DR17

30-APR-2013---- 30-APR-2013----16-APR-2013 ---- ü

Clear Plastic Bottle - Natural (ED038)

AMC9, CC10,

AM18, RL19

01-MAY-2013---- 30-APR-2013----17-APR-2013 ---- ü

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

Clear Plastic Bottle - Natural (ED041G)

DR01, RB03,

RB04, SCM13,

DR16, DR17

14-MAY-201314-MAY-2013 24-APR-2013---16-APR-2013 ---- ü

Clear Plastic Bottle - Natural (ED041G)

AMC9, CC10,

AM18, RL19

15-MAY-201315-MAY-2013 24-APR-2013---17-APR-2013 ---- ü

ED045G: Chloride Discrete analyser

Clear Plastic Bottle - Natural (ED045G)

DR01, RB03,

RB04, SCM13,

DR16, DR17

14-MAY-201314-MAY-2013 24-APR-2013---16-APR-2013 ---- ü

Clear Plastic Bottle - Natural (ED045G)

AMC9, CC10,

AM18, RL19

15-MAY-201315-MAY-2013 24-APR-2013---17-APR-2013 ---- ü

ED093F: Dissolved Major Cations

Clear Plastic Bottle - Natural (ED093F)

DR01, RB03,

RB04, SCM13,

DR16, DR17

23-APR-201323-APR-2013 23-APR-2013---16-APR-2013 ---- ü

Clear Plastic Bottle - Natural (ED093F)

AMC9, CC10,

AM18, RL19

24-APR-201324-APR-2013 23-APR-2013---17-APR-2013 ---- ü

EA006: Sodium Adsorption Ratio (SAR)

Clear Plastic Bottle - Natural (ED093F)

DR01, RB03,

RB04, SCM13,

DR16, DR17

23-APR-201323-APR-2013 23-APR-2013---16-APR-2013 ---- ü

Clear Plastic Bottle - Natural (ED093F)

AMC9, CC10,

AM18, RL19

24-APR-201324-APR-2013 23-APR-2013---17-APR-2013 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EA065: Total Hardness as CaCO3

Clear Plastic Bottle - Natural (ED093F)

DR01, RB03,

RB04, SCM13,

DR16, DR17

23-APR-201323-APR-2013 23-APR-2013---16-APR-2013 ---- ü

Clear Plastic Bottle - Natural (ED093F)

AMC9, CC10,

AM18, RL19

24-APR-201324-APR-2013 23-APR-2013---17-APR-2013 ---- ü

EG020F: Dissolved Metals by ICP-MS

Clear Plastic Bottle - Filtered; Lab-acidified (EG020A-F)

DR01, DR16 13-OCT-201313-OCT-2013 30-APR-2013---16-APR-2013 ---- ü
Clear Plastic Bottle - Filtered; Lab-acidified (EG020A-F)

AMC9, CC10,

RL19

14-OCT-201314-OCT-2013 30-APR-2013---17-APR-2013 ---- ü

EG020T: Total Metals by ICP-MS

Clear Plastic Bottle - Unfiltered; Lab-acidified (EG020A-T)

DR01, RB03,

RB04, SCM13,

DR16, DR17

13-OCT-201313-OCT-2013 26-APR-201326-APR-201316-APR-2013 ü ü

Clear Plastic Bottle - Unfiltered; Lab-acidified (EG020A-T)

AMC9, CC10,

AM18, RL19

14-OCT-201314-OCT-2013 26-APR-201326-APR-201317-APR-2013 ü ü

EG035F: Dissolved Mercury by FIMS

Clear Plastic Bottle - Filtered; Lab-acidified (EG035F)

DR01, DR16 14-MAY-201314-MAY-2013 30-APR-2013---16-APR-2013 ---- ü
Clear Plastic Bottle - Filtered; Lab-acidified (EG035F)

AMC9, CC10,

RL19

15-MAY-201315-MAY-2013 30-APR-2013---17-APR-2013 ---- ü

EG035T:  Total Recoverable Mercury by FIMS

Clear Plastic Bottle - Unfiltered; Lab-acidified (EG035T)

DR01, RB03,

RB04, SCM13,

DR16, DR17

14-MAY-2013---- 24-APR-2013----16-APR-2013 ---- ü

Clear Plastic Bottle - Unfiltered; Lab-acidified (EG035T)

AMC9, CC10,

AM18, RL19

15-MAY-2013---- 24-APR-2013----17-APR-2013 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EK040P: Fluoride by PC Titrator

Clear Plastic Bottle - Natural (EK040P)

DR01, RB03,

RB04, SCM13,

DR16, DR17

14-MAY-201314-MAY-2013 26-APR-2013---16-APR-2013 ---- ü

Clear Plastic Bottle - Natural (EK040P)

AMC9, CC10,

AM18, RL19

15-MAY-201315-MAY-2013 26-APR-2013---17-APR-2013 ---- ü
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Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(where) processed. Actual rate should be greater than or equal to 

the expected rate. A listing of breaches is provided in the Summary of Outliers.

Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 

Quality Control SpecificationQuality Control Sample Type

ExpectedQC Regular Actual

Rate (%)Quality Control Sample Type Count
EvaluationAnalytical Methods Method

Laboratory Duplicates (DUP)

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.5   10.02 19 üAcidity as Calcium Carbonate ED038

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.3   10.04 39 üAlkalinity by PC Titrator ED037-P

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.0   10.02 20 üChloride by Discrete Analyser ED045G

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  20.0   10.02 10 üConductivity by PC Titrator EA010-P

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.5   10.02 19 üDissolved Mercury by FIMS EG035F

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.0   10.02 20 üDissolved Metals by ICP-MS - Suite A EG020A-F

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  15.4   10.02 13 üFluoride by PC Titrator EK040P

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.0   10.02 20 üMajor Cations - Dissolved ED093F

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.0   10.02 20 üpH EA005

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.0   10.02 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  15.4   10.02 13 üTotal Mercury by FIMS EG035T

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.0   10.02 20 üTotal Metals by ICP-MS - Suite A EG020A-T

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  14.3   10.02 14 üTurbidity EA045

Laboratory Control Samples (LCS)

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.3    5.01 19 üAcidity as Calcium Carbonate ED038

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.1    5.02 39 üAlkalinity by PC Titrator ED037-P

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.0   10.02 20 üChloride by Discrete Analyser ED045G

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.0    5.01 10 üConductivity by PC Titrator EA010-P

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.3    5.01 19 üDissolved Mercury by FIMS EG035F

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.0    5.01 20 üDissolved Metals by ICP-MS - Suite A EG020A-F

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   7.7    5.01 13 üFluoride by PC Titrator EK040P

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.0    5.01 20 üMajor Cations - Dissolved ED093F

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.0    5.01 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   7.7    5.01 13 üTotal Mercury by FIMS EG035T

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.0    5.01 20 üTotal Metals by ICP-MS - Suite A EG020A-T

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   7.1    5.01 14 üTurbidity EA045

Method Blanks (MB)

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.0    5.01 20 üChloride by Discrete Analyser ED045G

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.0    5.01 10 üConductivity by PC Titrator EA010-P

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.3    5.01 19 üDissolved Mercury by FIMS EG035F

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.0    5.01 20 üDissolved Metals by ICP-MS - Suite A EG020A-F

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   7.7    5.01 13 üFluoride by PC Titrator EK040P

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.0    5.01 20 üMajor Cations - Dissolved ED093F

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.0    5.01 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   7.7    5.01 13 üTotal Mercury by FIMS EG035T

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.0    5.01 20 üTotal Metals by ICP-MS - Suite A EG020A-T
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Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 

Quality Control SpecificationQuality Control Sample Type

ExpectedQC Regular Actual

Rate (%)Quality Control Sample Type Count
EvaluationAnalytical Methods Method

Method Blanks (MB) - Continued

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   7.1    5.01 14 üTurbidity EA045

Matrix Spikes (MS)

ALS QCS3 requirement   5.0    5.01 20 üChloride by Discrete Analyser ED045G

ALS QCS3 requirement   5.3    5.01 19 üDissolved Mercury by FIMS EG035F

ALS QCS3 requirement   5.0    5.01 20 üDissolved Metals by ICP-MS - Suite A EG020A-F

ALS QCS3 requirement   7.7    5.01 13 üFluoride by PC Titrator EK040P

ALS QCS3 requirement   5.0    5.01 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G

ALS QCS3 requirement   7.7    5.01 13 üTotal Mercury by FIMS EG035T

ALS QCS3 requirement   5.0    5.01 20 üTotal Metals by ICP-MS - Suite A EG020A-T
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Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 

Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.

