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Executive Summary 
 

ES1 Introduction 

Snowy Hydro Limited (Snowy Hydro) proposes to develop Snowy 2.0, a large scale pumped hydro-electric 
storage and generation project which would increase hydro-electric capacity within the existing Snowy 
Mountains Hydro-electric Scheme (Snowy Scheme). This would be achieved by establishing a new 
underground hydro-electric power station that would increase the generation capacity of the Snowy 
Scheme by almost 50%, providing an additional 2,000 megawatts (MW) generating capacity, and 
providing approximately 350 gigawatt hours (GWh) of storage available to the National Electricity Market 
(NEM) at any one time, which is critical to ensuring system security as Australia transitions to a 
decarbonised NEM. Snowy 2.0 will link the existing Tantangara and Talbingo reservoirs within the Snowy 
Scheme through a series of underground tunnels and hydro-electric power station. 

The purpose of the Exploratory Works for Snowy 2.0 is primarily to gain a greater understanding of the 
conditions at the proposed location of the power station, approximately 850 metres (m) below ground 
level. Understanding factors such as rock conditions (such as stress conditions) and ground temperature is 
essential to confirm the suitability of the site for the underground power station. 

ES2 Purpose and objective 

The specific purpose of this Phase 1 desktop assessment is to inform the environmental impact statement 
(EIS) and address the Secretary’s Environment Assessment Requirements (SEARs) by: 

• identifying potential areas and contaminants of concern within the Exploratory Works footprint, 
which comprises the location of all infrastructure and areas where construction activities would 
occur; 

• providing a preliminary qualitative assessment, and desktop review of available data, in relation to 
contamination risk posed during Exploratory Works; and 

• assessing where further investigation should be undertaken or appropriate management 
procedures should be implemented for Exploratory Works.  

ES3 Key findings 

Based on the review of available background information, two areas within the project footprint were 
identified as requiring further consideration to ensure that contamination risks associated with existing or 
potential contamination from Exploratory Works activities remain low. These areas are primarily related 
to an adit of the former copper mine located within the proposed footprint of the eastern rock 
emplacement area.  

A shallow groundwater monitoring program of the colluviums and Ravine Beds will be established to 
characterise the shallow groundwater within the alluvium/colluvium characterise impacts of the former 
mine operations on the groundwater regime and monitor potential impacts from the placement of 
excavated rock material on groundwater.   

 

 



   

 PHASE 1 CONTAMINATION ASSESSMENT E.2  

ES4 Construction impacts 

A Construction Environmental Management Plan (CEMP) would be prepared for the Exploratory Works. 
and include the management measures to minimise contamination risks associated with the project. The 
management plan will outline the storage and handling requirements to ensure that water quality control 
measures are in place prevent materials entering the environment and that no release of impacted water 
will enter the run off diversion systems. The CEMP would also incorporate an unexpected finds protocol 
(UFP) and an asbestos management plan (AMP).  

All contamination investigations will be undertaken by a suitably qualified and experienced person in 
accordance with guidelines made or approved under the Contaminated Land Management Act 1997 
(NSW).  

ES5 Conclusions and recommendations 

Based on the findings of this assessment, there is potential for localised areas of soil, sediment, surface 
water, and groundwater contamination during construction primarily associated with historically 
contaminating land uses.  

The desired outcome of the mitigation and management measures to be implemented during the 
Exploratory Works is to ensure that any contamination risks related to the disturbance and excavation of 
land and the disposal and emplacement of rock or soil are minimised.  
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1 Introduction 

1.1 The project 

Snowy Hydro Limited (Snowy Hydro) proposes to develop Snowy 2.0, a large scale pumped hydro-electric 
storage and generation project which would increase hydro-electric capacity within the existing Snowy 
Mountains Hydro-electric Scheme (Snowy Scheme). This would be achieved by establishing a new 
underground hydro-electric power station that would increase the generation capacity of the Snowy 
Scheme by almost 50%, providing an additional 2,000 megawatts (MW) generating capacity, and 
providing approximately 350,000 megawatt hours (MWh) of storage available to the National Electricity 
Market (NEM) at any one time, which is critical to ensuring system security as Australia transitions to a 
decarbonised NEM. Snowy 2.0 will link the existing Tantangara and Talbingo reservoirs within the Snowy 
Scheme through a series of underground tunnels and hydro-electric power station. 

Snowy 2.0 has been declared to be State significant infrastructure and critical State significant 
infrastructure (CSSI) by the NSW Minister for Planning under the provisions of the NSW Environmental 
Planning and Assessment Act 1979 (EP&A Act) and is defined in Clause 9 of Schedule 5 of the State 
Environmental Planning Policy (State and Regional Development) 2011 (SRD SEPP). Separate applications 
and environmental impact statements (EIS) for different phases of Snowy 2.0 are being submitted under 
Part 5, Division 5.2 of the EP&A Act. This technical assessment has been prepared to support an EIS for 
Exploratory Works to undertake investigative works to gather important technical and environmental 
information for the main Snowy 2.0 project. The main project will be subject of a separate application and 
EIS next year.  

The purpose of Exploratory Works for Snowy 2.0 is primarily to gain a greater understanding of the 
conditions at the proposed location of the power station, approximately 850 metres (m) below ground 
level. Understanding factors such as rock conditions (such as stress conditions) and ground temperature is 
essential to inform decisions about the precise location of the power station cavern and confirm the 
cavern construction methods. 

Exploratory Works comprises: 

• an exploratory tunnel to the site of the underground power station for Snowy 2.0; 

• horizontal and other test drilling, investigations and analysis in situ at the proposed cavern location 
and associated areas, and around the portal construction pad, access roads and excavated rock 
management areas all within the disturbance footprint; 

• a portal construction pad for the exploratory tunnel;  

• an accommodation camp for the Exploratory Works construction workforce; 

• road works and upgrades providing access and haulage routes during Exploratory Works;  

• barge access infrastructure, to enable access and transport by barge on Talbingo reservoir;  

• excavated rock management, including subaqueous placement within Talbingo Reservoir; 

• services infrastructure such as diesel-generated power, water and communications; and 

• post-construction revegetation and rehabilitation, management and monitoring. 
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1.2 Purpose of this report 

This Phase 1 desktop contamination assessment supports the EIS for Exploratory Works. It documents the 
preliminary contamination assessment methods and outlines the appropriate mitigation measures put in 
place to manage the contamination as part of the construction of the Exploratory Works. This assessment 
also identifies the additional assessments that will be required to ensure the land within the proposed 
works area is suitable for Exploratory Works intended use.   

The specific objectives of this assessment are to: 

• describe the current site condition and surrounding environment; 

• provide a summary of the site history; 

• identify past and present potentially contaminating activities and potential contaminant types 
within the study area; 

• assess the potential for contamination to pose a risk to the beneficial uses of land or water 
protected under State Environment Protection Policies (SEPP) 55; 

• assess the potential for contamination from the Exploratory Works; and 

• identify appropriate levels of further assessment, as required.  

1.3 Location  

Snowy 2.0 and Exploratory Works are within the Australian Alps, in southern NSW. The regional location 
of Exploratory Works is shown on Figure 1.1. Snowy 2.0 is within both the Snowy Valleys and Snowy 
Monaro Regional local government areas (LGAs), however Exploratory Works is entirely within the Snowy 
Valleys LGA. The majority of Snowy 2.0 and Exploratory Works are within Kosciuszko National Park (KNP). 
The area in which Exploratory Works will be undertaken is referred to herein as the project area, and 
includes all of the surface and subsurface elements further discussed in Section 2.1. 

Exploratory Works is predominantly in the Ravine region of the KNP. This region is between Talbingo 
Reservoir to the north-west and the Snowy Mountains Highway to the east, which connects Adaminaby 
and Cooma in the south-east to Talbingo and Tumut to the north-west of the KNP. Talbingo Reservoir is 
an existing reservoir that forms part of the Snowy Scheme. The reservoir, approximately 50 kilometres 
(km) north-west of Adaminaby and approximately 30 km east-north-east of Tumbarumba, is popular for 
recreational activities such as boating, fishing, water skiing and canoeing.  

The nearest large towns to Exploratory Works are Cooma and Tumut. Cooma is approximately one hour 
and forty five minutes drive (95 km) south-east of Lobs Hole. Tumut is approximately half an hour (45 km) 
north of Talbingo. There are several communities and townships near the project area including Talbingo, 
Tumbarumba, Batlow, Cabramurra and Adaminaby. Talbingo and Cabramurra were built for the original 
Snowy Scheme workers and their families. Adaminaby was relocated to alongside the Snowy Mountains 
Highway from its original location (now known as Old Adaminaby) in 1957 due to the construction of Lake 
Eucumbene. Talbingo and Adaminaby provide a base for users of the Selwyn Snow Resort in winter. 
Cabramurra was modernised and rebuilt in the early 1970s and is owned and operated by Snowy Hydro. It 
is still used to accommodate Snowy Scheme employees and contractors. Properties within Talbingo are 
now predominantly privately owned. Snowy Hydro now only owns 21 properties within the town. 
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Other attractions and places of interest in the vicinity of the project area include Selwyn Snow Resort, the 
Yarrangobilly Caves complex and Kiandra. Kiandra has special significance as the first place in Australia 
where recreational skiing was undertaken and is also an old gold rush town. 

The project area is shown on Figure 1.2 and comprises: 

• Lobs Hole: Lobs Hole will accommodate the excavated rock emplacement areas, an 
accommodation camp as well as associated infrastructure, roads and laydown areas close to the 
portal of the exploratory tunnel and portal construction pad at a site east of the Yarrangobilly 
River; 

• Talbingo Reservoir: installation of barge access infrastructure near the existing Talbingo Spillway, 
at the northern end of the Talbingo Reservoir, and also at Middle Bay, at the southern end of the 
reservoir, near the Lobs Hole facilities, and installation of a submarine cable from the Tumut 3 
power station to Middle Bay, providing communications to the portal construction pad and 
accommodation camp. A program of subaqueous rock placement is also proposed; 

• Mine Trail Road will be upgraded and extended to allow the transport of excavated rock from the 
exploratory tunnel to sites at Lobs Hole that will be used to manage excavated material, as well as 
for the transport of machinery and construction equipment and for the use of general construction 
traffic; and 

• several sections of Lobs Hole Ravine Road will be upgraded in a manner that protects the identified 
environmental constraints present near the current alignment. 

The project is described in more detail in Chapter 2. 

1.4 Proponent 

Snowy Hydro is the proponent for Exploratory Works. Snowy Hydro is an integrated energy business – 
generating energy, providing price risk management products for wholesale customers and delivering 
energy to homes and businesses. Snowy Hydro is the fourth largest energy retailer in the NEM and is 
Australia’s leading provider of peak, renewable energy. 

1.5 Assessment and guidelines and requirements 

This Phase 1 contamination assessment has been prepared in accordance with the Secretary’s 
Environmental Assessment Requirements (SEARs) for Exploratory Works, issued on 17 May 2018, as well 
as relevant governmental assessment requirements, guidelines and policies, and in consultation with the 
relevant government agencies. 

The SEARs must be addressed in the EIS. Table 1.1 lists the matters relevant to this assessment and where 
they are addressed in this report.  
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Table 1.1 Relevant matters raised in SEARs 

Requirement Section addressed 
An assessment of the risk of soil contamination based on: 

• the predicted geochemistry of the excavated rock; 

• any disturbance of land associated with previous mining activities; and 

• naturally occurring asbestos in the vicinity of the site. 

 
6.2.2 1 
6.1 
6.2.3 

Notes: 1. the Excavated Rock Emplacement Area Assessment provides further information as to the management of excavated material, 
including re-use, temporary storage and permanent emplacement within Lobs Hole 

The regulatory framework and guidelines also considered in the completion of this assessment include:  

• The Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act);  

• ANZECC & ARMCANZ (2000) Australian and New Zealand Guidelines for Fresh and Marine Water 
Quality; 

• DEC (2007) Guidelines for the Assessment and Management of Groundwater Contamination; 

• NSW EPA (1995) Sampling Design Guidelines; 

• NEPC (2013) Schedule B(1) Guideline on Investigation Levels for Soil and Groundwater; 

• NEPC (2013) Schedule B(2) Guideline on Site Characterisation; 

• NSW EPA (1997) Contaminated Land Management Act; 

• State Environment Protection Policy 55 (SEPP 55) – Remediation of Land;  

• OEH (2011) Guidelines for Consultants Reporting on Contaminated Sites; 

• NSW EPA (2017) Guidelines for the NSW Site Auditor Scheme 3rd Edition; and 

• NSW EPA (2015) Guidelines on the Duty to Report Contamination under the Contaminated Land 
Management Act 1997. 

1.6 Other relevant reports 

This Phase 1 contamination assessment has been prepared with reference to other technical reports that 
were prepared as part of the Exploratory Works EIS. The other relevant reports referenced in this 
document are listed below.  

• Barge access infrastructure (RHDHV 2018) – Appendix L of the EIS. 

• Excavated rock emplacement areas assessment (SGME 2018) – Appendix K of the EIS. 

• Geodiversity review (EMM 2018) – Appendix I of the EIS. 

• Groundwater assessment (EMM 2018) – Appendix N of the EIS. 

• Historic cultural heritage assessment (NSW Archaeology 2018) – Appendix P of the EIS. 
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• Soils and land assessment (EMM 2018) – Appendix H of the EIS. 

• Surface water assessment (EMM 2018) – Appendix M of the EIS. 
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2 Project description 

2.1 Overview 

Exploratory Works comprises construction associated with geotechnical exploration for the underground 
power station for Snowy 2.0. The Exploratory Works elements are shown on Figure 2.1 and involve: 

• establishment of an exploratory tunnel to the site of the underground power station for Snowy 2.0; 

• horizontal and other test drilling, investigations and analysis in situ at the proposed cavern location 
and associated areas, and around the portal construction pad, access roads and excavated rock 
management areas all within the disturbance footprint; 

• establishment of a portal construction pad for the exploratory tunnel;  

• establishment of an accommodation camp for the Exploratory Works construction workforce; 

• road works and upgrades providing access and haulage routes during Exploratory Works;  

• establishment of barge access infrastructure, to enable access and transport by barge on Talbingo 
reservoir;  

• excavated rock management, including subaqueous placement within Talbingo Reservoir; 

• establishment of services infrastructure such as diesel-generated power, water and 
communications; and 

• post-construction revegetation and rehabilitation, management and monitoring. 

2.2 Exploratory tunnel 

An exploratory tunnel of approximately 3.1 km is proposed to provide early access to the location of the 
largest cavern for the underground power station. This will enable exploratory drilling and help optimise 
the location of the cavern which, in turn, will optimise the design of Snowy 2.0. 

The exploratory tunnel is proposed in the north-east section of Lobs Hole and will extend in an east-west 
direction with the portal construction pad to be outside the western end of the tunnel at a site east of the 
Yarrangobilly River, as shown on Figure 2.2. 

The location of the proposed exploratory tunnel and portal construction pad is shown in Figure 2.2. The 
exploratory tunnel will be excavated by drill and blast methods and have an 8 x 8 m D-Shaped cross 
section, as shown on Figure 2.3. 
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The drill and blast excavation process will be repeated cyclically throughout the tunnelling works, 
involving: 

• marking up and drilling blast holes in a predetermined pattern in the working face of the tunnel; 

• loading the blast holes with explosives, attaching detonators and connecting the holes into a blast 
sequence, and detonating the blast; 

• ventilating the tunnel to remove blast fumes and dust; 

• removing blasted rock; 

• scaling and wash down of the tunnel roof and walls to remove loosened pieces of rock; 

• geological mapping of the exposed rock faces and classification of the conditions to determine 
suitable ground support systems for installation; 

• installing ground support; and 

• advancing construction ventilation ducting and other utilities including power, water, compressed 
air and communications. 

The exploratory tunnel will be shotcrete-lined with permanent anchor support, and incorporate a 
groundwater management system. The exploratory tunnel shape and dimensions are designed to allow 
two-lane traffic for the removal of excavated material, along with additional space for ventilation and 
drainage of groundwater inflows. Groundwater intersected during tunnelling will be contained and 
transferred to the portal for treatment and management. Areas identified during forward probing with 
the potential for high groundwater flows may require management through a detailed grouting program 
or similar. 

The tunnel portal will be established at the western end of the exploratory tunnel and provide access and 
utilities to the exploratory tunnel during construction. The portal will house power, communications, 
ventilation and water infrastructure. The portal will also provide a safe and stable entrance to the 
exploratory tunnel. 

It is anticipated that the exploratory tunnel will be adapted for multiple functions during construction of 
the subsequent stages of the Snowy 2.0 project. The exploratory tunnel will also eventually be utilized to 
form the main access tunnel (MAT) to the underground power station during the operational phase of 
Snowy 2.0, should it proceed.  
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Figure 2.3 Exploratory tunnel indicative cross section 

2.3 Portal construction pad 

A portal construction pad for the exploratory tunnel will provide a secure area for construction activities. 
Infrastructure at the portal construction pad, shown in Figure 2.4, will primarily support tunnelling 
activities and include a concrete batching plant and associated stockpiles, site offices, maintenance 
workshops, construction support infrastructure, car parking, equipment laydown areas. Stockpile areas 
will allow for around two to three months supply of concrete aggregate and sand for the concrete 
batching plant to ensure that the construction schedule for the proposed access road works do not 
interfere with the exploratory tunnel excavation schedule. A temporary excavated rock stockpile area is 
also required to stockpile material excavated during tunnel construction prior to its transfer to the larger 
excavated material emplacement areas. 

The portal construction pad will be at the western end of the exploratory tunnel. The portal construction 
pad will be excavated to provide a level construction area with a near vertical face for the construction of 
the portal and tunnelling. The area required for the portal construction pad is approximately 100,000 m2. 