Analytical Methods Method DescriptionsMatrixMethod

APHA 21st ed. 4500 H+  B.  pH of water samples is determined by ISE either manually or by automated pH 

meter. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

pH EA005 WATER

APHA 21st ed., 2510 B This procedure determines conductivity by automated ISE. This method is compliant with 

NEPM (1999) Schedule B(3) (Appdx. 2)

Conductivity by PC Titrator EA010-P WATER

In-House - Calculation from Electrical Conductivity (APHA 21st ed., 2510 B) using a conversion factor specified in 

the analytical report. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

Calculated TDS (from Electrical 

Conductivity)

EA016 WATER

APHA 21st ed., 2130 B. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)Turbidity EA045 WATER

APHA 21st ed., 2320 B This procedure determines alkalinity by automated measurement (e.g. PC Titrate) using 

pH 4.5 for indicating the total alkalinity end-point. This method is compliant with NEPM (1999) Schedule B(3) 

(Appdx. 2)

Alkalinity by PC Titrator ED037-P WATER

APHA 21st ed., 2310 B  Acidity is determined by titration with a standardised alkali to an end-point pH of 8.3.  This 

method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

Acidity as Calcium Carbonate ED038 WATER

APHA 21st ed., 4500-SO4  Dissolved sulfate is determined in a 0.45um filtered sample.  Sulfate ions are 

converted to a barium sulfate suspension in an acetic acid medium with barium chloride. Light absorbance of 

the BaSO4 suspension is measured by a photometer and the SO4-2 concentration is determined by comparison 

of the reading with a standard curve. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

Sulfate (Turbidimetric) as SO4 2- by 

Discrete Analyser

ED041G WATER

APHA 21st ed., 4500 Cl - G.The thiocyanate ion is liberated from mercuric thiocyanate through sequestration of 

mercury by the chloride ion to form non-ionised mercuric chloride.in the presence of ferric ions the librated 

thiocynate forms highly-coloured ferric thiocynate which is measured at 480 nm APHA 21st edition seal method 2 

017-1-L april 2003

Chloride by Discrete Analyser ED045G WATER

Major Cations is determined based on APHA 21st ed., 3120; USEPA SW 846 - 6010 The ICPAES technique 

ionises the 0.45um filtered sample atoms emitting a characteristic spectrum. This spectrum is then compared 

against matrix matched standards for quantification.  This method is compliant with NEPM (1999) Schedule B(3) 

(Appdx. 2)

Sodium Adsorption Ratio is calculated from Ca, Mg and Na which determined by ALS in house method 

QWI-EN/ED093F. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

Hardness parameters are calculated based on APHA 21st ed., 2340 B. This method is compliant with NEPM 

(1999) Schedule B(3) (Appdx. 2)

Major Cations - Dissolved ED093F WATER

(APHA 21st ed., 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020): Samples are 0.45 um filtered prior to 

analysis.  The ICPMS technique utilizes a highly efficient argon plasma to ionize selected elements. Ions are 

then passed into a high vacuum mass spectrometer, which separates the analytes based on their distinct mass 

to charge ratios prior to their measurement by a discrete dynode ion detector.

Dissolved Metals by ICP-MS - Suite A EG020A-F WATER
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Analytical Methods Method DescriptionsMatrixMethod

(APHA 21st ed., 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020): The ICPMS technique utilizes a highly 

efficient argon plasma to ionize selected elements. Ions are then passed into a high vacuum mass 

spectrometer, which separates the analytes based on their distinct mass to charge ratios prior to their 

measurement by a discrete dynode ion detector.

Total Metals by ICP-MS - Suite A EG020A-T WATER

AS 3550, APHA 21st ed. 3112 Hg - B (Flow-injection (SnCl2)(Cold Vapour generation) AAS)  Samples are 0.45 

um filtered prior to analysis.  FIM-AAS is an automated flameless atomic absorption technique. A 

bromate/bromide reagent is used to oxidise any organic mercury compounds in the filtered sample.  The ionic 

mercury is reduced online to atomic mercury vapour by SnCl2 which is then purged into a heated quartz cell.  

Quantification is by comparing absorbance against a calibration curve.  This method is compliant with NEPM 

(1999) Schedule B(3) (Appdx. 2)

Dissolved Mercury by FIMS EG035F WATER

AS 3550,  APHA 21st ed. 3112 Hg - B (Flow-injection (SnCl2)(Cold Vapour generation) AAS)  FIM-AAS is an 

automated flameless atomic absorption technique. A bromate/bromide reagent is used to oxidise any organic 

mercury compounds in the unfiltered sample.  The ionic mercury is reduced online to atomic mercury vapour by 

SnCl2 which is then purged into a heated quartz cell.  Quantification is by comparing absorbance against a 

calibration curve. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

Total Mercury by FIMS EG035T WATER

APHA 21st ed., 4500 F--C CDTA is added to the sample to provide a uniform ionic strength background, adjust 

pH, and break up complexes.  Fluoride concentration is determined by either manual or automatic ISE 

measurement. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

Fluoride by PC Titrator EK040P WATER

APHA 21st Ed. 1030F. The Ionic Balance is calculated based on the major Anions and Cations.  The major 

anions include Alkalinity, Chloride and Sulfate which determined by PCT and DA.  The Cations are determined by 

Turbi SO4 by DA. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

Ionic Balance by PCT DA and Turbi SO4 

DA

EN055 - PG WATER

Preparation Methods Method DescriptionsMatrixMethod

USEPA SW846-3005 Method 3005 is a Nitric/Hydrochloric acid digestion procedure used to prepare surface and 

ground water samples for analysis by ICPAES or ICPMS.  This method is compliant with NEPM (1999) Schedule 

B(3) (Appdx. 2)

Digestion for Total Recoverable Metals EN25 WATER
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Summary of Outliers

Outliers : Quality Control Samples

The following report highlights outliers flagged in the Quality Control (QC) Report. Surrogate recovery limits are static and based on USEPA SW846 or ALS-QWI/EN/38 (in the absence of specific USEPA limits). This 

report displays QC Outliers (breaches) only.

Duplicates, Method Blanks, Laboratory Control Samples and Matrix Spikes

Matrix: WATER

Compound Group Name CommentLimitsDataAnalyteClient Sample IDLaboratory Sample ID CAS Number

Matrix Spike (MS) Recoveries 

EM1304156-002 14808-79-8Sulfate as SO4 - 

Turbidimetric

Anonymous MS recovery not determined, 

background level greater than or 

equal to  4x spike level.

----Not 

Determined

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

EM1304156-002 16887-00-6ChlorideAnonymous MS recovery not determined, 

background level greater than or 

equal to  4x spike level.

----Not 

Determined

ED045G: Chloride Discrete analyser

l For all matrices, no Method Blank value outliers occur.

l For all matrices, no Duplicate outliers occur.

l For all matrices, no Laboratory Control outliers occur.

Regular Sample Surrogates

l For all regular sample matrices, no surrogate recovery outliers occur.

Outliers : Analysis Holding Time Compliance

This report displays Holding Time breaches only. Only the respective Extraction / Preparation and/or Analysis component is/are displayed.

Matrix: WATER

AnalysisExtraction / Preparation

Date analysedDate extractedContainer / Client Sample ID(s) Days 

overdue

Days 

overdue

Due for extraction Due for analysis

Method

EA005: pH

Clear Plastic Bottle - Natural

16-APR-2013----DR01, RB03,

RB04, SCM13,

DR16, DR17

24-APR-2013---- ---- 8

Clear Plastic Bottle - Natural

17-APR-2013----AMC9, CC10,

AM18, RL19

24-APR-2013---- ---- 7

EA045: Turbidity

Clear Plastic Bottle - Natural

18-APR-2013----DR01, RB03,

RB04, SCM13,

DR16, DR17

24-APR-2013---- ---- 6
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Matrix: WATER

AnalysisExtraction / Preparation

Date analysedDate extractedContainer / Client Sample ID(s) Days 

overdue

Days 

overdue

Due for extraction Due for analysis

Method

EA045: Turbidity - Analysis Holding Time Compliance

Clear Plastic Bottle - Natural

19-APR-2013----AMC9, CC10,

AM18, RL19

24-APR-2013---- ---- 5

Outliers : Frequency of Quality Control Samples

The following report highlights breaches in the Frequency of Quality Control Samples.

l No Quality Control Sample Frequency Outliers exist.
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CERTIFICATE OF ANALYSIS
Work Order : EM1304160 Page : 1 of 6

:Amendment 1
:: LaboratoryClient Environmental Division MelbournePITT & SHERRY

: :ContactContact MR JIM LOCKLEY Shirley LeCornu

:: AddressAddress PO BOX 94

199 MACQUARIE ST

HOBART TAS, AUSTRALIA 7001

4 Westall Rd Springvale VIC Australia 3171

:: E-mailE-mail jlockley@pittsh.com.au shirley.lecornu@alsenviro.com

:: TelephoneTelephone +61 62231800 +61-3-8549 9630

:: FacsimileFacsimile +61 03 62231299 +61-3-8549 9601

:Project Dundas Mining Field HB13108 QC Level : NEPM 1999  Schedule B(3) and ALS QCS3 requirement

:Order number HBH5118

:C-O-C number ---- Date Samples Received : 23-APR-2013

Sampler : JL Issue Date : 03-JUN-2013

Site : ----

10:No. of samples received

Quote number : MEBQ/119/12 10:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. All pages of this report have been checked and approved for 

release. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Environmental Division Melbourne ABN 84 009 936 029 Part of the ALS Group    An ALS Limited Company

Address 4 Westall Rd Springvale VIC Australia 3171 | PHONE  +61-3-8549 9600 | Facsimile   +61-3-8549 9601
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General Comments

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

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

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

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

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

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

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

LOR = Limit of reporting

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

Key :

(03/06/2013) It is recognised that total metals is less than dissolved metals for samples EM1304160. However, the difference is within experimental variation of the methods.l

EA016: Calculated TDS is determined from Electrical conductivity using a conversion factor of 0.65.l

ED041G : EM1304160-006 for Sulphate has ben confirmed by re-analysis.l

Ionic Balance out of acceptable limits for EM1304160 #3 due to analytes not quantified in this report.l

Ionic Balance out of acceptable limits for sample  #6 as sample matrix is not deemed as potable or naturally occurring water and therefore ionic balance is not applicablel

Ionic balances were calculated using: major anions - chloride, alkalinity and sulfate; and major cations - calcium, magnesium, potassium and sodium.l

This report has been amended and re-released to allow the reporting of additional analytical data.l

This document has been electronically signed by the authorized signatories indicated below. Electronic signing has been carried out in 

compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Dilani Fernando Senior Inorganic Chemist Melbourne Inorganics

Melbourne Inorganics

Eric Chau Metals Team Leader Melbourne Inorganics

Melbourne Inorganics

Nikki Stepniewski Senior Inorganic Instrument Chemist Melbourne Inorganics

Melbourne Inorganics

Varsha Ho Wing Non-Metals Team Leader Melbourne Inorganics

Melbourne Inorganics

NATA Accredited Laboratory 825

 

Accredited for compliance with 

ISO/IEC 17025.

Signatories



3 of 6:Page

Work Order :

:Client

EM1304160 Amendment 1

PITT & SHERRY

Dundas Mining Field HB13108:Project

Analytical Results

CC10AMC9RB04RB03DR01Client sample IDSub-Matrix: WATER (Matrix: WATER)

17-APR-2013 14:0017-APR-2013 14:0016-APR-2013 14:0016-APR-2013 14:0016-APR-2013 14:00Client sampling date / time

EM1304160-005EM1304160-004EM1304160-003EM1304160-002EM1304160-001UnitLORCAS NumberCompound

EA005: pH

pH Value 7.868.24 7.90 7.43 7.64pH Unit0.01----

EA006: Sodium Adsorption Ratio (SAR)

Sodium Adsorption Ratio 0.441.04 0.78 0.84 0.78-0.01----

EA010P: Conductivity by PC Titrator

Electrical Conductivity @ 25°C 25394 124 125 90µS/cm1----

EA016: Non Marine - Estimated TDS Salinity

Total Dissolved Solids (Calc.) 16461 81 81 58mg/L10----

EA045: Turbidity

Turbidity <0.11.8 1.9 <0.1 0.9NTU0.1----

EA065: Total Hardness as CaCO3

Total Hardness as CaCO3 10017 31 26 20mg/L1----

ED037P: Alkalinity by PC Titrator

Hydroxide Alkalinity as CaCO3 <1<1 <1 <1 <1mg/L1DMO-210-001

Carbonate Alkalinity as CaCO3 <1<1 <1 <1 <1mg/L13812-32-6

Bicarbonate Alkalinity as CaCO3 4312 27 11 15mg/L171-52-3

Total Alkalinity as CaCO3 4312 27 11 15mg/L1----

ED038A: Acidity

Acidity as CaCO3 63 3 4 2mg/L1----

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

Sulfate as SO4 - Turbidimetric 587 6 16 5mg/L114808-79-8

ED045G: Chloride Discrete analyser

Chloride 1616 18 18 14mg/L116887-00-6

ED093F: Dissolved Major Cations

Calcium 72 1 4 3mg/L17440-70-2

Magnesium 203 7 4 3mg/L17439-95-4

Sodium 1010 10 10 8mg/L17440-23-5

Potassium <1<1 <1 <1 <1mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

Aluminium ----0.07 ---- 0.05 0.02mg/L0.017429-90-5

Arsenic ----<0.001 ---- <0.001 <0.001mg/L0.0017440-38-2

Cadmium ----0.0004 ---- 0.0028 <0.0001mg/L0.00017440-43-9

Chromium ----0.002 ---- 0.003 <0.001mg/L0.0017440-47-3

Copper ----0.002 ---- 0.002 0.002mg/L0.0017440-50-8
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Analytical Results

CC10AMC9RB04RB03DR01Client sample IDSub-Matrix: WATER (Matrix: WATER)

17-APR-2013 14:0017-APR-2013 14:0016-APR-2013 14:0016-APR-2013 14:0016-APR-2013 14:00Client sampling date / time

EM1304160-005EM1304160-004EM1304160-003EM1304160-002EM1304160-001UnitLORCAS NumberCompound

EG020F: Dissolved Metals by ICP-MS - Continued

Nickel ----0.006 ---- 0.013 0.003mg/L0.0017440-02-0

Lead ----0.004 ---- 0.008 0.003mg/L0.0017439-92-1

Zinc ----0.134 ---- 1.01 0.015mg/L0.0057440-66-6

Manganese ----0.153 ---- 0.938 0.127mg/L0.0017439-96-5

Iron ----0.27 ---- 0.20 0.15mg/L0.057439-89-6

EG020T: Total Metals by ICP-MS

Aluminium <0.010.12 0.12 0.11 0.04mg/L0.017429-90-5

Arsenic <0.001<0.001 <0.001 <0.001 <0.001mg/L0.0017440-38-2

Cadmium 0.00090.0004 0.0002 0.0030 <0.0001mg/L0.00017440-43-9

Chromium <0.0010.002 0.003 0.004 <0.001mg/L0.0017440-47-3

Copper <0.0010.004 0.002 0.003 0.002mg/L0.0017440-50-8

Nickel 0.0620.007 0.035 0.015 0.004mg/L0.0017440-02-0

Lead <0.0010.006 0.006 0.025 0.024mg/L0.0017439-92-1

Zinc 0.1940.133 0.024 1.03 0.020mg/L0.0057440-66-6

Manganese 0.0320.152 0.271 0.983 0.142mg/L0.0017439-96-5

Iron <0.050.35 0.60 0.32 0.26mg/L0.057439-89-6

EG035F: Dissolved Mercury by FIMS

Mercury ----<0.0001 ---- <0.0001 <0.0001mg/L0.00017439-97-6

EG035T:  Total Recoverable Mercury by FIMS

Mercury <0.0001<0.0001 <0.0001 <0.0001 <0.0001mg/L0.00017439-97-6

EK040P: Fluoride by PC Titrator

Fluoride <0.1<0.1 <0.1 <0.1 <0.1mg/L0.116984-48-8

EN055: Ionic Balance

Total Anions 2.520.84 1.17 1.06 0.80meq/L0.01----

Total Cations 2.430.78 1.06 0.96 0.74meq/L0.01----

Ionic Balance 1.793.43 5.01 4.79 3.52%0.01----
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Analytical Results

RL19AM18DR17DR16SCM13Client sample IDSub-Matrix: WATER (Matrix: WATER)

17-APR-2013 14:0017-APR-2013 14:0016-APR-2013 14:0016-APR-2013 14:0016-APR-2013 14:00Client sampling date / time

EM1304160-010EM1304160-009EM1304160-008EM1304160-007EM1304160-006UnitLORCAS NumberCompound

EA005: pH

pH Value 7.013.63 6.63 6.81 6.35pH Unit0.01----

EA006: Sodium Adsorption Ratio (SAR)

Sodium Adsorption Ratio 0.940.19 0.88 0.61 0.80-0.01----

EA010P: Conductivity by PC Titrator

Electrical Conductivity @ 25°C 1031830 114 135 119µS/cm1----

EA016: Non Marine - Estimated TDS Salinity

Total Dissolved Solids (Calc.) 671190 74 88 77mg/L10----

EA045: Turbidity

Turbidity <0.1113 32.8 <0.1 21300NTU0.1----

EA065: Total Hardness as CaCO3

Total Hardness as CaCO3 21618 20 41 30mg/L1----

ED037P: Alkalinity by PC Titrator

Hydroxide Alkalinity as CaCO3 <1<1 <1 <1 <1mg/L1DMO-210-001

Carbonate Alkalinity as CaCO3 <1<1 <1 <1 <1mg/L13812-32-6

Bicarbonate Alkalinity as CaCO3 16<1 8 37 3mg/L171-52-3

Total Alkalinity as CaCO3 16<1 8 37 3mg/L1----

ED038A: Acidity

Acidity as CaCO3 4218 5 4 28mg/L1----

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

Sulfate as SO4 - Turbidimetric 71180 18 8 22mg/L114808-79-8

ED045G: Chloride Discrete analyser

Chloride 1614 15 14 17mg/L116887-00-6

ED093F: Dissolved Major Cations

Calcium 289 3 5 2mg/L17440-70-2

Magnesium 496 3 7 6mg/L17439-95-4

Sodium 1011 9 9 10mg/L17440-23-5

Potassium <12 <1 <1 <1mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

Aluminium 0.06---- ---- ---- <0.01mg/L0.017429-90-5

Arsenic <0.001---- ---- ---- <0.001mg/L0.0017440-38-2

Cadmium 0.0003---- ---- ---- <0.0001mg/L0.00017440-43-9

Chromium <0.001---- ---- ---- 0.104mg/L0.0017440-47-3

Copper 0.002---- ---- ---- <0.001mg/L0.0017440-50-8
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Analytical Results

RL19AM18DR17DR16SCM13Client sample IDSub-Matrix: WATER (Matrix: WATER)

17-APR-2013 14:0017-APR-2013 14:0016-APR-2013 14:0016-APR-2013 14:0016-APR-2013 14:00Client sampling date / time

EM1304160-010EM1304160-009EM1304160-008EM1304160-007EM1304160-006UnitLORCAS NumberCompound