  



Source: EMM (2018); Snowy Hydro (2018); NearMap (2018); SMEC (2018); Robert Bird (2018); DFSI (2017)
KEY Concep tual layout – p ortalconstruction p ad

Snowy 2.0Contamination AssessmentExp loratory WorksFigure 2.4

50 m from top of bank

"I

"I

PORTAL

SEDIMENT BASIN

SITE OFFICE
CONSUMABLES STORAGE

VEHICLE WASH

CONCRETE BATCHING PLANT

LUBE STORAGE

WORKSHOP

FUEL STORAGE

STOCKPILE AREA

LAYDOWN

EXPLOSIVE MAGAZINE AND BUNDING

TUNNELLING-AFFECTED WATER

GENERATOR SETS, VENTILATION,
AIR COMPRESSORS, PUMPS

WATER STORAGE
COMMUNICATIONS HUT

WALLACES CREEK BRIDGE

830820810800790780770760750740730720710700690680670660650640630

770 760
750

740 730 720 710 700 690
680

670 660 650640630

610
600

690680670
660650640630

620
610

620

610

600

620

590

780

620

590

WALLACES CREEK

YARRANGOBILLY RIVER

TALBINGO ACCESS

LOBS HOLE

LOBS HOLE
RAVINE ROAD

\\E
mm

sv
r1\

em
m\

Jo
bs

\20
17

\J1
71

88
 - S

no
wy

 H
yd

ro 
2.0

\G
IS

\02
_M

ap
s\_

EI
S_

EW
\EI

SE
W0

10
_C

on
str

uc
tio

nC
om

po
un

d_
20

18
06

26
_0

6.m
xd

 11
/07

/20
18

0 2.5 5
km

0 100 200
m

GDA 1994 MGA Zone 55 ´
Access road up grade
Access road extension
Permanent bridge
Portal construction p ad concep tual layout
Exp loratory tunnel
Communications cable

Watercourse
Contour (10m)
Disturbance footp rint
Avoidance footp rint



 

 PHASE 1 CONTAMINATION ASSESSMENT 15  

2.4 Excavated rock management  

It is estimated that approximately 750,000 m3 of bulked materials will be excavated, mostly from the 
exploratory tunnel and portal construction pad with additional quantities from road upgrade works. 
Subject to geochemical testing of the rock material, excavated rock will be placed either on land or 
subaqueously within Talbingo Reservoir.  

2.4.1 On land placement  

Excavated materials will be placed in one of two rock emplacement areas at Lobs Hole as shown on 
Figure 2.5.  

The strategy for excavated rock management is for excavated material to be emplaced at two areas with 
the final placement of excavated material to be determined at a later date.  

Consultation with NPWS throughout the design process has identified an opportunity for the eastern 
emplacement area to form a permanent landform that enables greater recreational use of Lobs Hole 
following the completion of Snowy 2.0’s construction. It is envisaged that the excavated rock 
emplacement area will provide, in the long-term, a relatively flat final landform suitable for camping and 
basic recreational facilities to be confirmed in consultation with NPWS. 

The eastern emplacement area has a capacity of up to 600,000 m3 of material. It will be approximately 
25 m maximum depth and will be benched down to the northern edge of the emplacement which is 
setback 50 m from the Yarrangobilly River.  

The western emplacement area will be used to store excavated material should it not be able to be placed 
within the eastern emplacement area. It is envisaged this emplacement area will be used to store 
excavated materials suitable for re-use within the construction of Exploratory Works or for use by NPWS 
in KNP maintenance activities. All remaining material placed in this emplacement area will be removed 
following the completion of Exploratory Works. 

The guiding principles for the design, construction method and management of emplacement areas 
undertaken for Exploratory Works have been as follows: 

• reducing potential for acid rock drainage from the excavated rock emplacement area entering the 
Yarrangobilly River or forming groundwater recharge; 

• avoid known environmental constraints; and 

• manage existing surface water flows from Lick Hole Gully. 

The design and management of the emplacement areas have not yet been finalised due to the need for 
further investigations to determine the likely geochemical characteristics of the excavated material. 
Following further investigation and prior to construction of Exploratory Works a management plan will be 
prepared and implemented.  
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2.4.2 Subaqueous placement 

An intial program for the placement of excavated rock within Talbingo Reservoir also forms part of 
Exploratory Works. The program will be implemented in an appropriate section of Talbingo Reservoir in 
accordance with a detailed management plan based on an engineering method informed through the 
materials’ geochemistry and reservoir’s characteristics. The purpose of the program is to confirm the 
suitability of the emplacement method for future excavated rock material from the construction of 
Snowy 2.0, should it proceed. 

The rock for subaqueous placement will be taken from the excavated rock emplacement areas as 
described above. Testing of the rock would be conducted during excavation to assess geochemical 
properties. Any rock assessed as unsuitable for subaqueous placement based on the prior geochemical 
and leachability testing would be separately stockpiled and not used in the program. Suitable (ie non-
reactive material) would be transported and loaded to barge, for placement at the deposition area. 
Suitable placement locations have been identified for Exploratory Works and are shown indicatively on 
Figure 2.6. 

All placement within the reservoir would occur within silt curtains and would be subject to a detailed 
monitoring regime including survey monitoring of pre-placement and post-placement bathymetry, local 
and remote background water quality monitoring during placement with a structured management 
response to monitoring results in the event of an exceedance of established triggers. The management, 
mitigation and monitoring measures would be refined following the ongoing investigations. 

2.5 Accommodation camp 

An accommodation camp is proposed to provide accommodation and supporting services for workers in 
close proximity to the exploratory tunnel. The accommodation camp layout is shown on Figure 2.7 and 
includes ensuite rooms surrounding central facilities including a kitchen, tavern, gym, admin office, 
laundry, maintenance building, sewage and water treatment plants and parking that will service the 
Exploratory Works workforce. The accommodation camp access road will connect to the north side of 
Lobs Hole Road at Lobs Hole. The conceptual layout of the accommodation camp is shown on Figure 2.7. 

2.6 Road and access provisions 

Existing road and access will need to be upgraded to a suitable standard to: 

• provide for the transport of excavated rock material between the exploratory tunnel and the 
excavated rock emplacement areas; 

• accommodate the transport of oversized loads as required; and 

• facilitate the safe movement of plant, equipment, materials and construction staff to the portal 
construction pad. 

Given the topographic constraints of the area, the standard of the existing roads and the environmental 
values associated with KNP, the option of barging larger and oversized loads to the site is available. This is 
discussed further at Section 2.7. 
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2.6.1 Access road works  

The access road upgrades will be designed based on access for a truck and dog trailer. The proposed road 
works are shown in Figure 2.8 and described in Table 2.1. It is expected that the majority of materials and 
equipment will travel along the Snowy Mountains Highway, Link Road and Lobs Hole Ravine Road, with 
some required to travel on Miles Franklin Drive via Talbingo to Talbingo Dam Wall and be transferred via a 
barge to site. The primary haul routes for construction material on site are provided in Figure 2.9. Where 
existing roads are replaced by new access roads or road upgrades, the existing roads will be removed and 
rehabilitated in line with the rehabilitation strategy for Exploratory Works. 

Table 2.1 Access road works summary 

Roadwork area Overview  

Upper Lobs Hole Ravine 
Road upgrade 

Minor upgrades to 7.5 km section of existing road. Only single lane access will be provided. 
No cut and fill earthworks or vegetation clearing will be undertaken.  

Lower Lobs Hole Ravine 
Road upgrade 

Upgrades to 6 km section of existing road involving cut and fill earthworks in some sections. 
Only single lane access will be provided. 

Lobs Hole Road upgrade Upgrade to 7.3 km section of existing road providing two-way access. 

Mine Trail Road upgrade Upgrade to 2.2 km section of existing track to two-way access. 

Mine Trail Road extension Establishment of a new two-way road providing access to the exploratory tunnel portal. 

Middle Bay Road Establishment of a new two-way road to the proposed Middle Bay barge ramp. 

Spillway Road Upgrade of a 3 km section of existing road to provide two-way access to the proposed 
Spillway barge ramp. 

While no cut and fill earthworks or vegetation clearing is proposed along Upper Lobs Hole Ravine Road, a 
laydown area is proposed within and adjacent to the existing transmission line easement. This area will be 
used to store materials required for the road works to the lower section of Lobs Hole Ravine Road. 

2.6.2 Watercourse crossings 

Bridge construction will be required at two locations as described in Table 2.2. The locations of these 
bridge works are shown in Figure 2.9. 

Table 2.2 Watercourse crossing summary 

Bridge works area Overview  

Camp bridge An existing crossing on Yarrangobilly River will be used as a temporary crossing while a new 
permanent bridge is built as part of Lobs Hole Road upgrade. The existing crossing will 
require the crossing level to be raised with rocks to facilitate vehicle passage. The rocks used 
to raise the crossing level will be removed and the crossing no longer used once the 
permanent bridge has been constructed. The new bridge (Camp Bridge) will be a permanent 
crossing and used for both Exploratory Works and Snowy 2.0 main works, should it proceed.  

Wallaces Creek bridge Establishment of a new permanent bridge at Wallaces Creek as part of the Mine Trail Road 
extension. Establishment of this bridge will require an initial temporary pre-fabricated 
’Bailey bridge’ to be constructed, which will be removed before the end of Exploratory 
Works. 
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The design for permanent bridges at both crossings will consist of steel girders with a composite deck. 
This is the most common type of permanent bridge constructed in and around the existing Snowy 
Scheme. Lightweight steel girders are easy to transport and will therefore allow for efficiencies in the 
construction schedule and permit the use of smaller-scale lifting equipment at the construction site. 

2.7 Barge access infrastructure  

To provide an alternative to road access, a barge option is proposed, not only for bulky and heavy 
equipments but for materials and also in case of emergency. During Exploratory Works, barges will be 
loaded at the northern barge ramp (Talbingo barge ramp), travel about 18 km along Talbingo Reservoir 
and be unloaded at the southern barge ramp (Middle Bay barge ramp) before returning to the north. 
Some loads may also be transported in the reverse direction. 

Barge access infrastructure will comprise two dedicated barge ramps at Middle Bay and Talbingo Spillway, 
with a slope of approximately 1 vertical to 10 horizontal (1V: 10H) at each location. A navigation channel 
is also required adjacent to the Middle Bay barge ramp. Construction will involve: 

• geophysical and geotechnical investigation of the barge access area to inform detailed design; 

• site establishment and excavation of barge access area;  

• installation of precast concrete panels at the ramp location; 

• installation of bollards for mooring lines;  

• removal of trees and debris to establish a navigation channel allowing barge access; and 

• minor dredging to allow barge access at the reservoir minimum operating level. 

To facilitate construction, laydown areas are proposed adjacent to the Middle Bay barge ramp and 
adjacent to the water inlet pipeline. Laydown will also be used within the footprint of the Talbingo barge 
ramp. 

Dredged material will be placed as part of the subaqueous placement program or within one of the 
designated on land rock emplacement areas. The infrastructure proposed for the Talbingo Spillway barge 
ramp and Middle Bay barge ramp is provided in Figure 2.10.  

2.8 Services and infrastructure 

Exploratory Works will require additional power and communication infrastructure. Water services are 
also needed and include a water services pipeline and water and waste water (sewage) treatment 
facilities. A summary of services required is provided at Table 2.3. 

  



Source: EMM (2018); Snowy Hydro (2018); NearMap (2018); SMEC (2018); DFSI (2017); LPMA (2011)
KEY Barge access locations

Snowy 2.0Contamination AssessmentExploratory WorksFigure 2.10

TALBINGO
RESERVOIR

BLOWERING
RESERVOIR

TUMUT 2
RESERVOIR

JOUNAMA
PONDAGE

SNOWY
MOUNTAINS HIGHWAY

ELLIOTTWAY

T:\
Jo

bs
\20

17
\J1

71
88

 - S
no

wy
 H

yd
ro 

2.0
\G

IS\
02

_M
ap

s\_
EI

S_
EW

\E
IS

EW
01

8_
Ba

rge
W

ha
rfIn

fra
str

uc
tur

e_
20

18
07

11
_0

8.m
xd

 11
/07

/20
18

0 2.5 5
km

GDA 1994 MGA Zone 55 ´
Exploratory tunnel
Access road upgrade
Access road extension
Communications cable
Main road
Local road or track

Perennial watercourse
Middle Bay barge access
Disturbance area - barge infrastructure
Disturbance footprint
Avoidance footprint

TALBINGO
RESERVOIR

0 100 200
m

NORTH

SOUTH

NORTH

SOUTH

0 100 200
m



 

 PHASE 1 CONTAMINATION ASSESSMENT 25  

Table 2.3 Summary of services and infrastructure 

Services 
infrastructure 

Description 

Power Power will be provided at the portal construction pad and accommodation camp by diesel generators, 
with fuel storage provided at the portal construction pad. 

Communication Communication will be provided via fibre optic link. The fibre optic service has been designed to 
incorporate a submarine cable from Tumut 3 power station across Talbingo Reservoir to Middle Bay, 
and then via a buried conduit within the access roads to the accommodation camp and the portal 
construction pad. 

Water and waste 
water (sewage) 

A water services pipeline is proposed for the supply and discharge of water for Exploratory Works 
which will pump water between Talbingo Reservoir and the exploratory tunnel portal, portal 
construction pad and accommodation camp. 

A package water treatment plant is proposed at the accommodation camp to provide potable water 
to the accommodation camp and portal construction pad facilities and will be treated to a standard 
that complies with the Australian Drinking Water Guidelines. The accommodation camp water supply 
will be pumped via the water pipeline from Talbingo Reservoir at Middle Bay. 
A package waste water (sewage) treatment plant (STP) is proposed at the accommodation camp for 
Exploratory Works waste water. The STP will produce effluent quality comparable to standard for 
inland treatment facilities in the region (eg Cabramurra). Following treatment waste water will be 
discharged to Talbingo reservoir via the water services pipeline connecting the accommodation camp 
to Talbingo Reservoir. 
Waste water from the exploratory tunnel and concrete batching plant will be either re-used on site or 
sent to the waste water treatment plant for treatment prior to discharge. 

2.9 Construction and schedule 

2.9.1 Geotechnical investigation 

To assist the design development for the portal construction pad, accommodation camp, Middle Bay 
Road, Spillway Road, and Lobs Hole Ravine Road, further survey of ground conditions is required. A 
program of geotechnical investigations including geophysical survey, construction of test pits, and 
borehole drilling within the disturbance footprint, will be undertaken as part of construction activities. 
Excavation of test pits in areas where information on relatively shallow subsurface profiles is required, or 
where bulk sampling is required for laboratory testing. Borehole drilling is required to facilitate the 
detailed design of cuttings, bridge foundations, retaining wall foundations, and drainage structures. 

2.9.2 Construction activities 

A disturbance footprint has been identified for Exploratory Works. The extent of the disturbance footprint 
is shown on Figure 2.1 and shows the area required for construction, including the buildings and 
structures, portal construction pad, road widenings and bridges, laydown areas, and rock emplacement 
areas. Typical construction activities that will occur within the footprint are summarised in Table 2.4. 
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Table 2.4 Construction activities 

Activity Typical method 
Geophysical and 
geotechnical 
investigation 

Geophysical surveys will generally involve: 

• laying a geophone cable at the required location and establishing seismic holes;  

• blasting of explosives within seismic holes; and 

• in-reservoir geophysics surveys will use an air gun as the seismic source. 
Geotechnical surveys will generally involve: 

• establishing a drill pad including clearing and setup of environmental controls where required; 

• drilling a borehole to required depth using a tracked or truck mounted drill rig; and 

• installing piezometers where required for future monitoring program. 
Geophysical and geotechnical investigation within Talbingo Reservoir will be carried out using 
barges and subject to environmental controls. 

Site establishment for 
portal construction pad, 
accommodation camp, 
rock placement areas 
and laydown areas 

Site establishment will generally involve: 

• identifying and flagging areas that are to be avoided during the Exploratory Works period; 

• clearing of vegetation within the disturbance footprint, typically using chainsaws, bulldozers 
and excavators; 

• civil earthworks to create a stable and level area suitable for establishment. This will involve a 
cut and fill approach where required to minimise the requirement for imported material;  

• installing site drainage, soil erosion and other permanent environmental controls where 
required;  

• surface finishing, compacting only existing material where possible, or importing additional 
material. Where suitable, this material will be sourced locally (eg from upgrade works to Lobs 
Hole Ravine Road); and 

• set up and commissioning of supporting infrastructure, including survey marks. 

Road works Upgrades of existing tracks (no widening) will generally involve: 

• identifying and flagging areas that are to be avoided during the Exploratory Works period; and 

• removing high points, infilling scours, levelling of rutting, and compacting surfaces. 
Extension or widening of existing tracks will generally involve: 

• identifying and flagging areas that are to be avoided during the Exploratory Works period;  

• installing site drainage, soil erosion and other permanent environmental controls where 
required;  

• clearing and earthworks within the disturbance footprint; and 

• placing road pavement material on the roadway. 

Bridge works Establishment of permanent bridges will generally involve: 

• installing erosion and sedimentation controls around watercourses and installing scour 
protection as required; 

• establishing temporary diversions within the watercourse where required, including work to 
maintain fish passage; 

• establishing temporary bridges to facilitate permanent bridge construction; 

• constructing permanent bridges including piling, establishment of abutments and piers; and 

• removal and rehabilitation of temporary bridges and diversions.  

Barge access works Establishment of barge access infrastructure will generally involve: 
• installing sediment controls; 
• excavating and dredging of barge ramp area and navigation channel; 

• installing precast concrete planks and bollards; and 

• set up and commissioning of supporting infrastructure. 
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Table 2.4 Construction activities 

Activity Typical method 
Exploratory tunnel 
construction 

The drill and blast excavation process will be repeated cyclically throughout the tunnelling 
works, involving: 

• marking up and drilling blast holes in a predetermined pattern in the working face of the 
tunnel; 

• loading the blast holes with explosives, attaching detonators and connecting the holes into a 
blast sequence, and detonating the blast; 

• ventilating the tunnel to remove blast fumes and dust; 

• removing blasted rock; 

• scaling and wash down of the tunnel roof and walls to remove loosened pieces of rock; 

• geological mapping of the exposed rock faces and classification of the conditions to determine 
suitable ground support systems for installation; 

• installing ground support; and 

• advancing construction ventilation ducting and other utilities including power, water, 
compressed air and communications. 

2.9.3 Ancillary construction areas 

Ancillary facilities and laydown areas have been identified within the conceptual layout for the portal 
construction pad and accommodation camp. A number of other indicative construction and laydown 
areas have also been identified to support Exploratory Works. A summary of these sites are: 

• Upper Lobs Hole Ravine Road laydown area; 

• rock emplacement area laydown, storage and ancillary uses; 

• barge access infrastructure laydown areas at Talbingo and Middle Bay; and 

• other minor laydown areas as needed during site establishment of watercourse crossings. 

All laydown areas are within the disturbance footprint identified for Exploratory Works. 

In addition, an area near Camp Bridge has been identified to be used for a plant nursery and organic 
stockpile area.  

2.9.4 Construction workforce requirements  

i Staffing levels 

It is currently expected that workforce for Exploratory Works will be approximately 200 people in total at 
peak construction. Workers are anticipated to work a ‘swing’ shift, for example two weeks on and one 
week off. These workers will be accommodated within the accommodation camp at Lobs Hole when 
rostered on. 

The majority of the workforce will work on a fly-in fly-out and drive-in drive-out basis. It is expected that 
the majority of workers will fly in and out of either Cooma Airport or Canberra Airport and then travel to 
site via bus. 
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During construction of the accommodation camp, workers will be accommodated at Cabramurra. Some 
workers may also be accommodated at Snowy Hydro existing accommodation units at Talbingo during 
construction of the Talbingo barge ramp. No accommodation will be required outside of Cabramurra, the 
construction accommodation camp or Talbingo for the Exploratory Works workforce. 

ii Hours of operation 

It is expected that construction of the exploratory tunnel and haulage of rock material between the 
tunnel and excavated rock stockpile locations at Lobs Hole will be 24 hours a day, seven days a week for 
the duration of the tunnel drilling and blasting operation. Other construction activities, including the 
establishment works, road and infrastructure works, will normally work a 12 hour day, seven days a week. 

The transport of materials along the haul route from Snowy Mountains Highway, Link Road and Upper 
Lobs Hole Ravine Road will only occur during day time hours (except during emergency), to avoid impacts 
to threatened species (Smoky Mouse). Transport by barge will be 24 hours a day, seven days a week.  

2.9.5 Timing and staging  

Exploratory Works are expected to take about 34 months, with the exploratory tunnel expected to be 
completed by late 2021.  

It is expected that the construction works will be completed largely in parallel. However, road and access 
works are expected to be completed within the first six months from commencement. The proposed 
staging of construction activities are highlighted in Figure 2.11. 

Figure 2.11 Indicative timing of Exploratory Works elements  

2.10 Site rehabilitation 

All Exploratory Works align with components of the main works for Snowy 2.0. However, should Snowy 
2.0 not be approved or not progress, the project area will need to be rehabilitated, and project elements 
decommissioned in consultation with NPWS. Anticipated rehabilitation activities are summarised in  
Table 2.5. 

Table 2.5 Planned Exploratory Works rehabilitation activities 

Exploratory Works element Indicative rehabilitation activities 

Exploratory tunnel Closure of exploratory tunnel entrance. 
Exploratory tunnel portal area Permanent portal facade to be constructed, portal to be sealed from entry. 
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Table 2.5 Planned Exploratory Works rehabilitation activities 

Exploratory Works element Indicative rehabilitation activities 
Portal construction pad and 
associated infrastructure 

To be demobilised and all infrastructure removed. Site to be revegetated and 
returned to “original state”. 

Excavated rock emplacement areas Emplaced excavated rock in the western emplacement area to be removed offsite 
and area to be revegetated and returned to “original state”. The eastern 
emplacement area could remain in-situ and the landform rehabilitated as agreed 
with NPWS. 

Accommodation camp To be demobilised and all infrastructure removed. Site to be revegetated and 
returned to “original state”. 

Road access works No remediation required as works are to be designed to be permanent. 

Barge access infrastructure No remediation works required as wharf and loading ramps are designed as 
permanent. Wharf can be removed if desired. 

Services and infrastructure To be demobilised and all infrastructure removed. Site to be revegetated and 
returned to “original state”. 

2.11 Decommissioning 

Should Snowy 2.0 not proceed following the commencement or completion of Exploratory Works, 
elements constructed are able to be decommissioned and areas rehabilitated. Given works are within 
KNP, Snow Hydro will liaise closely with NPWS to determine the extent of decommissioning and types of 
rehabilitation to be undertaken. This approach will be taken to ensure that decommissioning allows for 
integration with future planned recreational use of these areas and to maintain the values of KNP. 
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3 Existing environment 

3.1 Site location 

Snowy 2.0 and the Exploratory Works are within the Australian Alps, in southern NSW. The regional 
location of the Exploratory Works is shown on Figure 1.1. Snowy 2.0 is within both the Snowy Valleys and 
Snowy Monaro Regional local government areas (LGAs); however the Exploratory Works are entirely 
within the Snowy Valleys LGA. The majority of Snowy 2.0 and the Exploratory Works are within Kosciuszko 
National Park (KNP). The area in which the Exploratory Works will be undertaken includes all of the 
elements identified in Figure 1.1 and is referred to herein as the project area. 

3.2 Topography 

The slopes of the region are generally moderate to steep, with localised areas of lower grade, such as 
ridgelines, saddles, benches, and alluvium beside watercourses. Elevations typically range from around 
550 to 1,400 metres Australian Height Datum (AHD).  

Most of the Lobs Hole area is characterised by north-east/south-west aligned ranges incised by steep v-
shaped gullies with stony beds, flowing to more open major watercourses with larger rocks and boulders, 
waterfalls and developed pool-riffle sequences. The northern Talbingo Reservoir barge access ramp will 
be constructed at the Talbingo spillway. This area was highly disturbed in the 1970s for the construction 
of the rock fill embankment dam across the Tumut River and the construction of the concrete chute 
spillway. Tumut 3 is located approximately 150 m below the reservoir. 

3.3 Regional geology 

A detailed review of the regional geology is provided in the Groundwater Assessment for the Exploratory 
Works EIS. The following presents a summary for the project area. 

Lobs Hole Ravine is within the South Eastern Highlands, which are part of the Lachlan Fold Belt that runs 
through the eastern states as a complex series of metamorphosed Ordovician to Devonian sandstones, 
shales and volcanic rocks intruded by numerous granite bodies and deformed by four episodes of folding, 
faulting and uplift.  

The Ravine Beds are the primary geological unit to be intercepted by the exploratory tunnel and surface 
geology is dominated by Devonian to Silurian sedimentary units, comprising younger lava flows along 
steep escarpments within the Ravine incised area, giving way to older reef sediments within incised valley 
floors. Minor colluviums are present along the Yarrangobilly River floodplain terrace.  

The predominant underlying geology of this subregion are block faulted ranges and closed lake basins in 
Silurian and Devonian acid fine grained sedimentary and metamorphic rocks with some granites. 
Extensive areas of thin Tertiary basalt flows over lake and river sediments (NPWS 2003). 

The surficial geology in the area of Tumut 3 around the barge access in the north at Talbingo spillway is 
highly disturbed, consisting of spoil and fill materials (from construction of the Tumut 3 power station), 
existing infrastructure and roadways.  

There is potential for naturally occurring asbestos to occur within the project area. A low potential for 
naturally occurring asbestos occurs within the Jackalass Slate Formation, through a 600 m section of Lobs 
Hole Ravine Road, running parallel to the transmission lines.  
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Exploratory Works drilling program also tentatively identified tremolite and actinolite in the Gooandra 
Formation. Tremolite is calcic rich and associated with low grade metamorphic rocks, including the 
mineral chlorite-greenschist facies metamorphism that was identified in the project area, including in the 
Ravine Beds.  

3.4 Regional lithology 

The soils of the Australian Alps bioregion reflect the extreme climatic gradient across the ranges. The 
lowlands consist mainly of texture contrast soils, grading to uniform, organic soils and peats at the highest 
elevations. The soils of the South Eastern Highlands bioregion vary significantly across the bioregion in 
relation to altitude, temperature, and rainfall. 

The soil survey identified four major soil types within the Exploratory Works project area. The major soil 
orders identified in the area Kandosols and Tenosols. Small areas of Dermosols and Vertosols were also 
identified.  

Further details as to soil profiles and soil groups in the project area are presented in the Soil and Land 
Assessment. 

3.5 Hydrology  

On a regional scale, Snowy 2.0 is within the Murrumbidgee River Catchment. The hydrology of this 
catchment has been altered by the dams and tunnels associated with the existing Snowy Scheme. The 
topography is incised in a north south alignment, with rivers regionally flowing into the Talbingo Reservoir 
and Tumut River catchment.  

The Exploratory Works will be adjacent to the lower reach of Yarrangobilly River within the catchment of 
the Murrumbidgee River. The Yarrangobilly River is a major watercourse that flows into the Talbingo 
Reservoir approximately 1.5 km downstream of Lobs Hole. The Yarrangobilly River catchment is entirely 
within the KNP and is characterised by a range of subalpine grasslands and woodlands and montane dry 
sclerophyll forests.  

Other watercourses within proximity to the project area include Stable Creek, Wallaces Creek, Cave Gully, 
Lick Hole, Sheep Station Creek and a number of smaller watercourses in Lobs Hole. All of these 
watercourses are tributaries to the Yarrangobilly River.  

Of specific importance, the design concept proposes to establish a rock emplacement area in the lower 
portion of Lick Hole Gully. Lick Hole Creek is a third order watercourse that has a 149 ha catchment. The 
catchment is characterised by steep terrain area that extends to the south of the emplacement location 
to Round Top Mountain. Surface water runoff is expected to occur during and shortly after a material 
rainfall event. 

Further details as to hydrology of the project area are presented in the Surface Water assessment. 
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3.6 Hydrogeology 

A regionally extensive weathered zone is assumed to exist over the older Ordovician to Devonian units, 
consisting of a mixture of colluviums, regolith and weathered basement rocks. Tertiary aged basalts also 
exist within this zone. Early field-based studies suggest that shallow groundwater exists within this zone 
and a strong downward hydraulic gradient is apparent, supporting the conceptualisation of a rainfall 
recharge based system. Groundwater quality is very fresh with a pH generally ranging from near neutral 
to slightly alkaline. 

In the vicinity of Lobs Hole, shallow quaternary colluviums were observed to be unsaturated during the 
drilling investigation program, which is likely to recharge during high rainfall and corresponding flooding 
events. The underlying weathered siltstone (Ravine Beds) and rhyolite (Boraig Group) are thought to be 
low yielding (unless localised fractures are intercepted), and the water quality is fresh. Groundwater in 
the deeper, competent Ravine Beds has a lower horizontal hydraulic conductivity than the shallower 
groundwater systems, due to increasing overburden pressure. 

Further detail as to the regional and local hydrogeology of the Project is provided in the Groundwater 
Assessment.  

There are five bores located in the vicinity of Lobs Hole, of which four (TMB01A, TMB01B, TMB05A and 
TMB05B) have been recently drilled by Snowy Hydro:  

• Ravine (Lobbs Hole) Petroleum Exploration Well: petroleum conventional well drilled in 1918 to 
232.56 metres below ground level (mbgl) (URS 2015). This bore was drilled due to concerns of 
flammable gas from mining operations around Lobs Hole. From the drilling operations, the copper 
lode was proven to a depth of 700 ft (213.36 m). A backfilled bore was identified during the site 
walkover in the Lobs Hole mine footprint near the Shaft and Processing Area (refer to Figure 4.1 in 
Chapter 3). The coordinates do not match the records of the 1918 bore; however, it is expected to 
be GW41010171 given that the database coordinates (from the NSW Natural Resource ATLAS 
online resource) place this bore to in a non-accessible area.  

• TMB01A: a shallow groundwater monitoring bore installed for Snowy 2.0to 15 mbgl. This bore 
targets the first water cut located in the Boraig Group (a Devonian Rhyolite). Approximately 3 m of 
colluviums were identified from surface. The static water level was measured at 5.1 mbgl (refer to 
Figure 5.2 in the Groundwater Assessment).  

• TMB01B: a deep groundwater monitoring bore targets siltstone of the Ravine Beds formation. The 
bore is installed to 72 mbgl and the static water level was measured at 6.1 mbgl in March 2018 
(refer to Figure 5.2 in the Groundwater Assessment).  

• TMB05A: completed in a weathered siltstone of the Ravine Beds to a depth of 19 mbgl. 
Approximately 4 m of colluviums were identified from surface. The static water level was measured 
at 3.1 mbgl (refer to Figure 5.2 in the Groundwater Assessment).  

• TMB05B: completed in competent siltstone of the Ravine Beds. The well is installed to 77 mbgl. The 
static water level was measured at 3.2 mbgl in March 2018 (refer to Figure 5.2 in the Groundwater 
Assessment).  
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3.7 Acid sulphate soils 

Acid sulphate soils (ASS) are acidic (pH<4) soil horizons or layers resulting from the aeration of soil rich in 
iron sulphides, primarily pyrite (Department of Land and Water Conservation, 1998). Drainage or 
excavation of these soils aerates these previously waterlogged soils and the pyrite is oxidised into 
sulphuric acid. Potential Acid Sulphate Soils (PASS) are waterlogged soils rich in pyrite that have not yet 
been oxidised. Disturbance of the soils will lead to the development of actual ASS.  

ASS are usually identified in coastal environments. Inland ASS are known to occur along waterways, 
wetlands and drainage channels and develop in waterlogged, saline and anaerobic conditions. Although 
ASS risk maps have been developed for the coastline of NSW, inland maps have not been prepared as ASS 
are not expected beyond coastal floodplains.  

The review of geomorphologic factors and acid sulfate soils mapping showed that the project area is 
unlikely to contain acid sulfate soils.  

3.8 Acid potential of excavated rock 

An assessment of the potential for acid rock drainage (ARD), spontaneous combustion and the presence 
of asbestiforms in excavated rock (the reactive rock) was completed on samples collected from the 
proposed depth of the exploratory tunnel (BH5102). The results showed that two samples have potential 
for PAF with an acid forming potential of between 4.6-6.3 kg H2SO4/t. However, it should be noted that 
the other rock samples had excess acid neutralising capacity, and are classified as acid consuming (AC). 
There is therefore potential that any acidity produced by potentially acid forming rock is consumed by the 
AC rock. Further, the pH results show that all rock samples are alkaline, and the EC results do not indicate 
a potential salinity risk. Further details are presented in the Excavated rock emplacement areas 
assessment (SGME 2018). 

3.9 Land use  

3.9.1 Current 

The project is generally contained within the KNP. Local access tracks are scattered throughout, many 
originate from the historical use of the area and others which were constructed for access to Snowy 
Hydro and other infrastructure (ie transmission lines).  

Lobs Hole is situated in a ravine along the Yarrangobilly River. Remnants of the former township of Ravine 
can be observed in the western portion of Lobs Hole, and relics of the former copper mine can be found in 
the eastern portion of the area. Ravine and the Lobs Hole copper mine were occupied and operational in 
the mid to late 1800s and abandoned in the early 1900s. Further details as to site history are provided in 
Chapter 4. 

Lobs Hole is currently accessible to the public for recreational four wheel driving use and as a 
campground. Snowy Hydro also maintains a hydrometric and meteorological monitoring station along the 
river. Access to the area is made on the Lobs Hole Ravine Road to the north and south. A boat launching 
area into  Talbingo Reservoir (near to the proposed location of the barge access infrastructure in Middle 
Bay) is located 1.6 km northwest of the former Ravine town site.  

The barge access infrastructure would also be located at the northern end of Talbingo Reservoir (which is 
outside of the KNP boundary) at the Talbingo Reservoir spillway which is currently accessible to the public 
for day time picnic and recreational use. 
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3.9.2 Proposed land use 

As described in Chapter 2, the Exploratory Works provides for the construction of an exploratory tunnel to 
enable exploratory drilling at the underground location of the Snowy 2.0 power station. The locations for 
the proposed Exploratory Works elements are shown in Figure 2.1 to 2.10.  

The project has been developed with avoidance measures to minimise environmental impacts including a 
buffer zone of 50 m along Yarrangobilly River and Wallaces Creek to avoid and minimise impacts to 
biodiversity and avoid areas at a heightened risk of flooding. The former Ravine town site and the former 
copper mine are largely avoided by the Exploratory Works avoidance footprint.  
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4 Site history 

A desktop site history assessment was undertaken to determine the chronological history of the site and 
identify possible locations of contamination.  

The review of site history included: 

 A review of past and present aerial photographs obtained from the NSW Department of Lands. 
Aerial Photographs from 1961, 1972, 1990, 2004 and 2017 were reviewed. These photos are 
provided in Appendix A; 

 A review of a Lotsearch environmental risk and planning report prepared for Lobs Hole;  

 Database search of registered groundwater bores in the project footprint boundary via the NSW 
Natural Resource ATLAS online resource (results in Chapter 3.6); 

 A review of historical documents including previous contamination assessments, archaeological, 
and heritage assessments; and 

 a database search of the NSW EPA contaminated land record and public record for licences, 
application and notices, and a search of the NSW EPA environment protection licences, 
applications, notices, audit or pollution studies and reduction programs. 

4.1 Review of historical literature 

A review of the relevant history and archaeological features within the project area is provided in the 
Historic Cultural Heritage Assessment. The following provides a summary of information in relation to 
contamination and previous land use.  

Lobs Hole has been used since the early 1800s as a thoroughfare for the movement of stock, prospecting, 
grazing, horse breeding, settlement, refuge from the winters of Kiandra, horticulture, gardening and 
agriculture, and mining. During the mining boom in the early 1900s, a settlement developed within the 
Lobs Hole area; the Parish Map for Ravine is presented in Appendix B. This 1911 map reports that Ravine 
was proclaimed a village on 5 January 1910. 

4.1.1 Ravine 

While active, the village buildings of Ravine were primarily temporary but housed a school, a butchers 
shop, a blacksmiths shop, a police station, and boarding houses. The town reached a maximum 
population of approximately 500 by 1917. The population of the town dwindled in the 1920s, the 
Washington Hotel was partially demolished and the school burned down in 1928 (Boot 2001). Remnants 
of the Washington Hotel and other minor building foundations remain.  