EG020F: Dissolved Metals by ICP-MS - Continued

Nickel 0.009---- ---- ---- 0.017mg/L0.0017440-02-0

Lead 0.005---- ---- ---- <0.001mg/L0.0017439-92-1

Zinc 0.100---- ---- ---- 0.009mg/L0.0057440-66-6

Manganese 0.140---- ---- ---- 0.042mg/L0.0017439-96-5

Iron 0.29---- ---- ---- <0.05mg/L0.057439-89-6

EG020T: Total Metals by ICP-MS

Aluminium 0.100.48 0.22 0.02 5.62mg/L0.017429-90-5

Arsenic <0.0010.003 0.002 0.002 0.005mg/L0.0017440-38-2

Cadmium 0.00060.327 0.0094 0.0013 0.0046mg/L0.00017440-43-9

Chromium <0.0010.001 0.003 0.006 0.950mg/L0.0017440-47-3

Copper 0.0080.029 0.004 0.002 0.127mg/L0.0017440-50-8

Nickel 0.0110.361 0.007 0.052 0.427mg/L0.0017440-02-0

Lead 0.0071.27 0.297 0.019 57.4mg/L0.0017439-92-1

Zinc 0.174111 2.61 0.209 1.05mg/L0.0057440-66-6

Manganese 0.205<0.001 2.39 0.169 15.4mg/L0.0017439-96-5

Iron 0.4219.7 2.69 0.14 22.2mg/L0.057439-89-6

EG035F: Dissolved Mercury by FIMS

Mercury <0.0001---- ---- ---- <0.0001mg/L0.00017439-97-6

EG035T:  Total Recoverable Mercury by FIMS

Mercury <0.0001<0.0001 <0.0001 <0.0001 <0.0001mg/L0.00017439-97-6

EK040P: Fluoride by PC Titrator

Fluoride <0.1<0.1 <0.1 <0.1 <0.1mg/L0.116984-48-8

EN055: Ionic Balance

Total Anions 0.9227.7 0.96 1.30 1.00meq/L0.01----

Total Cations 0.8612.9 0.79 1.22 1.03meq/L0.01----

Ionic Balance 2.98---- ---- 3.34 1.52%0.01----
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QUALITY CONTROL REPORT
Work Order : EM1304160 Page : 1 of 9

:Amendment 1

:: LaboratoryClient Environmental Division MelbournePITT & SHERRY

: :ContactContact MR JIM LOCKLEY Shirley LeCornu

:: AddressAddress PO BOX 94

199 MACQUARIE ST

HOBART TAS, AUSTRALIA 7001

4 Westall Rd Springvale VIC Australia 3171

:: E-mailE-mail jlockley@pittsh.com.au shirley.lecornu@alsenviro.com

:: TelephoneTelephone +61 62231800 +61-3-8549 9630

:: FacsimileFacsimile +61 03 62231299 +61-3-8549 9601

:Project Dundas Mining Field HB13108 QC Level : NEPM 1999  Schedule B(3) and ALS QCS3 requirement

Site : ----

:C-O-C number ---- Date Samples Received : 23-APR-2013

Sampler : JL Issue Date : 03-JUN-2013

:Order number HBH5118

10:No. of samples received

Quote number : MEBQ/119/12 10:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. All pages of this report have been checked and approved for 

release. 

This Quality Control Report contains the following information:

l Laboratory Duplicate (DUP) Report; Relative Percentage Difference (RPD) and Acceptance Limits

l Method Blank (MB) and Laboratory Control Spike (LCS) Report ; Recovery and Acceptance Limits

l Matrix Spike (MS) Report; Recovery and Acceptance Limits

Address 4 Westall Rd Springvale VIC Australia 3171 | PHONE  +61-3-8549 9600 | Facsimile   +61-3-8549 9601

Environmental Division Melbourne ABN 84 009 936 029 Part of the ALS Group    An ALS Limited Company
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General Comments

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

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

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

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

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

Anonymous = Refers to samples which are not specifically part of this work order but formed part of the QC process lot

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

LOR = Limit of reporting 

RPD = Relative Percentage Difference

#  = Indicates failed QC

Key :

This document has been electronically signed by the authorized signatories indicated below. Electronic signing has been carried out in compliance with 

procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Dilani Fernando Senior Inorganic Chemist Melbourne Inorganics

Melbourne Inorganics

Eric Chau Metals Team Leader Melbourne Inorganics

Melbourne Inorganics

Nikki Stepniewski Senior Inorganic Instrument 

Chemist

Melbourne Inorganics

Melbourne Inorganics

Varsha Ho Wing Non-Metals Team Leader Melbourne Inorganics

Melbourne Inorganics

SignatoriesNATA Accredited 

Laboratory 825

 

Accredited for 

compliance with 

ISO/IEC 17025.
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Laboratory Duplicate (DUP) Report

The quality control term Laboratory Duplicate refers to a randomly selected intralaboratory split. Laboratory duplicates provide information regarding method precision and sample heterogeneity. The permitted ranges 

for the Relative Percent Deviation (RPD) of Laboratory Duplicates are specified in ALS Method QWI -EN/38 and are dependent on the magnitude of results in comparison to the level of reporting: Result < 10 times LOR:- 

No Limit; Result between 10 and 20 times LOR:- 0% - 50%; Result > 20 times LOR:- 0% - 20%.

Sub-Matrix: WATER Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

EA005: pH  (QC Lot: 2837086)

EA005: pH Value ---- 0.01 pH Unit 7.16 7.15 0.1 0% - 20%AnonymousEM1304140-001

EA005: pH Value ---- 0.01 pH Unit 7.90 7.91 0.1 0% - 20%RB04EM1304160-003

EA010P: Conductivity by PC Titrator  (QC Lot: 2839224)

EA010-P: Electrical Conductivity @ 25°C ---- 1 µS/cm 94 96 2.4 0% - 20%DR01EM1304160-001

EA010-P: Electrical Conductivity @ 25°C ---- 1 µS/cm 119 119 0.0 0% - 20%RL19EM1304160-010

EA045: Turbidity  (QC Lot: 2836782)

EA045: Turbidity ---- 0.1 NTU 1.8 1.7 0.0 0% - 50%DR01EM1304160-001

EA045: Turbidity ---- 0.1 NTU 21300 24400 13.8 0% - 20%RL19EM1304160-010

ED037P: Alkalinity by PC Titrator  (QC Lot: 2839222)

ED037-P: Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 0.0 No LimitAnonymousEM1303949-005

ED037-P: Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L <1 <1 0.0 No Limit

ED037-P: Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 1060 1060 0.2 0% - 20%

ED037-P: Total Alkalinity as CaCO3 ---- 1 mg/L 1060 1060 0.2 0% - 20%

ED037-P: Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 0.0 No LimitAnonymousEM1304107-008

ED037-P: Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L <1 <1 0.0 No Limit

ED037-P: Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 112 113 0.0 0% - 20%

ED037-P: Total Alkalinity as CaCO3 ---- 1 mg/L 112 113 0.0 0% - 20%

ED037P: Alkalinity by PC Titrator  (QC Lot: 2839225)

ED037-P: Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 0.0 No LimitDR17EM1304160-008

ED037-P: Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L <1 <1 0.0 No Limit

ED037-P: Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 8 8 0.0 No Limit

ED037-P: Total Alkalinity as CaCO3 ---- 1 mg/L 8 8 0.0 No Limit

ED037-P: Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 0.0 No LimitAnonymousEM1304190-001

ED037-P: Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L <1 <1 0.0 No Limit

ED037-P: Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 1180 1170 1.0 0% - 20%

ED037-P: Total Alkalinity as CaCO3 ---- 1 mg/L 1180 1170 1.0 0% - 20%

ED038A: Acidity  (QC Lot: 2844523)

ED038: Acidity as CaCO3 ---- 1 mg/L 162 171 5.4 0% - 20%AnonymousEM1303955-001

ED038: Acidity as CaCO3 ---- 1 mg/L 6 7 16.1 No LimitRB03EM1304160-002

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA  (QC Lot: 2836520)

ED041G: Sulfate as SO4 - Turbidimetric 14808-79-8 1 mg/L 1760 1840 4.3 0% - 20%AnonymousEM1304156-001

ED041G: Sulfate as SO4 - Turbidimetric 14808-79-8 1 mg/L 6 6 0.0 0% - 20%RB04EM1304160-003

ED045G: Chloride Discrete analyser  (QC Lot: 2836519)

ED045G: Chloride 16887-00-6 1 mg/L 11600 11400 1.5 0% - 20%AnonymousEM1304156-001

ED045G: Chloride 16887-00-6 1 mg/L 18 18 0.0 0% - 20%RB04EM1304160-003
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Sub-Matrix: WATER Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

ED093F: Dissolved Major Cations  (QC Lot: 2836518)

ED093F: Calcium 7440-70-2 1 mg/L 222 226 1.9 0% - 20%AnonymousEM1304156-001

ED093F: Magnesium 7439-95-4 1 mg/L 726 725 0.0 0% - 20%

ED093F: Sodium 7440-23-5 1 mg/L 5850 5750 1.8 0% - 20%

ED093F: Potassium 7440-09-7 1 mg/L 136 133 2.0 0% - 20%

ED093F: Calcium 7440-70-2 1 mg/L 1 1 0.0 0% - 20%RB04EM1304160-003

ED093F: Magnesium 7439-95-4 1 mg/L 7 7 0.0 0% - 20%

ED093F: Sodium 7440-23-5 1 mg/L 10 10 0.0 0% - 20%

ED093F: Potassium 7440-09-7 1 mg/L <1 <1 0.0 No Limit

EG020F: Dissolved Metals by ICP-MS  (QC Lot: 2839421)

EG020A-F: Cadmium 7440-43-9 0.0001 mg/L <0.0001 <0.0001 0.0 No LimitAnonymousEM1303964-002

EG020A-F: Arsenic 7440-38-2 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-F: Chromium 7440-47-3 0.001 mg/L 0.002 0.001 0.0 No Limit

EG020A-F: Copper 7440-50-8 0.001 mg/L 0.007 0.007 0.0 No Limit

EG020A-F: Lead 7439-92-1 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-F: Manganese 7439-96-5 0.001 mg/L 0.008 0.008 0.0 No Limit

EG020A-F: Nickel 7440-02-0 0.001 mg/L 0.002 0.002 0.0 No Limit

EG020A-F: Zinc 7440-66-6 0.005 mg/L 0.006 0.006 0.0 No Limit

EG020A-F: Aluminium 7429-90-5 0.01 mg/L <0.01 <0.01 0.0 No Limit

EG020A-F: Iron 7439-89-6 0.05 mg/L <0.05 <0.05 0.0 No Limit

EG020A-F: Cadmium 7440-43-9 0.0001 mg/L <0.0001 0.0002 0.0 No LimitAnonymousEM1304143-001

EG020A-F: Arsenic 7440-38-2 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-F: Chromium 7440-47-3 0.001 mg/L 0.003 0.003 0.0 No Limit

EG020A-F: Copper 7440-50-8 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-F: Lead 7439-92-1 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-F: Manganese 7439-96-5 0.001 mg/L 0.010 0.011 0.0 0% - 50%

EG020A-F: Nickel 7440-02-0 0.001 mg/L 0.002 0.002 0.0 No Limit

EG020A-F: Zinc 7440-66-6 0.005 mg/L <0.005 <0.005 0.0 No Limit

EG020A-F: Aluminium 7429-90-5 0.01 mg/L 0.88 0.86 0.0 0% - 20%

EG020A-F: Iron 7439-89-6 0.05 mg/L 0.82 0.86 4.7 0% - 50%

EG020T: Total Metals by ICP-MS  (QC Lot: 2839408)

EG020A-T: Cadmium 7440-43-9 0.0001 mg/L <0.0001 <0.0001 0.0 No LimitAnonymousEM1304087-001

EG020A-T: Arsenic 7440-38-2 0.001 mg/L 0.002 0.005 102 No Limit

EG020A-T: Chromium 7440-47-3 0.001 mg/L 0.027 0.027 0.0 0% - 20%

EG020A-T: Copper 7440-50-8 0.001 mg/L 0.006 0.008 18.2 No Limit

EG020A-T: Lead 7439-92-1 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-T: Manganese 7439-96-5 0.001 mg/L 0.005 0.005 0.0 No Limit

EG020A-T: Nickel 7440-02-0 0.001 mg/L 0.008 0.010 25.2 0% - 50%

EG020A-T: Zinc 7440-66-6 0.005 mg/L 0.465 0.490 5.2 0% - 20%

EG020A-T: Aluminium 7429-90-5 0.01 mg/L 0.16 0.17 0.0 0% - 50%

EG020A-T: Iron 7439-89-6 0.05 mg/L 0.24 0.29 19.6 No Limit
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Sub-Matrix: WATER Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

EG020T: Total Metals by ICP-MS  (QC Lot: 2839408)  - continued

EG020A-T: Cadmium 7440-43-9 0.0001 mg/L <0.0001 <0.0001 0.0 No LimitAnonymousEM1304158-048

EG020A-T: Arsenic 7440-38-2 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-T: Chromium 7440-47-3 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-T: Copper 7440-50-8 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-T: Lead 7439-92-1 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-T: Manganese 7439-96-5 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-T: Nickel 7440-02-0 0.001 mg/L <0.001 <0.001 0.0 No Limit

EG020A-T: Zinc 7440-66-6 0.005 mg/L <0.005 <0.005 0.0 No Limit

EG020A-T: Aluminium 7429-90-5 0.01 mg/L <0.01 <0.01 0.0 No Limit

EG020A-T: Iron 7439-89-6 0.05 mg/L <0.05 <0.05 0.0 No Limit

EG035F: Dissolved Mercury by FIMS  (QC Lot: 2839420)

EG035F: Mercury 7439-97-6 0.0001 mg/L <0.0001 <0.0001 0.0 No LimitAnonymousEM1303964-002

EG035F: Mercury 7439-97-6 0.0001 mg/L <0.0001 <0.0001 0.0 No LimitAnonymousEM1304150-001

EG035T:  Total Recoverable Mercury by FIMS  (QC Lot: 2836439)

EG035T: Mercury 7439-97-6 0.0001 mg/L <0.0001 <0.0001 0.0 No LimitAnonymousEM1304128-015

EG035T: Mercury 7439-97-6 0.0001 mg/L <0.0001 <0.0001 0.0 No LimitDR16EM1304160-007

EK040P: Fluoride by PC Titrator  (QC Lot: 2839223)

EK040P: Fluoride 16984-48-8 0.1 mg/L <0.1 0.2 0.0 No LimitAnonymousEM1304155-001

EK040P: Fluoride 16984-48-8 0.1 mg/L <0.1 <0.1 0.0 No LimitDR17EM1304160-008
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Method Blank (MB) and Laboratory Control Spike (LCS) Report

The quality control term Method / Laboratory Blank refers to an analyte free matrix to which all reagents are added in the same volumes or proportions as used in standard sample preparation. The purpose of this QC 

parameter is to monitor potential laboratory contamination. The quality control term Laboratory Control Sample (LCS) refers to a certified reference material, or a known interference free matrix spiked with target 

analytes. The purpose of this QC parameter is to monitor method precision and accuracy independent of sample matrix. Dynamic Recovery Limits are based on statistical evaluation of processed LCS.

Sub-Matrix: WATER Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EA010P: Conductivity by PC Titrator  (QCLot: 2839224)

EA010-P: Electrical Conductivity @ 25°C ---- 1 µS/cm <1 1001412 µS/cm 10298

EA045: Turbidity  (QCLot: 2836782)

EA045: Turbidity ---- 0.1 NTU <0.1 10240.0 NTU 10692

ED037P: Alkalinity by PC Titrator  (QCLot: 2839222)

ED037-P: Total Alkalinity as CaCO3 ---- 1 mg/L ---- 96.5200 mg/L 12777

ED037P: Alkalinity by PC Titrator  (QCLot: 2839225)

ED037-P: Total Alkalinity as CaCO3 ---- 1 mg/L ---- 97.2200 mg/L 12777

ED038A: Acidity  (QCLot: 2844523)

ED038: Acidity as CaCO3 ---- 1 mg/L ---- 10420 mg/L 11189

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA  (QCLot: 2836520)

ED041G: Sulfate as SO4 - Turbidimetric 14808-79-8 1 mg/L <1 10812.5 mg/L 12581

ED045G: Chloride Discrete analyser  (QCLot: 2836519)

ED045G: Chloride 16887-00-6 1 mg/L <1 1131000 mg/L 11789

ED093F: Dissolved Major Cations  (QCLot: 2836518)

ED093F: Calcium 7440-70-2 1 mg/L <1 1025 mg/L 12983

ED093F: Magnesium 7439-95-4 1 mg/L <1 1035 mg/L 12480

ED093F: Sodium 7440-23-5 1 mg/L <1 10450 mg/L 12577

ED093F: Potassium 7440-09-7 1 mg/L <1 96.950 mg/L 12377

EG020F: Dissolved Metals by ICP-MS  (QCLot: 2839421)

EG020A-F: Aluminium 7429-90-5 0.01 mg/L <0.01 97.40.5 mg/L 11090

EG020A-F: Arsenic 7440-38-2 0.001 mg/L <0.001 1000.1 mg/L 10993

EG020A-F: Cadmium 7440-43-9 0.0001 mg/L <0.0001 94.70.1 mg/L 11185

EG020A-F: Chromium 7440-47-3 0.001 mg/L <0.001 1050.1 mg/L 11286

EG020A-F: Copper 7440-50-8 0.001 mg/L <0.001 94.40.1 mg/L 11086

EG020A-F: Lead 7439-92-1 0.001 mg/L <0.001 98.00.1 mg/L 11288

EG020A-F: Manganese 7439-96-5 0.001 mg/L <0.001 1020.1 mg/L 11086

EG020A-F: Nickel 7440-02-0 0.001 mg/L <0.001 1000.1 mg/L 11286

EG020A-F: Zinc 7440-66-6 0.005 mg/L <0.005 97.60.1 mg/L 11383

EG020A-F: Iron 7439-89-6 0.05 mg/L <0.05 99.80.5 mg/L 11288

EG020T: Total Metals by ICP-MS  (QCLot: 2839408)

EG020A-T: Aluminium 7429-90-5 0.01 mg/L <0.01 1050.5 mg/L 11593

EG020A-T: Arsenic 7440-38-2 0.001 mg/L <0.001 1080.1 mg/L 11494

EG020A-T: Cadmium 7440-43-9 0.0001 mg/L <0.0001 1060.1 mg/L 11290
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Sub-Matrix: WATER Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EG020T: Total Metals by ICP-MS  (QCLot: 2839408)  - continued