4.1.2 Lobs Hole 

Mining of copper at the Lobs Hole Mine area began in 1874. Most of the early works at the mine were 
done on the surface but shafts were eventually sunk between 50 and 150 feet, or between 15 m and 
45.7 m, below ground but were repeatedly flooded given the close proximity to Yarrangobilly River.  
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In 1908 the Lobbs Hole Copper Mine was established and the original mine was expanded underground. 
Surface works included a draw-lift pump on the main shaft, a dam, a water race, 38 horse power hydraulic 
plant, and a reverberatory furnace (On Site Cultural Heritage Management, 2015). A smelter was added to 
operations in 1909.  

Mining continued, off and on, at the site until 1916 (LRGM Services 2002). At the time of closure, the mine 
consisted of a total of six shafts, two adits, and several waste rock stockpiles, much of which is still 
observable on the site today. 

4.3 Review of aerial photographs 

Aerial photographs were obtained for the period between 1961 and 2017. Given the land use in the last 
50 years (ie national park), very little infrastructure or significant changes are noted in the photographs. 
The aerial photographs are summarised in Table 4.1. The relevant aerial photographs are provided as 
figures in Appendix A.  

Table 4.1 Historical aerial photo review 

Year Description 

1961 The project area is sparsely developed. Scarring (bare vegetation patches) in the Lobs Hole Mine operation 
areas are visible. Few access tracks run into and out of the area. The transmission line corridor, south of 
Ravine, is visible.  
The original course of the Yarrangobilly and Tumut Rivers is observed. The remnants of the Washington hotel 
are visible in the footprint of the former village of Ravine. The original courses of the Yarrangobilly and Tumut 
rivers is still observable. (Note that this the photo does not show to the portal construction pad). 

1972 The Lobs Mine area appears similar to the previous photo. Both the northern and southern transmission line 
corridors are visible.  
Talbingo Reservoir is encroaching through the Tumut River floodplain and tree tops can be seen within 
reservoir’s extent.  

1980 There is little obvious change to the previous image. This photo is in colour. 

1990 There is little obvious change to the previous image. Tree tops are visible within Talbingo Reservoir.  
2004 No significant changes in land use or features noted. 

2017 No significant changes in land use or features noted. The photo is as the site is today. 

4.4 Search of public records 

4.4.1 NSW EPA online record search 

An online search of the NSW EPA Contaminated Land Records Database 
(http://app.epa.nsw.gov.au/prclmapp/searchregister.aspx) was conducted on 6 March 2018.  

No active notice records or management notices were identified in the project area.  

4.4.2 Public register 

A search of the Protection of the Environment Operations Act 1997 (POEO Act) Public register was 
conducted for the project area (http://app.epa.nsw.gov.au/prpoeoapp/) on 6 March 2018.  

A license for the generation of electrical power, otherwise than from coal, diesel or gas, is active within 
the Kosciuszko National Park and Vicinity area. The Licence holder is Snowy Hydro Ltd.  

http://app.epa.nsw.gov.au/prclmapp/searchregister.aspx�
http://app.epa.nsw.gov.au/prpoeoapp/�
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No other active licenses, applications or notices were identified. Three former licences, now revoked or 
surrendered, were identified under the POEO Act. The activity of all three related to the application of 
herbicides to waterways throughout all of NSW.  

4.4.3 NSW contaminated land notified to EPA 

The List of NSW Contaminated Land notified to the EPA (http://www.epa.nsw.gov.au/your-
environment/contaminated-land/notification-policy/contaminated-sites-list) was accessed on 6 
March 2018.  

No records were identified relating to the Exploratory Works project area.  

4.5 Summary of previous investigations 

A detailed site investigation and remediation assessment of the Lobs Hole Mine was previously completed 
in 2015, documented in the report titled Site Investigation and Remediation Assessment (URS 2015). 

The objective of the investigation was to identify point sources of contamination associated with the 
former mine and determine if contaminants were migrating off site. URS also presented remediation and 
rehabilitation options to mitigate the impacts identified.  

The assessment included the advancement of test pits (excavated using a shovel) across seven areas 
including the capped shafts area, the shaft and processing area, the tailings south, tailings north and 
shafts, two northern shafts, adit south, and slag pile. Test pits were completed to depths between 0.3 to 
0.5 m below ground level. From these areas, 82 soil samples were collected for XRF analysis, and 18 of 
these samples submitted to the laboratory for the selected analysis of metals, metalloids, iron, total 
alkalinity, acidity, TCLP, NAG, NAPP, pH, moisture, and electrical conductivity.  

Field parameters were collected at four locations along the Yarrangobilly River - one upstream, one 
adjacent to the Shaft and processing area, one adjacent to the Adit North, and one downstream of the 
site. Six water samples of the Yarrangobilly River were submitted to the laboratory and analysed for total 
metals and metalloids, dissolved metals, cations/anions, total alkalinity, and acidity.  

Seven sediment samples were collected from deposits (0.0 to 0.1 m depth) within the Yarrangobilly River 
which had been formed from the present or historical movement of water. Four samples were submitted 
to the laboratory for selected analysis of total metals and metalloids, TCLP, NAG and NAPP, pH, moisture, 
EC, total alkalinity, and acidity. Figure 4.1 presents the URS (2015) investigation areas and sampling 
locations. 

A summary of the laboratory results is as follows: 

Soil: 

• Of the 15 soil samples analysed, eight exceeded the Human Health Investigation Level (HIL) C - 
Recreational guidelines for arsenic. These eight samples were collected from the Shaft and 
processing area, tailings north, and tailings south. No other analytes exceeded applicable criteria  in 
the soils analysed; and 

• All soil samples analysed had high acid generating potential. 
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Sediment: 

• Elevated levels of arsenic, lead, mercury, copper, nickel, and zinc were measured in sediment 
samples collected from the Yarrangobilly River in the Shaft and Processing Area, exceeding the 
ANZECC Aquatic ecosystem guidelines. An exceedance of copper (290 mg/kg) was also detected in 
the vicinity of Tailings North and Shaft Area. 

• Leachate tests indicated that the metals are  immobile within the sediments. 

• No exceedances were measured in sediment samples collected 700 m down gradient of the Shaft 
and Processing Area. The results suggested that the concentrations of the contaminants of primary 
concern (COPC) decrease down gradient of the mine site. 

Surface water: 

• Dissolved arsenic copper, nickel, and zinc concentrations exceeded ANZECC freshwater, 
recreational and Australian Drinking water Guidelines (ADWG) in a range of samples collected 
within the mine area, with the highest concentrations measured in the Shaft and Processing Area. 
Copper, nickel, and zinc concentrations exceeded select criteria down gradient in sample TN_SW01 
in the Tailings North and Shaft Area.  

• No exceedances were measured in the Yarrangobilly surface water sampled 700 m down gradient.  

URS recommended a number of remediation and rehabilitation options to mitigate impacts to the 
Yarrangobilly River, prioritising solutions to reduce impacted sediment runoff from the site and improve 
the quality of the surface water migrating off site. URS recommended the following remedial options:  

• treatment of the primary contamination sources;  

• divert runoff from the waste rock piles in the Shaft and Processing Area to reduce migration of 
metals and reduce generation of acid leachate;  

• divert surface water runoff from open shafts and waste rock material in the Capped Shafts Area;  

• cap and revegetate the Shaft and Processing Area to minimise erosion and sediment runoff 
(isolating the waste rock from oxygen and water, reducing acid generating potential); 

• cap and revegetate the Capped Shafts Area to minimise erosion, seepage, and sediment runoff; 

• backfill the shafts to reduce erosion and seepage; 

• cap and revegetate the waste rock material within Tailings North Area (off site, access restricted); 

• cap and revegetate waste rock material within Tailings South Area (off site, access restricted); and 

• excavate slag (although appeared to be stable) and place in a proposed capping area – further 
investigation was recommended. 

Based on observations, none of the remedial options appear to have been implemented to date.  

  



Source: EMM (2018); Snowy Hydro (2018); NearMap (2018); SMEC (2018); URS (2018); DFSI (2017)
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4.6 Summary of additional investigation 

A limited soil sampling program was conducted as part of the phase 1 contamination assessment to 
support the EIS for the Exploratory Works. The purpose of the field sampling program was to provide a 
record of existing site conditions prior to construction (collect baseline data), at select locations within the 
predicted disturbance area at Lobs Hole.. A memo of the results and findings of this sampling program is 
provided as Appendix D.  

A total of ten shallow soil samples were collected between 0.2 and 0.5 m bgl at ten targeted locations 
across Lobs Hole, shown in Figure 4.2. Samples were analysed for a suite of heavy metals, total 
recoverable hydrocarbons (TRH)/ benzene, toluene, ethylbenzene and xylene (BTEX), cation exchange 
capacity (CEC) and exchangeable cations. Selected samples were analysed for the presence of asbestos. 

The results of the soil analysis were compared with the NEPM Health investigation and screening levels 
considering HIL/HSL B (applicable to residential sites with minimal soil access such as will be the case at 
the accommodation camp) and HIL/HSL C (applicable to public open spaces). Samples show that all metal 
and hydrocarbon concentrations were below the applicable human health investigation and screening 
criteria at all locations.  

The results of sampling reported metal concentrations above ecological investigation levels (EILs) for 
areas of ecological significance (see Figure 4.2):  

• Copper: exceeded the ecological significance EIL criteria at four locations. Two of the locations with 
exceedances (CONTAMINATION 1 and CONTAMINATION 2) are in the accommodation camp area. 
The exceedances may be attributed to natural elevated background levels of copper in the soil, or 
minor impacts from previous land use (ie ad-hoc camping and four wheel driving). The exceedances 
detected at the adit south and the mine (CONTAMINATION 9 and CONTAMINATION 10) are likely 
remnant of the former mine operations.  

• Nickel: exceeded EILs criteria at seven locations.  

• Arsenic: exceeded EIL at one location (CONTAMINATION 9 (0.1-0.3)), which is in the vicinity of the 
Adit south.  

• Zinc: exceeded the EIL at three locations (CONTAMINATION 1 (0.2-0.5) near the accommodation 
camp, CONTAMINATION 3 (0.1-0.3) in an open area along path of the proposed roadway, and 
CONTAMINATION 9 (0.1-0.3) at the adit south). These exceedances may be attributed to natural 
background levels, or the historic and recent use of Lobs Hole. 

Ambient background concentrations and physical soil properties were not taken into consideration to 
derive site specific ecological criteria for this assessment, therefore these conclusions are conservative. 
Lobs Hole is an area within the national park with a deep history and use, thus disturbance and impact is 
to be expected.  

The sampling conducted has shown that despite being within a National Park setting, the shallow soils in 
the Lobs Hole area is impacted with heavy metals. However, the magnitude of these guideline 
exceedances is representative of the historic use at (or nearby) that location. For example, the copper 
exceedances around the mine workings (CONTAMINATION 9 and CONTAMINATION 10) far exceed those 
measured in areas of minimal disturbance, such as CONTAMINATION 5 and CONTAMINATION 6 at Ravine.  
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5 Preliminary site inspection 

A visual site inspection of the Lobs Hole and Ravine area, and northern end of Talbingo Reservoir (spillway 
and public boat ramp) was conducted on 12 and 13 March 2018. The purpose of the site investigation was 
to identify potential contamination sources, or visible evidence of contamination, and to observe current 
landforms and site condition. During the visual site inspection, photographic information was collected to 
support the conceptual understanding of any constraints for construction and any disturbed areas across 
the site. Photographic information is presented in Appendix C. 

The Exploratory Works project area was divided into the following components and are described in 
further detail in this section:   

1. Talbingo Reservoir barge access infrastructure. 

2. Middle Bay barge access infrastructure. 

3. Access roads. 

4. Portal construction pad.  

5. Lobs Hole: an area of approximately 86 ha, which contains the following existing features and 
proposed Exploratory Works elements:  

a) Historical Lobs Hole Copper Mine. 

b) Historical town site of Ravine. 

c) Proposed rock emplacement area. 

d) Accommodation camp. 

The site inspection focused on identifying evidence of:  

 current or former sources of potential contamination, including chemical and fuel storage facilities, 
any infrastructure involving the use of chemicals or fuels, facilities for waste disposal or 
containment, or potentially contaminating production processes; 

 fuel spills, fire events, surface staining, and scarring or stressed vegetation; 

 land cutting, filling or subsidence and associated potential for importation of fill; 

 groundwater and surface water, seepage and surface water bodies and movement within the area; 
and  

 potential contamination from historical activities.  

General site observations were made and the location of areas of environmental concern (AECs), 
potential sources of contamination, and the potential environmental receptors were noted. Observations 
within each of the five areas are described in the following sections. A site inspection photo log is 
provided in Appendix C. 
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5.1 Talbingo Reservoir barge access infrastructure 

The barge ramp at the north end of the reservoir would be at the existing spillway, a highly disturbed 
area, accessible via existing roads near Tumut 3 power station. Public toilets, picnic tables, and a public 
swimming area are located at the spillway. The site inspection identified minor rubbish litter and a small 
fire pit near the shores of the reservoir. No dwellings or residential properties are located in the vicinity of 
the Talbingo barge ramp.  

The visual site inspection in the general vicinity of the Middle Bay barge ramp at the existing boat hand 
launching site noted rapid changes in reservoir levels, submerged vegetation and minor channels through 
the existing ramp caused by surface water runoff into the reservoir. Evidence of hydrocarbon spills or 
other sources of contamination was not observed in the vicinity the existing ramp or on the existing 
access road; however, remnants of an open fire pit were observed adjacent to the ramp.  

The Middle Bay barge ramp locations on the northern shore of Middle Bay was not accessed at the time 
of the site visit. The area is not disturbed or developed.  

5.2 Access road upgrades and extensions 

The proposed access road upgrades will be designed based on access for a truck and dog trailer. The 
proposed road works are shown in Figure 2.4.  

During the site inspection, extra piping for culvert upgrades and metal fencing were observed along the 
existing access roads. The inspection of the existing roadways did not identify any significant 
contamination sources, severe evidence of vegetation stress, or evidence of existing or historical 
contamination. However, as noted in Section 2.6.1, sections of the Lobs Hole track upgrade will be 
constructed in an area of ‘potential for naturally occurring asbestos’ (Figure 2.4).  

5.3 Portal construction pad 

A portal construction pad will be located at the western end of the exploratory tunnel and will provide a 
secure area for construction activities. Infrastructure at the portal construction pad will primarily support 
tunnelling activities and include a concrete batching plant and associated stockpiles, site offices, 
maintenance workshops, construction support infrastructure, car parking, and equipment laydown areas.  

Given limited history and limited accessibility (dense bush) in the area east of Lobs Hole, the portal 
construction pad was not inspected. 

5.4 Lobs Hole  

5.4.1 Lobs Hole mine  

Copper mining was undertaken in the eastern portion of Lobs Hole for over a 42 year period between 
1874 and 1916 (Boot 2001). The footprint of the Lobs Hole mine covers an area of approximately 3 ha, 
with all features outside the disturbance footprint for Exploratory Works, with the exception of adit south 
(see Figure 4.1). The predominant features of the mine are summarised in Table 4.2.  
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Table 5.1 Predominant features of Lobs Hole mine 

Feature Location Description 
Adit south Inside disturbance 

footprint - within 
Lick Hole Gully 
central to the 
proposed rock 
emplacement area 

 the adit remains open and is located within the footprint of the proposed rock 
emplacement area;  

 waste rock material is spread around an area less than 300 m2; and  
 URS (2015) additionally noted that it appeared that surface water drains from 

the adit to the north along Lick Hole Gully.  

Capped shafts Outside disturbance 
footprint on the 
eastern boundary of 
Lobs Hole 

 an area of waste rock that remains unfilled; 
 shafts are covered with steel caging;  
 vegetation in the area looks stressed ; 
 topography slopes east towards the shaft and processing area and 

Yarrangobilly River; and 
 rubbish was observed in the shafts at the time of the site inspection. No water 

or vegetation was observed within an area of approximately 2,000 m2 
surrounding the shafts.  

Former 
smelter 

Outside disturbance 
footprint on the 
western bank of the 
Yarrangobilly River 

 most of this area is within the avoidance footprint along the river;  
 contains small slag piles, rubble, and scrap metal; and  
 there is little vegetation in the area where slag and waste material was present. 

Shaft and 
processing 
area 

Outside disturbance 
footprint on the 
eastern boundary of 
Lobs Hole, sloping 
towards the 
Yarrangobilly River 
to the east 

 most of this area is within the avoidance footprint along the river; 
 there is little vegetation in the area; 
 a partially filled shaft is present at the site with no safety structures to prevent 

access into the shaft; 
 waste rock is heaped in the area with visible signs of white staining and copper 

oxidisation around the concrete footings and exposed bedrock; and 
 a backfilled bore was observed northeast of the shaft (Appendix C). 

Tailings South Outside disturbance 
footprint on the 
eastern side of the 
Yarrangobilly River 
sloping west 
towards the river 
channel 

 comprises of a large waste rock stockpile adjacent to the river;  
 this area was not visited during the site inspection, however URS (2015) note 

that no obvious signs of tailings were observed from the shallow material 
investigated;  

 former timbers and mining equipment were identified and very little vegetation 
was noted within the Tailings South area; and 

 URS (2015) note that although the name ‘Tailings South’ was adopted for 
consistency with NPWS mapping but it is not necessarily indicative of the 
material composition of the area.  

Tailings North 
and Shaft 

Outside disturbance 
footprint on the 
northern bank of 
the Yarrangobilly 
River generally 
sloping south-west 
towards the river 
channel 

 this area was not visited during the site inspection, however URS (2015) 
describe the approximately 1,200 m2 area to be comprised of a large waste 
rock stockpile, several smaller waste rock stockpiles, and a former mine shaft, 
partially filled with waste rock; 

 very little vegetation was noted within the Tailings North and Shaft area; and 
 URS (2015) note that although the name ‘Tailings North and Shaft’ was adopted 

for consistency with NPWS mapping and it is not necessarily indicative of the 
material composition of the area.  

Two Shafts 
(North) 

Outside disturbance 
footprint 
approximately 70 m 
north-east of the 
Tailings North and 
Shaft area 

 this area was not visited during the site inspection, however URS (2015) 
describe two former mine shafts as remaining in the area, covered with steel 
caging with waste rock surrounding the shafts; and  

 no vegetation was noted in the immediate vicinity of the shafts. 
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The Lobs Hole mine is also identified as a geoheritage site in the KNP Geodiversity action plan (OEH 2012).  