EG020A-T: Chromium 7440-47-3 0.001 mg/L <0.001 1020.1 mg/L 11688

EG020A-T: Copper 7440-50-8 0.001 mg/L <0.001 1040.1 mg/L 11389

EG020A-T: Lead 7439-92-1 0.001 mg/L <0.001 1130.1 mg/L 11591

EG020A-T: Manganese 7439-96-5 0.001 mg/L <0.001 1070.1 mg/L 11488

EG020A-T: Nickel 7440-02-0 0.001 mg/L <0.001 1140.1 mg/L 11690

EG020A-T: Zinc 7440-66-6 0.005 mg/L <0.005 1060.1 mg/L 11387

EG020A-T: Iron 7439-89-6 0.05 mg/L <0.05 1050.5 mg/L 11791

EG035F: Dissolved Mercury by FIMS  (QCLot: 2839420)

EG035F: Mercury 7439-97-6 0.0001 mg/L <0.0001 1080.0100 mg/L 12678

EG035T:  Total Recoverable Mercury by FIMS  (QCLot: 2836439)

EG035T: Mercury 7439-97-6 0.0001 mg/L <0.0001 98.80.0100 mg/L 12478

EK040P: Fluoride by PC Titrator  (QCLot: 2839223)

EK040P: Fluoride 16984-48-8 0.1 mg/L <0.1 1015 mg/L 12078

Matrix Spike (MS) Report
The quality control term Matrix Spike (MS) refers to an intralaboratory split sample spiked with a representative set of target analytes. The purpose of this QC parameter is to monitor potential matrix effects on 

analyte recoveries. Static Recovery Limits as per laboratory Data Quality Objectives (DQOs). Ideal recovery ranges stated may be waived in the event of sample matrix interference.

Sub-Matrix: WATER Matrix Spike (MS) Report

SpikeRecovery(%) Recovery Limits (%)Spike 

HighLowMSConcentrationLaboratory sample ID Client sample ID Method: Compound CAS Number

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA  (QCLot: 2836520)

AnonymousEM1304156-002 14808-79-8ED041G: Sulfate as SO4 - Turbidimetric # Not 

Determined

10 mg/L 13070

ED045G: Chloride Discrete analyser  (QCLot: 2836519)

AnonymousEM1304156-002 16887-00-6ED045G: Chloride # Not 

Determined

400 mg/L 13070

EG020F: Dissolved Metals by ICP-MS  (QCLot: 2839421)

AnonymousEM1303964-002 7440-38-2EG020A-F: Arsenic 1100.2 mg/L 13989

7440-43-9EG020A-F: Cadmium 90.00.05 mg/L 13175

7440-47-3EG020A-F: Chromium 95.70.2 mg/L 13070

7440-50-8EG020A-F: Copper 92.50.2 mg/L 12771

7439-92-1EG020A-F: Lead 89.90.2 mg/L 12371

7439-96-5EG020A-F: Manganese 97.10.2 mg/L 13266

7440-02-0EG020A-F: Nickel 93.50.2 mg/L 12973

7440-66-6EG020A-F: Zinc 89.50.2 mg/L 13668

EG020T: Total Metals by ICP-MS  (QCLot: 2839408)

AnonymousEM1304087-001
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Sub-Matrix: WATER Matrix Spike (MS) Report

SpikeRecovery(%) Recovery Limits (%)Spike 

HighLowMSConcentrationLaboratory sample ID Client sample ID Method: Compound CAS Number

EG020T: Total Metals by ICP-MS  (QCLot: 2839408)  - continued

AnonymousEM1304087-001 7440-38-2EG020A-T: Arsenic 1151 mg/L 14672

7440-43-9EG020A-T: Cadmium 1060.25 mg/L 13173

7440-47-3EG020A-T: Chromium 84.31 mg/L 13165

7440-50-8EG020A-T: Copper 97.71 mg/L 12571

7439-92-1EG020A-T: Lead 1111 mg/L 13068

7439-96-5EG020A-T: Manganese 89.81 mg/L 12963

7440-02-0EG020A-T: Nickel 96.11 mg/L 12872

7440-66-6EG020A-T: Zinc 97.11 mg/L 12967

EG035F: Dissolved Mercury by FIMS  (QCLot: 2839420)

AnonymousEM1303964-004 7439-97-6EG035F: Mercury 92.20.0100 mg/L 13070

EG035T:  Total Recoverable Mercury by FIMS  (QCLot: 2836439)

AnonymousEM1304158-045 7439-97-6EG035T: Mercury 92.90.0100 mg/L 12868

EK040P: Fluoride by PC Titrator  (QCLot: 2839223)

AnonymousEM1304155-004 16984-48-8EK040P: Fluoride 98.25.0 mg/L 13070

Matrix Spike (MS) and Matrix Spike Duplicate (MSD) Report

The quality control term Matrix Spike (MS) and Matrix Spike Duplicate (MSD) refers to intralaboratory split samples spiked with a representative set of target analytes. The purpose of these QC parameters are to 

monitor potential matrix effects on analyte recoveries. Static Recovery Limits as per laboratory Data Quality Objectives (DQOs). Ideal recovery ranges stated may be waived in the event of sample matrix interference.

Sub-Matrix: WATER Matrix Spike (MS) and Matrix Spike Duplicate (MSD) Report

RPDs (%)Spike Recovery (%) Recovery Limits (%)Spike 

Control LimitValueHighLowMSDMSConcentrationLaboratory sample ID Client sample ID Method: Compound CAS Number

EG035T:  Total Recoverable Mercury by FIMS  (QCLot: 2836439)

AnonymousEM1304158-045 7439-97-6EG035T: Mercury --------92.90.0100 mg/L 12868 ----

ED045G: Chloride Discrete analyser  (QCLot: 2836519)

AnonymousEM1304156-002 16887-00-6ED045G: Chloride --------# Not 

Determined

400 mg/L 13070 ----

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA  (QCLot: 2836520)

AnonymousEM1304156-002 14808-79-8ED041G: Sulfate as SO4 - Turbidimetric --------# Not 

Determined

10 mg/L 13070 ----

EK040P: Fluoride by PC Titrator  (QCLot: 2839223)

AnonymousEM1304155-004 16984-48-8EK040P: Fluoride --------98.25.0 mg/L 13070 ----

EG020T: Total Metals by ICP-MS  (QCLot: 2839408)

AnonymousEM1304087-001 7440-38-2EG020A-T: Arsenic --------1151 mg/L 14672 ----

7440-43-9EG020A-T: Cadmium --------1060.25 mg/L 13173 ----

7440-47-3EG020A-T: Chromium --------84.31 mg/L 13165 ----

7440-50-8EG020A-T: Copper --------97.71 mg/L 12571 ----
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Sub-Matrix: WATER Matrix Spike (MS) and Matrix Spike Duplicate (MSD) Report

RPDs (%)Spike Recovery (%) Recovery Limits (%)Spike 

Control LimitValueHighLowMSDMSConcentrationLaboratory sample ID Client sample ID Method: Compound CAS Number

EG020T: Total Metals by ICP-MS  (QCLot: 2839408)  - continued

AnonymousEM1304087-001 7439-92-1EG020A-T: Lead --------1111 mg/L 13068 ----

7439-96-5EG020A-T: Manganese --------89.81 mg/L 12963 ----

7440-02-0EG020A-T: Nickel --------96.11 mg/L 12872 ----

7440-66-6EG020A-T: Zinc --------97.11 mg/L 12967 ----

EG035F: Dissolved Mercury by FIMS  (QCLot: 2839420)

AnonymousEM1303964-004 7439-97-6EG035F: Mercury --------92.20.0100 mg/L 13070 ----

EG020F: Dissolved Metals by ICP-MS  (QCLot: 2839421)

AnonymousEM1303964-002 7440-38-2EG020A-F: Arsenic --------1100.2 mg/L 13989 ----

7440-43-9EG020A-F: Cadmium --------90.00.05 mg/L 13175 ----

7440-47-3EG020A-F: Chromium --------95.70.2 mg/L 13070 ----

7440-50-8EG020A-F: Copper --------92.50.2 mg/L 12771 ----

7439-92-1EG020A-F: Lead --------89.90.2 mg/L 12371 ----

7439-96-5EG020A-F: Manganese --------97.10.2 mg/L 13266 ----

7440-02-0EG020A-F: Nickel --------93.50.2 mg/L 12973 ----

7440-66-6EG020A-F: Zinc --------89.50.2 mg/L 13668 ----
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l Quality Control Parameter Frequency Compliance
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Analysis Holding Time Compliance

The following report summarises extraction / preparation and analysis times and compares with recommended holding times. Dates reported represent first date of extraction or analysis and precludes subsequent 

dilutions and reruns. Information is also provided re the sample container (preservative) from which the analysis aliquot was taken. Elapsed period to analysis represents number of days from sampling where no 

extraction / digestion is involved or period from extraction / digestion where this is present. For composite samples, sampling date is assumed to be that of the oldest sample contributing to the composite.  Sample date 

for laboratory produced leachates is assumed as the completion date of the leaching process. Outliers for holding time are based on USEPA SW 846, APHA, AS and NEPM (1999). A listing of breaches is provided in 

the Summary of Outliers.

Holding times for leachate methods (excluding elutriates) vary according to the analytes being determined on the resulting solution. For non -volatile analytes, the holding time compliance assessment compares the 

leach date with the shortest analyte holding time for the equivalent soil method. These soil holding times are: Organics (14 days); Mercury (28 days) & other metals (180 days). A recorded breach therefore does not 

guarantee a breach for all non-volatile parameters.

Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EA005: pH

Clear Plastic Bottle - Natural (EA005)

DR01, RB03,

RB04, SCM13,

DR16, DR17

16-APR-2013---- 24-APR-2013----16-APR-2013 ---- û

Clear Plastic Bottle - Natural (EA005)

AMC9, CC10,

AM18, RL19

17-APR-2013---- 24-APR-2013----17-APR-2013 ---- û

EA010P: Conductivity by PC Titrator

Clear Plastic Bottle - Natural (EA010-P)

DR01, RB03,

RB04, SCM13,

DR16, DR17

14-MAY-201314-MAY-2013 30-APR-2013---16-APR-2013 ---- ü

Clear Plastic Bottle - Natural (EA010-P)

AMC9, CC10,

AM18, RL19

15-MAY-201315-MAY-2013 30-APR-2013---17-APR-2013 ---- ü

EA045: Turbidity

Clear Plastic Bottle - Natural (EA045)

DR01, RB03,

RB04, SCM13,

DR16, DR17

18-APR-2013---- 24-APR-2013----16-APR-2013 ---- û

Clear Plastic Bottle - Natural (EA045)

AMC9, CC10,

AM18, RL19

19-APR-2013---- 24-APR-2013----17-APR-2013 ---- û

ED037P: Alkalinity by PC Titrator

Clear Plastic Bottle - Natural (ED037-P)

DR01, RB03,

RB04, SCM13,

DR16, DR17

30-APR-201330-APR-2013 26-APR-2013---16-APR-2013 ---- ü

Clear Plastic Bottle - Natural (ED037-P)

AMC9, CC10,

AM18, RL19

01-MAY-201301-MAY-2013 26-APR-2013---17-APR-2013 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

ED038A: Acidity

Clear Plastic Bottle - Natural (ED038)

DR01, RB03,

RB04, SCM13,

DR16, DR17

30-APR-2013---- 30-APR-2013----16-APR-2013 ---- ü

Clear Plastic Bottle - Natural (ED038)

AMC9, CC10,

AM18, RL19

01-MAY-2013---- 30-APR-2013----17-APR-2013 ---- ü

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

Clear Plastic Bottle - Natural (ED041G)

DR01, RB03,

RB04, SCM13,

DR16, DR17

14-MAY-201314-MAY-2013 24-APR-2013---16-APR-2013 ---- ü

Clear Plastic Bottle - Natural (ED041G)

AMC9, CC10,

AM18, RL19

15-MAY-201315-MAY-2013 24-APR-2013---17-APR-2013 ---- ü

ED045G: Chloride Discrete analyser

Clear Plastic Bottle - Natural (ED045G)

DR01, RB03,

RB04, SCM13,

DR16, DR17

14-MAY-201314-MAY-2013 24-APR-2013---16-APR-2013 ---- ü

Clear Plastic Bottle - Natural (ED045G)

AMC9, CC10,

AM18, RL19

15-MAY-201315-MAY-2013 24-APR-2013---17-APR-2013 ---- ü

ED093F: Dissolved Major Cations

Clear Plastic Bottle - Natural (ED093F)

DR01, RB03,

RB04, SCM13,

DR16, DR17

23-APR-201323-APR-2013 23-APR-2013---16-APR-2013 ---- ü

Clear Plastic Bottle - Natural (ED093F)

AMC9, CC10,

AM18, RL19

24-APR-201324-APR-2013 23-APR-2013---17-APR-2013 ---- ü

EA006: Sodium Adsorption Ratio (SAR)

Clear Plastic Bottle - Natural (ED093F)

DR01, RB03,

RB04, SCM13,

DR16, DR17

23-APR-201323-APR-2013 23-APR-2013---16-APR-2013 ---- ü

Clear Plastic Bottle - Natural (ED093F)

AMC9, CC10,

AM18, RL19

24-APR-201324-APR-2013 23-APR-2013---17-APR-2013 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EA065: Total Hardness as CaCO3

Clear Plastic Bottle - Natural (ED093F)

DR01, RB03,

RB04, SCM13,

DR16, DR17

23-APR-201323-APR-2013 23-APR-2013---16-APR-2013 ---- ü

Clear Plastic Bottle - Natural (ED093F)

AMC9, CC10,

AM18, RL19

24-APR-201324-APR-2013 23-APR-2013---17-APR-2013 ---- ü

EG020F: Dissolved Metals by ICP-MS

Clear Plastic Bottle - Filtered; Lab-acidified (EG020A-F)

DR01, DR16 13-OCT-201313-OCT-2013 30-APR-2013---16-APR-2013 ---- ü
Clear Plastic Bottle - Filtered; Lab-acidified (EG020A-F)

AMC9, CC10,

RL19

14-OCT-201314-OCT-2013 30-APR-2013---17-APR-2013 ---- ü

EG020T: Total Metals by ICP-MS

Clear Plastic Bottle - Unfiltered; Lab-acidified (EG020A-T)

DR01, RB03,

RB04, SCM13,

DR16, DR17

13-OCT-201313-OCT-2013 26-APR-201326-APR-201316-APR-2013 ü ü

Clear Plastic Bottle - Unfiltered; Lab-acidified (EG020A-T)

AMC9, CC10,

AM18, RL19

14-OCT-201314-OCT-2013 26-APR-201326-APR-201317-APR-2013 ü ü

EG035F: Dissolved Mercury by FIMS

Clear Plastic Bottle - Filtered; Lab-acidified (EG035F)

DR01, DR16 14-MAY-201314-MAY-2013 30-APR-2013---16-APR-2013 ---- ü
Clear Plastic Bottle - Filtered; Lab-acidified (EG035F)

AMC9, CC10,

RL19

15-MAY-201315-MAY-2013 30-APR-2013---17-APR-2013 ---- ü

EG035T:  Total Recoverable Mercury by FIMS

Clear Plastic Bottle - Unfiltered; Lab-acidified (EG035T)

DR01, RB03,

RB04, SCM13,

DR16, DR17

14-MAY-2013---- 24-APR-2013----16-APR-2013 ---- ü

Clear Plastic Bottle - Unfiltered; Lab-acidified (EG035T)

AMC9, CC10,

AM18, RL19

15-MAY-2013---- 24-APR-2013----17-APR-2013 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EK040P: Fluoride by PC Titrator

Clear Plastic Bottle - Natural (EK040P)

DR01, RB03,

RB04, SCM13,

DR16, DR17

14-MAY-201314-MAY-2013 26-APR-2013---16-APR-2013 ---- ü

Clear Plastic Bottle - Natural (EK040P)

AMC9, CC10,

AM18, RL19

15-MAY-201315-MAY-2013 26-APR-2013---17-APR-2013 ---- ü
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Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(where) processed. Actual rate should be greater than or equal to 

the expected rate. A listing of breaches is provided in the Summary of Outliers.

Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 

Quality Control SpecificationQuality Control Sample Type

ExpectedQC Regular Actual

Rate (%)Quality Control Sample Type Count
EvaluationAnalytical Methods Method

Laboratory Duplicates (DUP)

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.5   10.02 19 üAcidity as Calcium Carbonate ED038

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.3   10.04 39 üAlkalinity by PC Titrator ED037-P

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.0   10.02 20 üChloride by Discrete Analyser ED045G

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  20.0   10.02 10 üConductivity by PC Titrator EA010-P

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.5   10.02 19 üDissolved Mercury by FIMS EG035F

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.0   10.02 20 üDissolved Metals by ICP-MS - Suite A EG020A-F

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  15.4   10.02 13 üFluoride by PC Titrator EK040P

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.0   10.02 20 üMajor Cations - Dissolved ED093F

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.0   10.02 20 üpH EA005

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.0   10.02 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  15.4   10.02 13 üTotal Mercury by FIMS EG035T

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.0   10.02 20 üTotal Metals by ICP-MS - Suite A EG020A-T

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  14.3   10.02 14 üTurbidity EA045

Laboratory Control Samples (LCS)

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.3    5.01 19 üAcidity as Calcium Carbonate ED038

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.1    5.02 39 üAlkalinity by PC Titrator ED037-P

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.0   10.02 20 üChloride by Discrete Analyser ED045G

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.0    5.01 10 üConductivity by PC Titrator EA010-P

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.3    5.01 19 üDissolved Mercury by FIMS EG035F

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.0    5.01 20 üDissolved Metals by ICP-MS - Suite A EG020A-F

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   7.7    5.01 13 üFluoride by PC Titrator EK040P

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.0    5.01 20 üMajor Cations - Dissolved ED093F

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.0    5.01 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   7.7    5.01 13 üTotal Mercury by FIMS EG035T

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.0    5.01 20 üTotal Metals by ICP-MS - Suite A EG020A-T

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   7.1    5.01 14 üTurbidity EA045

Method Blanks (MB)

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.0    5.01 20 üChloride by Discrete Analyser ED045G

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.0    5.01 10 üConductivity by PC Titrator EA010-P

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.3    5.01 19 üDissolved Mercury by FIMS EG035F

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.0    5.01 20 üDissolved Metals by ICP-MS - Suite A EG020A-F

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   7.7    5.01 13 üFluoride by PC Titrator EK040P

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.0    5.01 20 üMajor Cations - Dissolved ED093F

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.0    5.01 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   7.7    5.01 13 üTotal Mercury by FIMS EG035T

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   5.0    5.01 20 üTotal Metals by ICP-MS - Suite A EG020A-T
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Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 

Quality Control SpecificationQuality Control Sample Type

ExpectedQC Regular Actual

Rate (%)Quality Control Sample Type Count
EvaluationAnalytical Methods Method

Method Blanks (MB) - Continued

NEPM 1999  Schedule B(3) and ALS QCS3 requirement   7.1    5.01 14 üTurbidity EA045

Matrix Spikes (MS)

ALS QCS3 requirement   5.0    5.01 20 üChloride by Discrete Analyser ED045G

ALS QCS3 requirement   5.3    5.01 19 üDissolved Mercury by FIMS EG035F

ALS QCS3 requirement   5.0    5.01 20 üDissolved Metals by ICP-MS - Suite A EG020A-F

ALS QCS3 requirement   7.7    5.01 13 üFluoride by PC Titrator EK040P

ALS QCS3 requirement   5.0    5.01 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G

ALS QCS3 requirement   7.7    5.01 13 üTotal Mercury by FIMS EG035T

ALS QCS3 requirement   5.0    5.01 20 üTotal Metals by ICP-MS - Suite A EG020A-T
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Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 

Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.