5.4.2 Ravine town site 

The former town site of Ravine is situated in the western portion of Lobs Hole. Few visible remnants of 
the village remain in the valley; most of the building construction materials have been removed.  

During the site inspection, the foundation of the former Washington Hotel was observed as well as other 
minor building foundations, waste brick and scrap metals, and ‘cultural plantings’ (ie orchard trees). An 
archaeological investigation was ongoing at the same time in the area north of the former hotel. Access 
tracks, evidence of open fires, and minor rubbish associated with the use of the areas as a public 
campground was evident but no evidence or sources of current contamination were observed. 

It should be noted that a majority of the Ravine town site area is either within the Exploratory Works 
avoidance area or in surveyed areas which are not under consideration for use or disturbance as part of 
Exploratory Works. The town site will be impacted for the upgrade of the access roads through Lobs Hole, 
connecting the accommodation camp, across camp bridge, and the portal construction pad.  

5.4.3 Eastern rock emplacement area  

Consultation with NPWS throughout the design process has identified an opportunity for the proposed 
eastern emplacement area to form a permanent landform that enables greater recreational use of Lobs 
Hole following the completion of Snowy 2.0’s construction. It is envisaged that the proposed excavated 
rock emplacement area will provide a relatively flat landform suitable for camping and basic recreational 
facilities to be confirmed in consultation with NPWS. 

The opening to adit south of Lobs Hole Mine is within the footprint of this area. Waste rock material from 
the former mine operations is spread around an area less than 300 m2. URS (2015) noted that it appeared 
that surface water drains from the adit to the north along the Lick Hole Gully.  

The Adit was not entered during the site walkover. The adit is currently open. The soil and impacted 
material around the adit will preferentially be used to backfill the adit as part of site preparation works 
(which will include soil and vegetation stripping to a depth of 0.5 m below the current ground level) prior 
to emplacement to prevent a pathway for seepage water..  

5.4.4 Western rock emplacement area 

The proposed western emplacement area will be used to store excavated material should it not be able to 
be placed within the eastern emplacement area. It is envisaged this emplacement area will be used to 
store excavated materials suitable for re-use within the construction of Exploratory Works, or for use by 
NPWS for KNP maintenance activities, or other Snowy Hydro operational activities.  

All remaining material placed in this emplacement area will be removed following the completion of 
Exploratory Works. A historical track, the former Moore Street of Ravine, proceeds through the proposed 
footprint. The visual site inspection noted evidence of open fires and minor rubbish associated with 
recent camping but did not observe any evidence or sources of significant contamination.  
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5.4.5 Accommodation camp 

The proposed camp is situated along a hillside which wraps north of the Yarrangobilly River on the 
western side of Lobs Hole. The visual site inspection noted an access track, evidence of open fires and 
minor rubbish associated with recent camping, but did not observe any evidence or sources of recent or 
historical contamination or stressed vegetation. 
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6 Preliminary conceptual site model 

A preliminary conceptual site model (CSM) has been prepared to present the potential contamination 
sources, pathways, and identify source-pathway-receptor links to human or environmental receptors 
from previous land uses, in particular mining, and potential contamination that could occur as a result of 
the proposed Exploratory Works.  

6.1 Potential contamination from historical sources 

Based on the desktop site history assessment and site inspection, three existing potential AEC have been 
identified:  

• historical activities related to Lobs Hole Copper Mining (medium to high risk); 

• historical activities related to the operations of the Township of Ravine (low risk); and 

• recent recreational / campsite use (low risk). 

As described in Section 4.5, a detailed investigation conducted at the Lobs Hole mine (URS 2015) 
identified soil, sediment, and surface water contamination associated with historical mine activities as 
being present at concentrations above the relevant assessment criteria. This has impacted the sediments 
and water quality in the nearby Yarrangobilly River; however, concentrations of contaminants of potential 
concern (COPCs) were measured below the relevant criteria at a distance of less than 700 m down 
gradient (west) of the mine. Preliminary soil sampling conducted at limited locations around mine 
features did not identify any health-based soil impacts, but confirmed ecological exceedances of heavy 
metals (copper, zinc, nickel and arsenic). Some of Lobs Hole mine is located outside of the boundaries of 
the Exploratory Works study area and across the Yarrangobilly river (off site). These areas were not 
considered part of this study.  

Soil sampling conducted at additional locations around Lobs Hole, such as near the portal and near the 
accommodation camp, also reported ecological exceedances of heavy metals in the soil (copper, zinc, and 
nickel). These exceedances were attributed to the disturbed nature and historical use of the area. 

Although small scale, localised grazing, horticultural, agriculture, and/or waste activities associated with 
the township of Ravine may have had minor impacts to the shallow soils from an ecological perspective. 
An additional source of shallow contamination would be related to camping and 4WD activities (ie waste 
disposal, fuel leaks and spills, open fires and localised rubbish). However, given the limited extent of these 
activities and sources, the potential contamination risk from these activities is low. 

Given the age and scale of the aforementioned  activities, they are unlikely to have caused significant 
levels of contamination. Section 6.5 discusses further investigations to better define the extent of these 
existing impacts. 

6.2 Potential contamination from Exploratory Works 

General construction activities associated with Exploratory Works have the potential to impact the soil 
and water quality during the Exploratory Works construction stage. These works include:  

• soil removal, site preparation, levelling, and operation; 

• excavations, cutting into hillsides and slopes; 
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• exploratory tunnel and portal construction; 

• general construction and operational waste generation;  

• waste rock emplacement; and 

• importing, handling, stockpiling, and transporting materials; 

It is anticipated that the Exploratory Works activities identified as a medium or high risk in  
Table 6.2, will present a low risk following the implementation of management measures. The location of 
the Exploratory Works facilities is provided on Figure 2.1 to 2.10. 

6.2.1 Tunnel seepage and wastewater 

During tunnel construction, groundwater intercepted during tunnelling (also known as tunnel affected 
water) will be contained and transferred to the portal for treatment and management. A water services 
pipeline is proposed for the supply and discharge of water for the Exploratory Works which will pump 
water between Talbingo Reservoir and the exploratory tunnel portal, portal construction pad, and 
accommodation camp. A water treatment plant will be constructed at the accommodation cap to provide 
potable water to the project. A wastewater treatment plant will also be constructed at the 
accommodation camp. Following treatment, the wastewater will be discharged into Talbingo reservoir via 
a pipeline.  

The extracted water from the tunnel and waste water will be piped to the waste water treatment plant 
proposed at the accommodation camp for treatment and discharged to the local watercourses, or 
transported off site to an appropriate facility. The treatment plant will produce effluent quality 
comparable to standard for inland treatment facilities in the region (eg Jindabyne, Charlotte Pass etc). 
Following treatment waste water will be discharged to Talbingo reservoir via the water utility pipeline 
connecting the accommodation camp to Middle Bay. 

Potential impacts on workers include exposure to the extracted water from direct contact with the water 
prior to treatment. Given this water will need to be transported, there is an environmental risk of 
contamination in the event of a pipe burst or leak of untreated water being released to the stormwater 
system or local watercourses.  

However, protective measures and mitigation plans will be in place to reduce any risks associated to the 
pipelines. The risks will be mitigated through appropriate construction and safety controls to prevent 
(where possible) the ingress of stormwater into the process water system. This will be achieved by 
covering and bunding process water areas. Captured process water will be treated in a water treatment 
plant.  

6.2.2 Geochemistry of the excavated rock  

A geochemical assessment of the rock samples from boreholes completed in the general vicinity of the 
tunnel showed that two samples with an acid forming potential of between 4.6 - 6.3 kg H2SO4/t. However, 
other rock samples had excess acid neutralising capacity, and are classified as acid consuming (AC). There 
is potential that any acidity produced by potentially acid forming rock is consumed by the AC rock. Also 
results do not indicate a potential salinity risk from the excavated rock.  

Prior to constructing the eastern rock emplacement, the adit would be backfilled and track rolled. Once 
this is completed, the remaining eastern rock emplacement area would be stripped of its soil and 
vegetation to a depth of 0.5 m below ground level.  



 

 PHASE 1 CONTAMINATION ASSESSMENT 53  

The soil and vegetation would be placed on the western rock emplacement. Once the soil has been 
stripped the base of Lick Hole Gully will be lined with a 1 m thick and 40 m wide AC limestone pad. The 
purpose of the AC limestone pad is to: 

● separate flow in Lick Hole Gully from the eastern rock emplacement under low flow conditions; and 

● passively treat impacted drainage from Lobs Hole Mine by encouraging the formation of metal 
hydroxides ie the metals would precipitate, reducing their concentrations in discharge entering the 
Yarrangobilly River. 

6.2.3 Naturally occurring asbestos 

As described in Section 3.3, a 600 m section of the Lobs Hole Ravine Road Lobs Hole road aligns with an 
area identified as having a low potential for naturally occurring asbestos. Also the drilling program 
tentatively identified tremolite and actinolite in the Gooandra Formation.  

The risk of exposure to asbestos is considered to be low throughout the project area. Minimal upgrade 
works are proposed as along the a 600 m section of Lobs Hole Ravine Road being that a smoky mouse 
avoidance area has been assigned to both sides of the alignment.  

While the risk to encounter asbestiform mineral is low, works which would intersect or excavate these 
potential asbestos occurring areas and formations will require specific management strategies that would 
be outlined in an asbestos management plan (AMP) to be prepared as part of a Construction 
environmental management plan for Exploratory works (See Chapter 7).   

6.3 Potential receptors and pathways 

Typical sensitive human and ecological receptors related to the project include: 

• project construction workers,  

• current recreational users,  

• soil ecosystem,  

• flora and fauna down gradient,  

• Yarrangobilly surface water and sediment ecology; 

• local groundwater system; and 

• Talbingo Reservoir aquatic ecology. 

Pathways between the potential sources of contamination, without appropriate management controls, 
and these sensitive receptors include: 

• direct contact between site users and contaminated soils, sediment, surface water and/or 
groundwater: unlikely under the current site use, but could potentially occur during redevelopment 
of the Site, for example during excavation of disturbed and contaminated soils, or spills;  

• ingestion of impacted soil, sediment and/or groundwater by site users: unlikely under the current 
site use but could potentially occur during redevelopment of the Site;  
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• ingestion of impacted surface water by recreational (camping) site users: possible based on current 
land use and future recreational use of the area as a campground post construction; however, 
access of the site to the general public would be restricted during development; 

• inhalation of dust by site users by either wind or erosion forces: unlikely under the current Site use 
for most of the site. The exception is the bare soil/spoil in the vicinity of Lobs Hole Mine, which is 
primarily within the project avoidance area. Increased risk during redevelopment of the Site, for 
example during excavation and surface grading activities;  

• impact to ecological receptors via migration of contaminated groundwater: rainfall leaching 
through the surface soils or emplaced rock may produce a leach ate which enters the groundwater 
system and contaminated groundwater discharge into water courses, leaving a potential impact to 
ecosystems in Yarrangobilly River; and  

• migration of impacted sediment or surface water runoff may contain COPCs and discharge into the 
Yarrangobilly River or other nearby water courses.  

6.4 Contamination risks  

The risk criteria considered are outlined in Table 6.1. Table 6.2 summarises the current land use activities 
associated with the Exploratory Works and the anticipated level of risk associated with each activity from 
a contamination perspective.  

Given the surrounding land use of the Exploratory Works study area, being national park, off site sources 
are not considered within assessment of risk. 
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Table 6.1 Preliminary qualitative risk matrix 

Consequence Likelihood of contamination to be present or to occur 
 Very unlikely to be 

present at 
concentrations 
above the relevant 
assessment criteria 
and limited in 
extent  

Potentially present at 
concentrations above 
the relevant 
assessment criteria 
and limited in extent  

Potentially present at 
concentrations above 
the relevant 
assessment criteria 
and widespread  

Known to be present at 
concentrations above 
the relevant 
assessment criteria and 
widespread  

No or unlikely 
exposure pathway 
for human or 
ecological receptors 
either now, during, 
or post construction 
 

Low Low Medium Medium 

Exposure pathway 
for human or 
ecological receptors 
likely to be present 
and complete either 
now, during, or post 
construction 

Low Medium High High 

Exposure pathway 
for human or 
ecological receptors 
present and are 
complete either 
now, during, or post 
construction 

Medium Medium High High 
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Table 6.2 Assessment of impacts and contaminants of concern  

Project element Contaminants of 
Potential Concern 
(COPC)  

Description Likelihood of 
contamination to be 
present or occur 

Consequence Potential 
contamination risk 

Portal construction pad      

Existing Environment  - No areas of concern currently expected. The area is currently undisturbed, 
current access is by helicopter or by a walking track, accessed across 
Wallaces Creek. 
The likelihood of contamination to be present is very unlikely at 
concentrations above the relevant assessment criteria and would be 
limited in extent, noting likely high levels of natural occurring copper in 
the region 

Very unlikely  No existing 
pathway for 
human or 
ecological receptor 

Low 

Exploratory Works  Metals, PAHs, 
hydrocarbons, 
explosives 

Construction activities would include excavations and tunnelling, haulage 
of excavated rock, construction of the portal and tunnel, construction of 
complexes and operation buildings and associated infrastructure, and the 
implementation of environmental management and pollution control 
facilities.  
Potential causes of contamination during development works include soil 
removal, groundwater removal from tunnel operations, site preparation 
and operations, excavations, generation of construction wastes, the 
importation, handling, stockpiling and transporting of material resources, 
and the general generation of waste.  
Water treatment plant will be constructed and designed to treat the 
groundwater inflows encountered during tunnel construction. The level of 
treatment would consider the receiving water body and developed in 
accordance with ANZECC (2000). 
All infrastructure associated with potentially contaminating activities will 
be designed and installed within standard operating procedures to 
mitigate and manage any associated risks. Hazardous munitions will be 
stored in a magazine store, designed in accordance with relevant 
legislation, standards and codes of practice for the storage and handling 
of explosives in NSW.  

Likely present but 
limited in extent.  

Hazardous 
materials will be 
stored and used 
with appropriate 
controls, thus an 
unlikely exposure 
pathway for 
human or the 
potential ecological 
receptors during or 
post construction.  

Low 
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Table 6.2 Assessment of impacts and contaminants of concern  

Project element Contaminants of 
Potential Concern 
(COPC)  

Description Likelihood of 
contamination to be 
present or occur 

Consequence Potential 
contamination risk 

Access roads and upgrades     

Existing Environment Metals, PAHs, 
hydrocarbons, 
Asbestos 

No areas of concern were identified along the current roadways during 
the site inspection.  
An area of low potential for naturally occurring asbestos exists along a 
600 m section of an existing roadway. Also, the existing roads are 
disturbed areas. The current risks include fuel or load spills and exposure 
to construction workers. 
Proposed tracks and upgrades are primarily areas in disturbed Areas. 

Potentially present, 
but limited in extent  
 

Unlikely exposure 
pathway for 
human or 
ecological 
receptors to be 
present during or 
post construction 
with appropriate 
management 
controls in place. 

Low 

Exploratory Works 
Development 

Metals, PAHs, 
hydrocarbons, 
Asbestos 

Works to include road upgrades, establishment of new tracks and the 
construction of Wallaces Creek and Camp Bridges.  
Activities will include vegetation clearing and removal, topsoil stripping, 
excavation of new cut and fill areas, installation of stabilisation features 
(ie piling walls and retaining structures), and construction of piers and 
associated bridge components. 
A low potential risk for asbestos is identified along the Lower Lobs Hole 
Ravine Road. No upgrade is proposed in the area identified with a low 
asbestos potential. 

Low 

Barge access infrastructure      

Existing Environment Metals, PAHs, 
hydrocarbons, 
Asbestos, PCBs, 
water treatment 
chemicals 

The areas at Talbingo North are highly disturbed, with high-graded access 
roads, the Tumut 3 power station, and recreational facilities. Minor spills 
and minor areas of stressed vegetation were observed.  
Middle Bay barge ramp is accessible off of Lobs Hole Ravine Road. 
Minimal impact was observed, residual from recent camping (open fires) 
was evident.  

Unlikely to be present 
and limited in extent  
 

Unlikely exposure 
pathway for 
human or 
ecological 
receptors to be 
present during or 

Low 
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Table 6.2 Assessment of impacts and contaminants of concern  

Project element Contaminants of 
Potential Concern 
(COPC)  

Description Likelihood of 
contamination to be 
present or occur 

Consequence Potential 
contamination risk 

Exploratory Works 
Development 

Metals, PAHs, 
hydrocarbons 

Facilities to include:  

• construct barge access at Middle Bay; 

• establish new road access to Middle Bay; and 

• construct barge access at Talbingo Reservoir. 

post construction 
with appropriate 
management 
controls in place. 

Low  

On land rock emplacement areas     

Existing Environment Metals, acidity and 
alkalinity 

The area is primarily undisturbed, with access via Lobs Hole Ravine Road. 
Evidence of camping (burned coals from open fires and minor rubbish) 
was observed. 
The South Adit, associated with Lobs Hole Mine is located within the 
footprint of the eastern emplacement area. 

Heavy metals known 
to be present at 
concentrations above 
ecological criteria at 
the eastern 
emplacement area, 
but limited in extent 

Unlikely exposure 
for human 
receptors. 
Exposure pathway 
for ecological 
receptors is 
complete.  

Medium  

Exploratory Works  
 

Metals, acidity and 
alkalinity  
 

Construction activities would include vegetation clearing, site levelling and 
preparation, soil removal (~0.5 m), and the haulage of excavated 
rock/stockpile material. 
It is unlikely that the construction of the rock emplacement area would 
substantially add to contamination at the adit south. Site preparation and 
emplacement of material will restrict the pathway to ecological receptors. 
Appropriately designed surface water diversion systems will be installed 

Eastern rock 
emplacement – 
remediation will 
present 
concentrations to 
meet the relevant 
assessment criteria  

Eastern rock 
emplacement - 
Exposure pathway 
for human or 
ecological 
receptors will likely 
no longer be 
present 

Low  
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Table 6.2 Assessment of impacts and contaminants of concern  

Project element Contaminants of 
Potential Concern 
(COPC)  

Description Likelihood of 
contamination to be 
present or occur 

Consequence Potential 
contamination risk 

to prevent erosion and manage infiltration through the emplaced rock 
during rain and flooding events. 
The final design of the rock emplacement areas will include ground 
preparation strategies in the vicinity of the adit, such as backfilling, prior 
to rock placement to minimise ecological impacts.  

Western rock 
emplacement - 
Unlikely to be present 
at concentrations 
above relevant 
criteria.  

Western rock 
emplacement - 
Exposure pathway 
for human or 
ecological 
receptors is 
unlikely to be 
present. 

Accommodation Camp      

Existing Environment Metals No areas of concern observed. The area is primarily undisturbed, with an 
access road across the hillside and minor evidence of recent camping and 
open fires. 
 

Potentially present at 
concentrations above 
the relevant 
assessment criteria 
and limited in extent  

Current exposure 
pathway is likely to 
be currently 
present given the 
area use as a 
campground. 

Medium  

Exploratory Works  Metals, PAH, 
hydrocarbons, 
water treatment 
chemicals  

The camp will include ensuite rooms surrounding central facilities 
including a kitchen, tavern, gym, admin office, laundry, maintenance 
building, sewage and water treatment plants and parking that will service 
the Exploratory Works workforce. 

Likely present but 
limited in extent.  

Hazardous 
materials will be 
stored and used 
with appropriate 
controls, thus an 
unlikely exposure 
pathway for 
human or the 
potential ecological 
receptors during or 
post construction. 
 
 

Low  
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Table 6.2 Assessment of impacts and contaminants of concern  

Project element Contaminants of 
Potential Concern 
(COPC)  

Description Likelihood of 
contamination to be 
present or occur 

Consequence Potential 
contamination risk 

Ravine       

Existing Environment Metals, 
hydrocarbons, 
PAH and asbestos  

No areas of concern expected. The former town site and surrounding 
valley has been more recently used as a campground and for recreational 
purposes. 

Potentially present 
but limited in extent 

limited pathway 
for human or 
ecological 
receptors 

Low 

Exploratory Works 
Development  

 Only a small area to be developed as part of Exploratory Works to develop 
access and upgrade roadways.  
At completion of the project, the area is likely to be rehabilitated to its 
former use as a campground. 

unlikely to be present 
and limited in extent  

limited pathway 
for human or 
ecological 
receptors 

Low 

Lobs Hole Mine (considering only areas within project area)    

Existing Environment Metals, PAH, 
hydrocarbons, 
acidity and 
alkalinity 

Stressed vegetation and bare patches are evident throughout the mine 
areas.  
Primary sources of contamination include waste rock piles in the Shaft 
and Processing Area, Tailings North Tailings South, Capped Shafts, and 
Two Shafts area.  
Secondary sources include impacted soil, sediment and surface water in 
the mine footprint area.  
Shallow soil sampling confirmed heavy metal concentrations exceed 
ecological criteria but are below human health investigation levels. 

Known to be present 
at concentrations 
above the relevant 
ecological criteria 
(Section 4.6)  

Exposure pathway 
for ecological 
receptors are 
present, however 
localised. 

Medium  

Exploratory Works 
Development 

 Lobs Hole mine is considered to be a KNP geoheritage site. Most of the 
mine is either off site or beside the Yarrangobilly River which is within the 
project avoidance area. Other than the adit south (which is within the 
rock emplacement footprint), the mine will not be directly impacted by 
Exploratory Works and access to the mine area will be limited.  

Known to be present 
at concentrations 
above the relevant 
ecological criteria  

Exposure pathway 
for ecological 
receptors and 
human will be 
minimised through 
access control 

Low - Medium 
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6.5 AECs requiring further consideration 

The areas of environmental concern (AEC) that require further consideration to ensure that 
contamination risks associated with existing or potential contamination from Exploratory Works activities 
remain low are described below.  

6.5.1 Adit south 

The eastern rock emplacement area is to be constructed over the Lobs Hole mine adit south. Metal 
concentrations in the shallow soils, including arsenic, copper, nickel, and zinc, were measured at 
concentrations exceeding the relevant ecological investigation levels, but less than the applicable human 
health criteria.  

The final design of the rock emplacement areas will consider adit south. Suitable ground strategies will be 
developed and implemented prior to emplacement of any rock over the adit to restrict the pathways to 
ecological receptors.  

These works will include backfilling and trackroll of the adit prior to construction. Once this completed, 
the remaining eastern rock emplacement area would be stripped of its soil and vegetation to a depth of 
0.5 m below ground level. Once the soil has been stripped, the base of Lick Hole Gully will be lined with a 
1 m thick and 40 m wide AC limestone pad with the purpose to: 

• separate flow in Lick Hole Gully from the eastern rock emplacement under low flow conditions; and 

• passively treat impacted drainage from Lobs Hole Mine by encouraging the formation of metal 
hydroxides ie the metals would precipitate, reducing their concentrations in discharge entering the 
Yarrangobilly River.  

6.5.2 Lobs Hole shallow groundwater monitoring  

A shallow groundwater monitoring program of the colluviums and Ravine Beds will be established for the 
EIS. Shallow monitoring bores will be installed to better characterise shallow groundwater within the 
alluvium/colluvium observed on the river terraces of the Yarrangobilly River. Background, or up-gradient 
wells, would be installed at Lobs Hole to establish baseline conditions. 

Wells will also be installed both up and down gradient of the temporary rock emplacement area. These 
wells would form part of an operational monitoring program to characterise the existing hydrogeological 
setting and monitor potential impacts from the placement of excavated rock material.  

A groundwater well would also be installed down gradient of the adit south, within the footprint of the 
rock emplacement area to establish whether the historical operations around the adit south has impacted 
groundwater.  

Additional groundwater wells will be installed down gradient of Lobs Hole mine to characterise current 
groundwater conditions, and determine the degree of impact the mine has had to the area.  

If required, suitable remediation measures would be designed appropriately following the outcome of the 
assessments.  
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7 Mitigation and management  

Appropriate management measures would be designed and implemented for all aspects of Exploratory 
Works to minimise risks. Exploratory Works will be managed through a Construction Environmental 
Management Plan (CEMP). The CEMP would include erosion and sedimentation controls, and water 
quality management measures specific to each development area as described in the surface water 
assessment. 

7.1 Water quality 

The management plans will outline the storage and handling requirements to ensure that water quality 
control measures are in place prevent materials entering the environment and that no release of 
impacted water will enter the run off diversion systems.  

The drainage system in construction areas will be designed to reduce flow rates during rain events which 
would potentially scour the landscape. Containment measures and structures would be used to capture 
runoff from construction areas. Management strategies are outlined in the surface water assessment.  

Groundwater encountered by the tunnelling activities may contain suspended solids or increased pH due 
to the concreting activities. A water treatment plant would be constructed at the accommodation camp 
which would mitigate adverse water quality impacts arising from the discharge of untreated water to the 
nearby water courses. The groundwater and surface water collected would be managed and disposed in 
accordance with NSW EPA requirements. These requirements and management would be outlined in a 
surface water management plan will be prepared as part of the detailed design of the project. . 

7.2 Erosion and sediment controls 

Erosion and sediment control measures would be implemented and maintained to prevent sediment 
moving off site and to prevent sediment from entering the nearby water bodies. The CEMP will outline 
the erosion and sedimentation controls for the individual construction areas. The design will be checked 
and maintained on a regular basis. 

Control measures would not be removed until Exploratory Works construction is complete and the site 
rehabilitated. Disturbed areas would be re-vegetated following construction stages of the Project. 

7.3 Contaminated land 

A contaminated land management plan would be developed and prepared as part of the CEMP for the 
areas that are identified as potentially contaminated, or from any land contamination caused or created 
by the Project.  

This plan would be based on the AEC requiring further consideration, outlined in Chapter 5.5, and if 
needed, any consequent remediation strategies would be prepared. The CEMP would include procedures 
and controls applicable to managing contamination related impacts and would include details of the 
following, but not be limited to:  

• Procedures to identify potentially contaminated land, such as the identification of discolouration or 
staining of soils, visible signs of plant stress, presence of drums or other waste material, stockpiles 
or fill material, and odours.  
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• Identify indications of contamination, whether from known or unexpected sources, work within the 
areas would cease until a contamination assessment was prepared to advise the need for further 
investigation or a remediation strategy were appropriate. The investigation would determine the 
extent, magnitude, and type of contaminants.  

• A management plan will include the procedures for handling and storing waste rock, including 
handling of potentially or known contaminated material. The protocols for waste classification for 
the disposal of the material and tracking requirements would be outlined within the plan. Also, 
management procedures for segregating excavated rock and preventing cross-contamination of 
clean material with contaminated soil will be outlined.  

• Site specific asbestos management plans (AMPs) would be developed where known or suspected 
asbestos (natural or anthropogenic sourced) is present. The plans would be prepared to satisfy the 
SafeWork Australia Asbestos Codes of Practice and Guidance Notes, NSW legislative requirements 
and relevant Australian and New Zealand Standards (WA DoH 2009). The plans would include the 
proposed methodology for the safe remediation of the asbestos. Works would recommence 
following receipt of a validation report from a qualified contamination consultant that remediation 
activities had been completed in accordance with the proposed remediation strategy The AMPs 
would also include procedures for air monitoring, clearance inspections and reports. 

• An Unexpected Finds Protocol (UFP), in the event an unexpected find of contamination and/or 
odorous material is encountered during construction. Examples of an unexpected find may include 
soil discoloration, offensive odours, buried waste or asbestos containing material. 

• Outline the control measures required to divert or capture and limit exposure of surface runoff to 
the contaminated area.  

• All contamination investigations will be undertaken by a suitably qualified and experienced person 
in accordance with guidelines made or approved under the Contaminated Land Management Act 
1997.  

• Identify remediation and rehabilitation requirements, the waste classification and disposal 
requirements, and the subsequent validation criteria. 

Any assessment or management/remediation action would be undertaken in accordance with section 105 
of the CLM Act, and all contamination investigations must be undertaken by a suitably qualified and 
experienced person in accordance with guidelines made or approved under the CLM Act.  

Excavated material which is classified as contaminated, which is not suitable for reuse on site, would be 
transported to a disposal facility that is legally able to accept the material for reuse or disposal. The 
material would need to be classified and disposed of to an appropriately licensed facility in accordance 
with the Waste Classification Guidelines (NSW EPA 2014).  

Given that bulk stockpiles and the storage of fuels and chemicals are proposed within the construction 
pad, it will be ensured that all works are designed to Australian Standards and that all storage will be done 
at a distance of greater than 50 m from a watercourse (beyond the exclusion areas).  

All proposed oil / fuel storage bunds would be constructed and maintained in accordance with the Safe 
Work Australia (2017) National Standard for the Storage and Handling of Workplace Dangerous Goods 
and WorkCover NSW (2005) Storage and Handling of Dangerous Goods Code of Vehicles and machines 
would be properly maintained to minimise risk of fuel and oil leaks.  
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8 Conclusion 

This Phase 1 desktop contamination assessment was completed to support the Exploratory Works for 
Snowy 2.0. The assessment has identified areas of concern which will require management or further 
assessment during the construction stages of the Exploratory Works.  

In general, the risk to current site users and environmental receptors is considered to be low. Existing 
contamination has been identified in relation to historical operations in the area, primarily from a copper 
mine in Lobs Hole. The mine has adversely impacted the quality of the soil, surface water and sediment in 
the Yarrangobilly River within the mine footprint. A groundwater assessment at Lobs Hole mine has not 
been completed to date.  

Management of the identified ecological exceedances of the soil in the area of the adit south will be 
managed through suitable ground preparation strategies to be developed prior to emplacement of any 
excavated rock material. A baseline groundwater monitoring network will also be established in Lobs Hole 
to measure the background, or up-gradient, conditions, establish baseline conditions in the vicinity of the 
rock emplacement area footprints, and study what impact the former Lobs Hole mine has had on 
groundwater. Any remediation and rehabilitation options to be developed will align with the objectives 
and configurations of the later stages of Snowy 2.0 (operations and closure).  

The risk that Exploratory Works activities (including tunnel construction, road upgrades, development of 
barge facilities, storage and use of chemicals, fuels, and explosives etc) will adversely impact soil, 
groundwater and surface water will be mitigated through appropriate management procedures.  

A summary of the mitigation measures that would be implements for Exploratory Works to minimise and 
avoid impacts to land resources is provided in the EIS and Table 8.1 below. 

Table 8.1 Land resources mitigation and management measures 

Impact/risk Reference# Measures 

Impacts to soil 
resources 

SOIL01 Soil management procedures (including stripping, stockpiling and application) will be 
implemented as part of the CEMP. The objectives of soil management will be to: 

● preserve as much of the topsoil and subsoil as possible;  
● prevent contamination; 
● ensure soil is not degraded or compacted during construction and following 

reinstatement;  
● avoid or ameliorate subsoil constraints immediately below topsoils;  
● ensure topsoil is not mixed with unsuitable soil and spoil materials; and 
● ensure reinstatement of soil horizons in the correct order and depths. 

Erosion and 
sediment 
transport 

SOIL02 Erosion and sedimentation controls will be implemented as part of the Water 
Management Plan to minimise erosion potential, in particular in areas of dispersive soils, 
in accordance with the guideline Managing Urban Stormwater, Volume 2A Installation 
of Services, or equivalent. 
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Table 8.1 Land resources mitigation and management measures 

Impact/risk Reference# Measures 
Changes to 
landform and 
land use 

SOIL03 A Landscape Management Plan will be prepared for the rehabilitation of disturbed 
areas: The Plan will include: 

● objectives for landform rehabilitation at each site; 
● measures to ensure successful rehabilitation and stabilisation of soils; and 
● a soil balance to identify the depths and volume of soils to be re-applied in particular 

areas during rehabilitation. 

Compatibility of 
land use post-
Exploratory 
Works 

SOIL04 A Final Rehabilitation Strategy will be prepared to guide the long term rehabilitation of 
the site. Rehabilitation goals and objectives for the domains of the project area will be 
determined through the final land use.  

This strategy will be developed in consultation with NPWS and other relevant 
government agencies.  

Disturbance of 
existing 
contamination, 
including areas 
of naturally 
occurring 
asbestos 

CON01 A Contaminated Land Management Plan will be prepared and implemented during 
construction. The Plan will include: 

● management procedures to:  
- manage areas of known or potential contamination that would be impacted during 

Exploratory Works;  
- manage unexpected finds in the event that unexpected contamination sources are 

identified. This would include steps to cease works in the affected area, undertake 
further investigation to assess the extent, magnitude and type of contaminants and 
identify appropriate remedial actions. 

● Site specific asbestos management plan (AMP) for the identified 600 m section of 
Lobs Hole Ravine Road where there is potential for asbestos to occur. The plan would 
be prepared to satisfy the relevant legislative requirements and guidelines and 
include a procedure for the identification, testing and remediation of areas identified 
as containing asbestos. The AMP would also include procedures for air monitoring and 
clearance inspections and reports. 

Excavated rock 
management 

CON02 The eastern rock emplacement area will be constructed in accordance with the 
conceptual design presented in Appendix K.  

 CON03 An Excavated Rock Management Plan will be prepared and implemented during 
construction. The Plan will include: 

● protocols for handling, geochemical testing, classification, storage and 
disposal/placement of excavated rock will be implemented to ensure that excavated 
material is appropriately managed; and 

● monitoring measures to be included as part of the Surface and Groundwater 
Monitoring Program, to monitor potential impacts from the placement of excavated 
rock material.  
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Table 8.1 Land resources mitigation and management measures 

Impact/risk Reference# Measures 
Geodiversity 
and karst 
features 

GEO01 Measures to avoid and minimise impacts to geodiversity features will be implemented 
as part of the CEMP and include:  

● installing rock protection measures to protect identified periglacial features and limit 
direct and indirect impacts to the features as far as possible; 

● cataloguing any fossiliferous rock removed during upgrade of Lower Lobs Hole Ravine 
Road; 

● minimising surface water pollution within the Ravine karst catchment by installing 
erosion and sediment controls to manage water quantity and quality; and 

● monitoring the effectiveness of environmental controls during Exploratory Works. 
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Appendix A 

Historical Aerial Photographs 
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Conceptual layout and aerialimagery (2004)

TALBINGO ACCESS

LOBS HOLE

LOBS HOLE
RAVINE ROAD

Access road upgrade
Permanent bridge
Portal construction pad and
accommodation camp conceptual
layout
Exploratory tunnel
Communications cable
On land rock management

KEY

0 2.5 5
km



CAMP BRIDGE

WALLACES CREEK BRIDGE

ACCOMMODATION CAMP

ON LAND ROCK MANAGEMENT
PORTAL CONSTRUCTION PAD

RAVINE

´

\\E
mm

sv
r1\

em
m\

Jo
bs

\20
17

\J1
71

88
 - S

no
wy

 H
yd

ro 
2.0

\G
IS\

02
_M

ap
s\_

EIS
_E

W\
Te

ch
Re

po
rts

\_C
A\C

AW
01

0_
His

tor
ica

l19
90

_2
01

80
71

1_
03

.m
xd

 11
/07

/20
18

0 250 500
mSource: EMM (2018); Snowy Hydro (2018); SMEC (2018); Robert Bird (2018)

GDA 1994 MGA Zone 55

Snowy 2.0Contamination AssessmentExploratory WorksFigure A.4

Conceptual layout and aerialimagery (1990)
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Conceptual layout and aerialimagery (1980)
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Conceptual layout and aerialimagery (1972)
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Conceptual layout and aerialimagery (1961)
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Appendix B 

Parish Map of Ravine 

  



   

 PHASE 1 CONTAMINATION ASSESSMENT   

 



CAMP BRIDGE

ACCOMMODATION CAMP

ON LAND ROCK MANAGEMENT
PORTAL CONSTRUCTION PAD

RAVINE

´

\\E
mm

sv
r1\

em
m\

Jo
bs

\20
17

\J1
71

88
 - S

no
wy

 H
yd

ro 
2.0

\G
IS\

02
_M

ap
s\_

EIS
_E

W\
Te

ch
Re

po
rts

\_C
A\C

AW
01

2_
Ra

vin
eV

illa
ge

_2
01

80
71

1_
03

.m
xd

 11
/07

/20
18

0 250 500
mSource: EMM (2018); Snowy Hydro (2018); SMEC (2018); Robert Bird (2018)

GDA 1994 MGA Zone 55

Snowy 2.0Contamination AssessmentExploratory WorksFigure B.1

Ravine Village Map (1911)
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Appendix C 

Site Photos 
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  PHASE 1 CONTAMINATION ASSESSMENT 
 

Table C.1  Preliminary Site Inspection Photo Register  

Photo 1 

 

Shaft & processing area 
(facing west)  

Yarrangobilly River in 
foreground  

 

   

Photo 2 

 

Shaft & processing area 
(facing east) 

 

 

 

 

 

 

   

Photo 3  

 

Shaft & processing area 

Waste rock pile  

Facing west 

 



   

  PHASE 1 CONTAMINATION ASSESSMENT 
 

Table C.1  Preliminary Site Inspection Photo Register  

Photo 4 

 

Shaft in shaft and processing 
area 

 

   

Photo 5 

 

Tailings South (off site) 

 

 

Photo 6 

 

Backfilled bore in shaft & 
processing area 
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Table C.1  Preliminary Site Inspection Photo Register  

Photo 7 

 

Capped shafts (facing west) 

 

 

Photo 8 

 

Near the capped shafts 
(facing northwest) 

Proposed location of 
eastern rock emplacement 
on the left of this photo.  