Analytical Methods Method DescriptionsMatrixMethod

APHA 21st ed. 4500 H+  B.  pH of water samples is determined by ISE either manually or by automated pH 

meter. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

pH EA005 WATER

APHA 21st ed., 2510 B This procedure determines conductivity by automated ISE. This method is compliant with 

NEPM (1999) Schedule B(3) (Appdx. 2)

Conductivity by PC Titrator EA010-P WATER

In-House - Calculation from Electrical Conductivity (APHA 21st ed., 2510 B) using a conversion factor specified in 

the analytical report. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

Calculated TDS (from Electrical 

Conductivity)

EA016 WATER

APHA 21st ed., 2130 B. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)Turbidity EA045 WATER

APHA 21st ed., 2320 B This procedure determines alkalinity by automated measurement (e.g. PC Titrate) using 

pH 4.5 for indicating the total alkalinity end-point. This method is compliant with NEPM (1999) Schedule B(3) 

(Appdx. 2)

Alkalinity by PC Titrator ED037-P WATER

APHA 21st ed., 2310 B  Acidity is determined by titration with a standardised alkali to an end-point pH of 8.3.  This 

method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

Acidity as Calcium Carbonate ED038 WATER

APHA 21st ed., 4500-SO4  Dissolved sulfate is determined in a 0.45um filtered sample.  Sulfate ions are 

converted to a barium sulfate suspension in an acetic acid medium with barium chloride. Light absorbance of 

the BaSO4 suspension is measured by a photometer and the SO4-2 concentration is determined by comparison 

of the reading with a standard curve. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

Sulfate (Turbidimetric) as SO4 2- by 

Discrete Analyser

ED041G WATER

APHA 21st ed., 4500 Cl - G.The thiocyanate ion is liberated from mercuric thiocyanate through sequestration of 

mercury by the chloride ion to form non-ionised mercuric chloride.in the presence of ferric ions the librated 

thiocynate forms highly-coloured ferric thiocynate which is measured at 480 nm APHA 21st edition seal method 2 

017-1-L april 2003

Chloride by Discrete Analyser ED045G WATER

Major Cations is determined based on APHA 21st ed., 3120; USEPA SW 846 - 6010 The ICPAES technique 

ionises the 0.45um filtered sample atoms emitting a characteristic spectrum. This spectrum is then compared 

against matrix matched standards for quantification.  This method is compliant with NEPM (1999) Schedule B(3) 

(Appdx. 2)

Sodium Adsorption Ratio is calculated from Ca, Mg and Na which determined by ALS in house method 

QWI-EN/ED093F. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

Hardness parameters are calculated based on APHA 21st ed., 2340 B. This method is compliant with NEPM 

(1999) Schedule B(3) (Appdx. 2)

Major Cations - Dissolved ED093F WATER

(APHA 21st ed., 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020): Samples are 0.45 um filtered prior to 

analysis.  The ICPMS technique utilizes a highly efficient argon plasma to ionize selected elements. Ions are 

then passed into a high vacuum mass spectrometer, which separates the analytes based on their distinct mass 

to charge ratios prior to their measurement by a discrete dynode ion detector.

Dissolved Metals by ICP-MS - Suite A EG020A-F WATER
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Analytical Methods Method DescriptionsMatrixMethod

(APHA 21st ed., 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020): The ICPMS technique utilizes a highly 

efficient argon plasma to ionize selected elements. Ions are then passed into a high vacuum mass 

spectrometer, which separates the analytes based on their distinct mass to charge ratios prior to their 

measurement by a discrete dynode ion detector.

Total Metals by ICP-MS - Suite A EG020A-T WATER

AS 3550, APHA 21st ed. 3112 Hg - B (Flow-injection (SnCl2)(Cold Vapour generation) AAS)  Samples are 0.45 

um filtered prior to analysis.  FIM-AAS is an automated flameless atomic absorption technique. A 

bromate/bromide reagent is used to oxidise any organic mercury compounds in the filtered sample.  The ionic 

mercury is reduced online to atomic mercury vapour by SnCl2 which is then purged into a heated quartz cell.  

Quantification is by comparing absorbance against a calibration curve.  This method is compliant with NEPM 

(1999) Schedule B(3) (Appdx. 2)

Dissolved Mercury by FIMS EG035F WATER

AS 3550,  APHA 21st ed. 3112 Hg - B (Flow-injection (SnCl2)(Cold Vapour generation) AAS)  FIM-AAS is an 

automated flameless atomic absorption technique. A bromate/bromide reagent is used to oxidise any organic 

mercury compounds in the unfiltered sample.  The ionic mercury is reduced online to atomic mercury vapour by 

SnCl2 which is then purged into a heated quartz cell.  Quantification is by comparing absorbance against a 

calibration curve. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

Total Mercury by FIMS EG035T WATER

APHA 21st ed., 4500 F--C CDTA is added to the sample to provide a uniform ionic strength background, adjust 

pH, and break up complexes.  Fluoride concentration is determined by either manual or automatic ISE 

measurement. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

Fluoride by PC Titrator EK040P WATER

APHA 21st Ed. 1030F. The Ionic Balance is calculated based on the major Anions and Cations.  The major 

anions include Alkalinity, Chloride and Sulfate which determined by PCT and DA.  The Cations are determined by 

Turbi SO4 by DA. This method is compliant with NEPM (1999) Schedule B(3) (Appdx. 2)

Ionic Balance by PCT DA and Turbi SO4 

DA

EN055 - PG WATER

Preparation Methods Method DescriptionsMatrixMethod

USEPA SW846-3005 Method 3005 is a Nitric/Hydrochloric acid digestion procedure used to prepare surface and 

ground water samples for analysis by ICPAES or ICPMS.  This method is compliant with NEPM (1999) Schedule 

B(3) (Appdx. 2)

Digestion for Total Recoverable Metals EN25 WATER
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Summary of Outliers

Outliers : Quality Control Samples

The following report highlights outliers flagged in the Quality Control (QC) Report. Surrogate recovery limits are static and based on USEPA SW846 or ALS-QWI/EN/38 (in the absence of specific USEPA limits). This 

report displays QC Outliers (breaches) only.

Duplicates, Method Blanks, Laboratory Control Samples and Matrix Spikes

Matrix: WATER

Compound Group Name CommentLimitsDataAnalyteClient Sample IDLaboratory Sample ID CAS Number

Matrix Spike (MS) Recoveries 

EM1304156-002 14808-79-8Sulfate as SO4 - 

Turbidimetric

Anonymous MS recovery not determined, 

background level greater than or 

equal to  4x spike level.

----Not 

Determined

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

EM1304156-002 16887-00-6ChlorideAnonymous MS recovery not determined, 

background level greater than or 

equal to  4x spike level.

----Not 

Determined

ED045G: Chloride Discrete analyser

l For all matrices, no Method Blank value outliers occur.

l For all matrices, no Duplicate outliers occur.

l For all matrices, no Laboratory Control outliers occur.

Regular Sample Surrogates

l For all regular sample matrices, no surrogate recovery outliers occur.

Outliers : Analysis Holding Time Compliance

This report displays Holding Time breaches only. Only the respective Extraction / Preparation and/or Analysis component is/are displayed.

Matrix: WATER

AnalysisExtraction / Preparation

Date analysedDate extractedContainer / Client Sample ID(s) Days 

overdue

Days 

overdue

Due for extraction Due for analysis

Method

EA005: pH

Clear Plastic Bottle - Natural

16-APR-2013----DR01, RB03,

RB04, SCM13,

DR16, DR17

24-APR-2013---- ---- 8

Clear Plastic Bottle - Natural

17-APR-2013----AMC9, CC10,

AM18, RL19

24-APR-2013---- ---- 7

EA045: Turbidity

Clear Plastic Bottle - Natural

18-APR-2013----DR01, RB03,

RB04, SCM13,

DR16, DR17

24-APR-2013---- ---- 6
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Matrix: WATER

AnalysisExtraction / Preparation

Date analysedDate extractedContainer / Client Sample ID(s) Days 

overdue

Days 

overdue

Due for extraction Due for analysis

Method

EA045: Turbidity - Analysis Holding Time Compliance

Clear Plastic Bottle - Natural

19-APR-2013----AMC9, CC10,

AM18, RL19

24-APR-2013---- ---- 5

Outliers : Frequency of Quality Control Samples

The following report highlights breaches in the Frequency of Quality Control Samples.

l No Quality Control Sample Frequency Outliers exist.
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