 

 

Photo 9 

 

Adit south (facing north 
west) 

Areas of stressed vegetation 
and bare ground patches in 
foreground  
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Table C.1  Preliminary Site Inspection Photo Register 

Photo 10 

 

Ravine (Facing east) 

 

Photo 11 

 

Accommodation camp 
(facing north) 

 

Photo 12 

 

Recreation area at Talbingo 
Spillway (facing west) 

Adhoc campfire remnants 
on edge of reservoir. 
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Appendix D 

Soil sampling for verification of Phase 1 Contamination Assessment 
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1 Purpose of this report 

The Phase 1 Contamination Assessment (EMM 2018) was completed to support the EIS for the Exploratory 
Works. This memo details the preliminary field sampling program that was carried out to support the Phase 1 
assessment as well as provide a record of existing site conditions prior to construction (baseline) works 
associated with Exploratory Works.  

This memo includes: 

• identification of the historical site ownership, land use and zoning; 

• description of the current site condition and surrounding environment; 

• description of sampling methodologies including QA/QC; 

• analysis of results and the potential for contamination in the assessment area; and 

• recommendations and identification of any further assessment required. 

2 Site identification 

The site identification and current usage details are described in Table 1. 

Table 1 Site identification detail 

Site particulars  

Lot and Deposited Plan (DP) number Lot 3 DP750996, Lot 1-7 DP758870, Lot 7001 DP1056249 
and Crown Land 

Area Approximately 70 ha 
Local council Snowy Valleys Council 
Parish, County Cabramurra, Wallace 
Coordinates (MGA94) 626629E, 6038356 S (55H) 
Owner National Parks and Wildlife Services 
Current zoning E1 National Parks and Nature Reserves 
Current land use National Park 

 

Memorandum  

Suite 1, Level 4, 87 Wickham Terrace 
Spring Hill QLD 4000 

PO Box 10424, Adelaide Street 
Brisbane, QLD 4000 

T  +61 7 3839 1800 
F  +61 7 3839 1866 

E  info@emmconsulting.com.au 

www.emmconsulting.com.au  

 

26 June 2018 
 

Prepared by Nicholas Jamson and Sarah Silver 

 
Subject Soil sampling for verification of Phase 1 Contamination Assessment - Snowy Hydro 2.0 Exploratory 

Works 
    

http://www.emmconsulting.com.au/�
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The site is zoned as E1 National Parks and Nature Reserve under the Tumut Local Environmental Plan 2012. The 
objectives of E1 zoning are to: 

• enable the management and appropriate use of land that is reserved under the National Parks and Wildlife 
Act 1974 or that is acquired under Part 11 of that Act. 

• enable uses authorised under the National Parks and Wildlife Act 1974. 

• identify land that is to be reserved under the National Parks and Wildlife Act 1974 and to protect the 
environmental significance of that land. 

3 Site condition and surrounding environment 

A more detailed review of site the site condition and surrounding environment is provided in the Phase 1 
Contamination Assessment (EMM 2018). A summary is provided below. 

3.1 Site location 

The assessment area for the sampling program is situated in Lobs Hole and the surrounding areas. This area sits 
within the Kosciuszko National Park (KNP). 

3.2 Topography 

The slopes of the region are generally moderate to steep, with localised areas of lower grade, such as ridgelines, 
saddles, benches, and alluvium beside watercourses. Elevations typically range from around 550 to 1400 metres 
Australian Height Datum (AHD).  

Most of the area is characterised by north-east/south-west aligned ranges are incised by steep v-shaped gullies 
with stony beds, flowing to more open major watercourses with larger rocks and boulders, waterfalls and 
developed pool-riffle sequences.  

3.3 Regional geology 

The Ravine Beds are the primary geological unit to be intercepted by the exploratory tunnel and surface geology 
is dominated by Devonian to Silurian sedimentary units, comprising younger lava flows along steep escarpments 
within the Ravine incised area, giving way to older reef sediments within incised valley floors. Minor colluviums 
are present along the Yarrangobilly River floodplain terrace.  

The predominant underlying geology of this subregion are block faulted ranges and closed lake basins in Silurian 
and Devonian acid fine grained sedimentary and metamorphic rocks with some granites. Extensive areas of thin 
Tertiary basalt flows over lake and river sediments (NPWS 2003). 

The surficial geology in the area of Tumut 3 around the barge access in the north at Talbingo spillway is highly 
disturbed, consisting of spoil and fill materials (from construction of the Tumut 3 power station), existing 
infrastructure and roadways.   

3.4 Soils 

The main soil types identified in the Exploratory works Soil and Land Assessment (EMM 2018) are Basic Lithic 
Brown-Orthic Tenosols and Haplic Eutrophic Grey and Red Kandosols. The Tenosols occur on mid to upper slopes 
and crests of undulating hills on conglomereate, sandstone, siltstone, rhyolite and surface geology. They can also 
be derived from alluvium influence (juncture of Lobs Hole Road and Lobs Hole Ravine). The Kandosols occur on 
the lower slopes and flats of Lobs Hole Ravine (Red and Grey) on varying geology. Haplic A small pocket of Acidic 
Mesotrophic Red Dermosols also occurs in Lobs Hole Ravine, adjacent to the historical mine workings. This 
occurs on top of a small hill and is likely as a result of a geological outcrop. 



 J17188_Contamination_AppD_V2.0.docx Page 3  

3.4.1 Acid sulphate soils 

The Soil and Land Assessment (EMM 2018) confirmed that there is a very low probability of acid sulfate soils 
within the assessment area based on desktop review and field observations.  

3.5 Hydrology 

The Exploratory Works will be adjacent to the lower reach of Yarrangobilly River within the catchment of the 
Murrumbidgee River. The Yarrangobilly River is a major watercourse that flows into the Talbingo Reservoir 
approximately 1.5 km downstream of Lobs Hole. The Yarrangobilly River catchment is entirely within the KNP 
and is characterised by a range of subalpine grasslands and woodlands and montane dry sclerophyll forests.  

Other watercourses within proximity to the Exploratory Works project area include Stable Creek, Wallaces 
Creek, Cave Gully, Lick Hole and two unnamed first order water courses. All of these watercourses are tributaries 
to the Yarrangobilly River.  

3.6 Hydrogeology 

A regionally extensive weathered zone is assumed to exist over the older Ordovician to Devonian units, 
consisting of a mixture of colluviums, regolith and weathered basement rocks. Tertiary aged basalts also exist 
within this zone. Early field-based studies suggest that shallow groundwater exists within this zone and a strong 
downward hydraulic gradient is apparent, supporting the conceptualisation of a rainfall recharge based system. 
Groundwater quality is very fresh with a pH generally ranging from near neutral to slightly alkaline. 

In the vicinity of Lobs Hole, shallow quaternary colluviums were observed to be unsaturated during the drilling 
investigation program, which is likely to recharge during high rainfall and corresponding flooding events (. The 
underlying weathered siltstone (Ravine Beds) and rhyolite (Boraig Group) are thought to be low yielding (unless 
localised fractures are intercepted), and the water quality is fresh. Groundwater in the deeper, competent 
Ravine Beds has a lower horizontal hydraulic conductivity than the shallower groundwater systems, due to 
increasing overburden pressure. 

There are five bores located in the vicinity of Lobs Hole. Known details are outlined in the Phase 1 Contamination 
Assessment (EMM 2018). 

4 Field investigation 

Targeted soil samples were collected from the assessment area to assess the potential for existing 
contamination from historical activities. The results from the sampling also provide a record of site conditions 
prior to construction (baseline conditions).  

The soil sampling was undertaken on 17 April 2018 by a qualified EMM Soil Scientist. 

4.1 Data Quality Objectives 

In accordance with the USEPA (2006) Data Quality Assessment and the NSW EPA (2017) Guidelines for the NSW 
Site Auditor Scheme, the process of developing Data Quality Objectives (DQO) was used by the assessment team 
to determine the appropriate level of data quality needed for the specific data requirements of the project. The 
DQO process that was applied for this assessment is documented in Table 2. 

Table 2 Summary of data quality objectives (DQO) 

DQO steps (NSW DEC, 2006) US EPA (2006) (modified) Details 

1. State the problem 
Summarise the contamination problem 
that will require new environmental data, 
and identify the resources available to 

Give a concise description of the 
problem. Develop a conceptual model of 
the environmental hazard to be 
investigated. Identify resources available.  

The exploratory tunnel with the portal 
and construction pad would be located 
east of Lobs Hole with the construction 
pad and portal outside the tunnel at a 
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Table 2 Summary of data quality objectives (DQO) 

DQO steps (NSW DEC, 2006) US EPA (2006) (modified) Details 

resolve the problem; develop a 
conceptual site model. 

site along the Yarrangobilly River.  
Rock emplacement areas, construction 
compounds and the construction 
accommodation camp will occupy an area 
of about 300,000 m2 at Lobs Hole. Mine 
Trail Road will be upgraded and extended 
to provide a haul road for excavated rock. 
The site has historically been used for 
copper mining and housing the town of 
Ravine. Possible contamination could 
drive from this former site use including 
acid mine drainage, camping and 4WD 
activities (ie waste disposal, fuel leaks 
and spills, open fires and localised 
rubbish) and small scale localised grazing, 
horticultural, agriculture and/or waste 
activities.  

2. Identify the goal of the study (identify 
the decisions) 
Identify the decisions that need to be 
made on the contamination problem and 
the new environmental data required to 
make them. 

Identify principal study question(s). 
Consider alternative outcomes or actions 
that may result from answering the 
question(s). For decision problems, 
develop decision statement(s), organise 
multiple decisions. For estimations 
problems, state what needs to be 
estimated and key assumptions.  

Preliminary soil sampling is was 
conducted to complement the phase one 
contamination assessment and provide 
baseline data. Furthermore, this 
investigation will provide information to 
develop a decision on the site suitability 
for the intended development and guide 
further investigations. 

3. Identify information inputs (identify 
inputs to decision) 
Identify the information needed to 
support any decision and specify which 
inputs require new environmental 
measurements. 

Identify types and sources of information 
needed to resolve decisions or produce 
estimates. Identify the basis of 
information that will guide or support 
choices to be made in later steps of the 
DQO process. Select appropriate 
sampling and analysis methods for 
generating the information.  

The main inputs to the investigation 
include: 
National and NSW EPA guidelines under 
the NSW Contaminated Land Act 1997. 
10 targeted, hand-auger soil sample 
locations were selected. 
Laboratory analysis of soil samples. 

4. Define the boundaries of the study 
Specify the spatial and temporal aspects 
of the environmental media that the data 
must represent to support decision. 

Define the target land-use and receptors 
of interest and its relevant spatial 
boundaries. Define what constitutes a 
sampling unit. Specify temporal 
boundaries and other practical 
constraints associated with sample/data 
collection. Specify the smallest unit on 
which decisions or estimates will be 
made. 

The assessment area of this program 
occurs inside the exploratory works 
assessment area. From the juncture of 
Lobs Hole Road down into Lobs Hole 
Ravine. All the way east along Mine Trail 
Road to the edge of the early works 
assessment area. The assessment area 
extends as far west as the beginning of 
the road that connects Lobs Hole Ravine 
to the boat ramp/wharf area. 
Temporal – the findings of this program 
will hold true for as long as the site use 
remains passive in nature; that is; for as 
long as the site remains with its current 
use and there are no activities taking 
place onsite or immediately adjacent that 
may compromise onsite environmental 
conditions. 

5. Develop the analytic approach 
(develop a decision rule) 
To define the parameter of interest, 
specify the action level, and integrate 
previous DQO outputs into a single 
statement that describes a logical basis 
for choosing from alternative actions. 

Specify appropriate land-use parameters 
for making decisions or estimates. For 
decision problems, choose a workable 
action level and generate an “if then 
else” decision rule which involves it. For 
estimation problems, specify the 
methodology and the estimation 
procedure. 

The decision rules for the investigation 
were: 
If the concentrations of contaminants in 
the soils data exceed adopted land use 
criteria; then assess the need to further 
investigate the extent of impacts onsite 
and select appropriate remedial 
methods. 
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Table 2 Summary of data quality objectives (DQO) 

DQO steps (NSW DEC, 2006) US EPA (2006) (modified) Details 

Decision criteria for QA/QC measures are 
defined by the data quality indicators 
(DQI) (Section 4.2). 
 

6. Specify performance or acceptance 
criteria (specify limits on decision errors) 
Specify the decision-maker’s acceptable 
limits on decision errors, which are used 
to establish performance goals for 
limiting uncertainties in the data. 

For decision problems, specify the 
decision rule as a statistical hypothesis 
test, examine consequences of making 
incorrect decisions from the test, and 
place acceptable limits on the likelihood 
of making decision errors. For estimation 
problems, specify acceptable limits on 
estimation uncertainty. 

Specific limits for this assessment were in 
accordance with the NSW EPA guidelines, 
appropriate indicators of data quality and 
standard procedures for field sampling 
and handling. This should include the 
following points to quantify tolerable 
limits: 
A decision can be made based on a 
probability that 95% Upper Confidence 
Limits (UCL) of the data will satisfy the 
given site criteria. Therefore a limit on 
the decision error will be 5% that a 
conclusive statement may be incorrect. 

7. Develop the detailed plan for obtaining 
data (optimise the design for obtaining 
data) 
Identify the most resource-effective 
sampling and analysis design for general 
data that are expected to satisfy the 
DQOs. 

Compile all data and outputs generated 
in Steps 1 to 6. Use this information to 
identify alternative sampling designs that 
fit your intended use. Select and 
document a design that will yield data to 
best achieve your data quality.  

 
Soil samples will be collected at targeted 
locations to characterise the site’s 
suitability for the intended land use and 
guide further stage investigations. 

4.2 Data Quality Indicators (DQI) 

To ensure that the investigation data collected was of an acceptable quality, the investigation data set was 
assessed against the DQI outlined in Table 3, which related to both field and laboratory-based procedures. Data 
quality is analysed in Section 5. 

Table 3 Data Quality Indicators 

QA/QC Measures Data Quality Indicators 

Precision – A quantitative 
measure of the variability (or 
reproducibility) of data 

Data precision would be assessed by reviewing the performance of the blind field duplicate 
sample, through calculation of relative percentage differences (RPD). Data precision would 
be deemed acceptable if RPDs are found to be less than 30%. RPDs that exceed this range 
may be considered acceptable where: 
• results are less than 10 times the limits of reporting (LOR); 

• results are less than 20 times the LOR and the RPD is less than 50%; or 

• heterogeneous materials or volatile compounds are encountered.  

Accuracy – A quantitative 
measure of the closeness of 
reported data to the true value 

Data accuracy would be assessed through the analysis of: 
• method blanks, which are analysed for the analytes targeted in the primary samples; 

• matrix spike and matrix spike duplicate sample sets; and 

• laboratory control samples. 

Representativeness – The 
confidence (expressed 
qualitatively) that data are 
representative of the 
environmental medium 

To ensure the data produced by the laboratory is representative of conditions encountered 
in the field, the laboratory would carry out the following: 
• blank samples will be run in parallel with field samples to confirm there are no 

unacceptable instances of laboratory artefacts; 
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Table 3 Data Quality Indicators 

QA/QC Measures Data Quality Indicators 

• review of relative RPD values for field and laboratory duplicates to provide an 
indication that the samples are generally homogenous  

Completeness – A measure of the 
amount of usable data from a 
data collection activity 

Analytical data sets acquired during the assessment will be evaluated as complete, upon 
confirmation that: 
• standard operating procedures (SOPs) for sampling protocols were adhered to; and 

• copies of all COC documentation are presented, reviewed and found to be properly 
completed. 

It can therefore be considered whether the proportion of usable data gathered in the data 
collection activities is sufficient for the purposes of the Phase 1 assessment. 

Comparability – The confidence 
(expressed qualitatively) that 
data may be considered to be 
equivalent for each sampling and 
analytical event 

Issues of comparability between data sets are reduced through adherence to SOPs and 
regulator-endorsed or published guidelines and standards on each data gathering activity. 
In addition the data will be collected by experienced samplers and NATA-accredited 
laboratory methodologies will be employed in all laboratory testing programs. 

 

4.3 Sampling rationale 

The soil sampling was targeted to potential sources of contamination from historical activities and potential land 
use change areas affiliated with Exploratory Works. These include: 

• waste rock surrounding a backfilled shaft (known as ‘adit south’, not previously studied) as a source of acid 
mine drainage;  

• the Exploratory Works accommodation camp; 

• proposed fuel storage area at the Exploratory Works construction pad; and 

• historical activities related to the operations of the township of Ravine. 

The results from the sampling also provide a record of site conditions under the various infrastructure 
components prior to project commencement (baseline conditions).  

4.4 Method 

A total of ten soil samples were collected at ten targeted locations (Figure 1). A description of each sample 
location is provided in Table 4.  

It is acknowledged that the number of samples collected do not meet the minimum sampling points from 
Contaminated Sites Sampling Design Guidelines (NSW EPA 1995) as the purpose of this sampling event was to 
collect baseline information for the exploratory works EIS and not characterisation of a contaminated site. 

Shallow soil samples were collected from approximately 0.2-0.5 m bgl. The sample at Contamination 9 was taken 
from 0.1-0.3 m bgl due to refusal. 

All samples were analysed for the following analytes: 

• total metals (arsenic (As), barium (Ba), beryllium (Be), boron (B), cadmium (Cd), chromium (Cr), cobalt (Co), 
copper (Cu), lead (Pb), manganese (Mn), nickel (Ni), selenium (Se), vanadium (V), zinc (Zn), mercury (Hg)). 

• pH; 
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• total recoverable hydrocarbons (TRH)/ benzene, toluene, ethylbenzene and xylene (BTEX); 

• cation exchange capacity (CEC) and exchangeable cations (calcium (Ca), magnesium (Mg), sodium (Na), 
potassium (K)); and  

• salinity. 

Contamination 5, 6, 9 and 10 were analysed for asbestos (NEPM 500ml sample). Contamination 9 was also 
analysed for the net acid generation (NAG) and chromium suites which may include (subject to laboratory 
decision tree): 

• chromium reducible sulfur (CRS); 

• pHKCL and titratable actual acidity (TAA); 

• acid neutralising capacity (ANC); 

• SNAS (retained acidity); 

• pH (OX); and 

• NAG (pH 4.5) and NAG (pH 7.0). 
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Table 4  Soil sampling register 

Sample ID  Easting  Northing  Location description  Sample depth (m BGL)  Lithology 

Contamination 1 

 
625952  6039209  Accommodation Camp  0.2‐0.5  Clay loam, brown to light orange, common 

to many coarse fragments (5‐30mm), no 
odour, moderately moist. 

Contamination 2  625853  6039141  Accommodation Camp  0.2‐0.5  Clay loam, brown to light orange, common 
to many coarse fragments (5‐30mm), no 
odour, moderately moist. 

Contamination 3  625754  6039064  Historic/Existing Road and former 
public recreation area 

0.2‐0.5  Silty loam to clay loam, dark brown to pale 
brown, few coarse fragments (2‐10mm), 
moderately moist. 

Contamination 4  628025  6038806  EW Fuel Storage Area  0.2‐0.5  Loamy sand to silty loam, dark to grey 
brown, common coarse fragments (2‐
10mm), no odour, moderately moist. 

Contamination 5  626062  6038915  Ravine (east)  0.2‐0.5  Clay loam, brown to light orange, common 
coarse fragments (5‐30mm), no odour, 
moderately moist.  

Contamination 6  625986  6038853  Ravine (south)  0.2‐0.5  Clay loam, brown to light orange, common 
to many coarse fragments (5‐30mm), no 
odour, moderately moist. 

Contamination 7  626360  6038412  Background (stockpiles)  0.2‐0.5  Clay loam, light to dark brown, common 
coarse fragments (5‐30mm), no odour, 
moderately moist. 

Contamination 8  626487  6038600  Meteorology station (between 
stockpiles) 

0.2‐0.5  Silty to clay loam, light to dark brown, 
common coarse fragments (5‐30mm), no 
odour, moderately moist. 

Contamination 9  626535  6038293  Backfilled shaft  0.1‐0.3  Sandy loam, yellowish brown, abundant 
coarse fragments (5‐70mm), earthy odour, 
moderately moist. 

Contamination 10  626756  6038196  Former Lobs Hole mine  0.2‐0.5  Light clay, red, few coarse fragments (5‐
30mm), no odour, moderately moist.  
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Figure 1  Soil sample locations 
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4.4.1 Quality assurance and quality control measures 

The following quality assurance and quality control measures were undertaken to ensure the integrity of the 
collected data including:  

• recording all field activities, observations, sample locations (including duplicates) and field parameters;  

• strict chain of custody protocols with prepared sampling containers, preservation of labelled samples in ice-
cooled chests, and delivery to the laboratory as close to the relevant handling times as possible; 

• a blind duplicate sample was collected to measure the precision of the analytical procedure if contamination 
was found, noting the following: 

- BLIND DUPLICATE was a blind duplicate of primary sample Contamination 5  (0.2-0.5). 

• a trip blank to assess potential cross contamination and loss of volatiles during sampling and transport if 
contamination was found in other samples. 

4.5 Soil assessment criteria 

The Guideline on investigation levels for soil and groundwater (National Environment Protection Council 2013 
(NEPM 2013)) presents health-based and ecological investigation and screening levels for soil, groundwater and 
soil vapour. Screening levels provide consistency in the assessment of health and ecological risks of 
contamination.  

Specific screening levels are applied for types of land use each with different contamination exposure 
assumptions. The proposed final land use is a campground area. Accordingly, medium density living criteria were 
adopted for this investigation. 

4.5.1 Health-based assessment criteria 

Risk-based health investigation levels (HIL) were adopted for soil assessment criteria including selected organic 
and inorganic chemicals (NEPM 2013). Based on the current land use zoning (ie national park) and proposed 
future land use (construction site and accommodation camp), the strictest criteria were considered, assessing 
against Residential B investigation levels (HIL/HSL-B) and Recreational C investigation levels (HIL/HSL C) for 
assessing human health risk via the direct contact pathway.  

4.5.2 Ecological assessment criteria 

The ecological soil assessment criteria adopted for the assessment of contamination within the site included: 

• the ecological investigation levels (EIL) for the urban residential and public open space exposure (NEPM 
2013); and 

• the assessment of site contamination (ASC) ESL for fine grained soil in a urban residential and public open 
space exposure scenario (NEPM 2013). 

4.5.3 Acid mine drainage criteria 

Given its vicinity to the former Lobs Hole mine, Contamination 9 (0.1-0.3) was assessed as being either 
potentially acid forming (PAF) or non acid forming (NAF) based on their net acid production potential (NAPP) and 
net acid generation pH (NAGpH) results. The NAG test involves the reaction of a sample with hydrogen peroxide 
to rapidly oxidise any sulfides. It therefore incorporates both acid-generation and acid-neutralisation reactions 
giving a net result of the amount of acid released. The preliminary screening criteria based on NAG and NAPP 
data were taken from The Preventing Acid and Metalliferous Drainage Leading Practice Sustainable Development 
Program For The Mining Industry (DFAT 2016). These are shown in Table 5. 
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Table 5 Preliminary screening criteria based on NAPP and NAG test data 

Primary Geochemical Material Type NAPP (kg H2SO4/t) NAG pH 

PAF >10 <4.5 
PAF – low capacity (PAF-LC) 0-10 <4.5 
NAF Negative ≥4.5 
Acid-consuming (AC) Less than -100 ≥4.5 
Uncertain (UC) Positive ≥4.5 

Negative ≤4.5 
  

 

5 Investigation results 

5.1 Field observations 

Soil samples were obtained via hand augering down to a maximum depth of 0.5 m bgl. All examined samples 
were evaluated on a qualitative basis for signs of contamination including: 

• disturbed, coloured or stained soil; 

• asbestos fragments; 

• bare soil patches; 

• unusual odour (eg hydrocarbon odour); and 

• sheens on water surfaces. 

Evidence of past contaminating activities were also evaluated, including fuel or chemical spills or leaks or 
storages,  and rubbish piles in camping areas. 

No signs of contamination or contaminating activities were observed during the sampling program. 

5.2 Quality assurance and Quality control 

5.2.1 Laboratory (quality assurance and control) 

The following observations were made with respect to the laboratory-based quality control (QC) measures: 

• the following were within the laboratory acceptance range: 

- the surrogate spike recoveries; and 

- the Laboratory Control Spike (LCS) recoveries. 

• matrix spike (MS) recoveries were within laboratory acceptance range with the exception of: 

- Contamination 9 (0.1-0.3) where MS recovery was not determined because background levels of 
Arsenic was greater than or equal to 4x the spike level. 

• The laboratory duplicate analysis RPD values were within laboratory limits with the exception of: 
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- Contamination 9 (0.1-0.3) for As and Mn where MS recovery was not determined because 
background levels of Arsenic was greater than or equal to 4x the spike level. 

• method blank results were all below the laboratory limit of reporting (LOR); and 

• no quality control sample frequency outliers exist with the exception of Contamination 9 (0.1-0.3) As, Mn 
and Ni spikes. 

• RPD’s for the BLIND DUPLICATE sample were all within accepted limits. 

• no matrix spike recoveries occur with the exception of Contamination 9 (0.1-0.3) As.  

The laboratory QA/QC outliers were considered to be relatively minor with consideration of the typical 
heterogeneity encountered in soil samples. Accordingly, the laboratory QA/QC results were considered to be 
acceptable, and indicate that the reported data are suitable for interpretive use and as the basis for site 
management decisions. 

5.3 Laboratory results 

A summary of laboratory results is presented in Table 5. Acid base account and NAGpH results for Contamination 
9 (0.1-0.3) are displayed in Table 6. More detailed tabulations of results showing the tested concentrations for 
individual samples against the adopted soil criteria are presented in Appendix A. The laboratory reporting is 
presented as Appendix B.  

Table 6 Summary of soil analytical results 

Number of samples Analyte Minimum 
concentration (mg/kg) 

Maximum 
concentration (mg/kg) 

Sample locations 
exceeding 
investigation levels 

 Petroleum Hydrocarbons    

10 
C6-C10 Fraction  minus 
BTEX (F1) 

<10 <10 None 

10 >C16-C34 Fraction <10 <10 None 
10 >C34-C40 Fraction <10 <10 None 

10 
>C10 - C16 Fraction minus 
Naphthalene (F2) 

<10 <10 None 

 BTEXN    
10 Benzene <10 <10 None 
10 Toluene <10 <10 None 
10 Ethylbenzene <10 <10 None 
10 Total Xylenes <10 <10 None 
10 Naphthalene <10 <10 None 
 Asbestos    
4 Asbestos Detected No No None 
 Total metals    
10 Arsenic <5 222 LH_CONT_09  (0.1-0.3) 
10 Beryllium <1 1 None 
10 Boron <50 <50 None 
10 Cadmium <1 <1 None 
10 Chromium 10 46 None 
10 Cobalt <2 22 None 
10 Copper <5 202 Contamination 9 (0.1-

0.3), Contamination 10 
(0.2-0.5) 

10 Lead <5 56 None 
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Table 6 Summary of soil analytical results 

Number of samples Analyte Minimum 
concentration (mg/kg) 

Maximum 
concentration (mg/kg) 

Sample locations 
exceeding 
investigation levels 

10 Manganese 12 2820 None 
10 Nickel <2 63 Contamination 1 (0.2-

0.5), Contamination 9 
(0.1-0.3) 

10 Selenium <5 <5 None 
10 Zinc <5 56 None 
10 Mercury <0.1 0.1 None 

 

Table 7 Soil acid base account and NAGpH results 

Anlytes Unit Contam 9 (0.1-0.3m) 

CRS % 0.123 
MPA kg H2SO4/t 3.76 
ANC kg H2SO4/t 0 
NAPP kg H2SO4/t 3.76 
Classification based on NAPP only  PAF-LC 
NAG (pH4.5) kg H2SO4/t <0.1 
NAH (pH7) kg H2SO4/t 1.3 
NAG pH pH unit 4.8 
NAG kg H2SO4/t <-1.3 
Classification based on NAPP and NAG 
pH 

 UC 

 

5.3.1 Metals 

Appendix A shows that all metal concentrations were below the corresponding HIL-B guidelines. Exceedences of 
ecological investigation levels (EILs) were detected for copper at Contamination 9 (0.1-0.3) and Contamination 
10 (0.2-0.5); nickel at Contamination 1 (0.2-0.5) and Contamination 9 (0.1-0.3) and arsenic at Contamination 
(0.1-0.3). It is worth noting that arsenic at Contamination (0.1-0.3) is substantially higher than any other sample 
tested.  

5.3.2 Petroleum hydrocarbons 

Appendix A shows that all samples were below the corresponding guidelines and laboratory limits. 

5.3.3 BTEXN 

Appendix A shows that all samples were below the corresponding guidelines and laboratory limits. 

5.3.4 Asbestos 

Appendix A shows that no asbestos was detected in any of the samples analysed. 

5.3.5 Chromium suite and NAG testing 

Contamination 9 (0.1-0.3) has a NAPP of 3.76 kg H2SO4/t.  
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The sample has a NAG pH of >4.5. The sample was back titrated back to pH 4.5 and pH 7 to determine the 
relative contributions of each component of acidity. At pH 4.5, acidity includes free acid (ie H2SO4) as well as 
soluble Fe and Al. The acidity value at pH 7 also includes metallic ions that precipitate as hydroxides at pH’s 
between 4.5-7. Comparison of the NAGpH 4 and NAGpH 7 values demonstrate that the majority of acidity 
present can be attributed to metallic ions that precipitate as hydroxides at pH’s between 4.5-7. 

This combined NAG pH and NAPP gives the sample a UC classification. Further testing is required to determine 
whether the waste rock is NAF or PAF. 

6 Conclusion 

The field sampling program was completed to support the Phase 1 Contamination Assessment (EMM 2018) 
which was carried out as part of the EIS for the Exploratory Works. The sampling program was targeted to 
potential sources of contamination from historical activities and to provide baseline conditions before project 
commencement. Waste rock surrounding a backfilled shaft was also sampled as a source of acid mine drainage.  

The results of the sampling program demonstrated limited potential for contamination onsite and no 
measureable risks to human health. Select samples had concentrations of nickel, arsenic and copper above the 
relevant EILs. There were no signs of contamination or contamination activities during the survey. The waste 
rock at Contamination 9 (0.1-0.3) yielded an uncertain classification and would require further investigation to 
determine whether it is PAF or NAF. 

Accordingly, this preliminary sampling program did not identify significant contamination issues that would 
preclude the proposed future land use. 

The conclusions in this report are subject to the limitations and spatial constraints of the investigation; including 
that no groundwater quality data was collected. 
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Appendix A 

Soil laboratory summary tables 

 

 

 

 

  



Analytes units

LOR

NEPM HIL / 
HSL (B)

0-<1 m, clay

NEPM HIL / HSL 
(C) 

0-<1 m, clay

NEMP EIL / ESL 
(urban 

residential and 
public open 

space) 

NEPM EIL / ESL 
(areas of ecological 

significance)
Management Limits

Contam 1
0.2-0.5

Contam 2
0.2-0.5

Contam 3
0.2-0.5

Contam 4
0.2-0.5

Contam 5
0.2-0.5

Contam 6
0.2-0.5

Contam 7
0.2-0.5

Contam 8
0.2-0.5

Contam 9
0.1-0.3

Contam 
10

0.2-0.5

Moisture Content

Moisture Content (dried @ 103°C) % 1 - - - - - 9.7 14.5 6.8 8.3 7.2 7.7 11.9 13.5 6.7 13.5

Total Metals 

Arsenic mg/kg 5 500 300 100 40 - 28 17 8 6 10 14 10 <5 222 13

Barium mg/kg 10 - - - - - 60 100 140 820 90 270 110 90 180 60

Beryllium mg/kg 1 90 90 - - - <1 <1 <1 1 <1 1 <1 <1 <1 <1

Boron mg/kg 50 40000 20000 - - - <50 <50 <50 <50 <50 <50 <50 <50 <50 <50

Cadmium mg/kg 1 150 90 - - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Chromium mg/kg 2 500 300 - - - 46 39 31 16 29 40 14 14 10 23

Cobalt mg/kg 2 600 300 - - - 14 12 10 7 7 14 <2 <2 22 <2

Copper mg/kg 5 30000 17000 95 30 - 50 38 17 28 11 25 <5 8 164 202

Lead mg/kg 5 1200 600 1100 470 - 18 25 19 9 15 38 <5 11 56 15

Manganese mg/kg 5 14000 19000 - - - 226 398 420 636 143 2820 12 103 261 38

Nickel mg/kg 2 1200 1200 30 5 - 38 16 30 15 11 22 <2 4 63 5

Selenium mg/kg 5 1400 700 - - - <5 <5 <5 <5 <5 <5 <5 <5 <5 <5

Vanadium mg/kg 5 - - - - - 37 45 20 15 34 30 14 18 10 39

Zinc mg/kg 5 60000 30000 180 40 - 53 36 56 19 30 31 <5 9 46 22

Mercury mg/kg 0.1 120 80 - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 <0.1

Total Petroleum Hydrocarbons

C6 - C9 Fraction mg/kg 10 - - - - - <10 <10 <10 <10 <10 <10 <10 <10 <10 <10

C10 - C14 Fraction mg/kg 50 - - - - - <50 <50 <50 <50 <50 <50 <50 <50 <50 <50

C15 - C28 Fraction mg/kg 100 - - - - - <100 <100 <100 <100 <100 <100 <100 <100 <100 <100

C29 - C36 Fraction mg/kg 100 - - - - - <100 <100 <100 <100 <100 <100 <100 <100 <100 <100

C10 - C36 Fraction (sum) mg/kg 50 - - - - - <50 <50 <50 <50 <50 <50 <50 <50 <50 <50

Total Recoverable Hydrocarbons - NEPM 2013 Fractions

C6 - C10 Fraction mg/kg 10 - - - - - <10 <10 <10 <10 <10 <10 <10 <10 <10 <10

C6 - C10 Fraction  minus BTEX (F1) mg/kg 10 50 NL 180 125 800 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10

>C10 - C16 Fraction mg/kg 50 - - - - - <50 <50 <50 <50 <50 <50 <50 <50 <50 <50

>C16 - C34 Fraction mg/kg 100 - - 1300 - 3500 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100

>C34 - C40 Fraction mg/kg 100 - - 5600 - 10000 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100

>C10 - C40 Fraction (sum) mg/kg 50 - - - - - <50 <50 <50 <50 <50 <50 <50 <50 <50 <50

>C10 - C16 Fraction minus Naphthalene (F2) mg/kg 50 280 NL 120 25 1000 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50

BTEXN

Benzene mg/kg 0.2 0.7 NL 65 10 - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2

Toluene mg/kg 0.5 480 NL 105 65 - <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

Ethylbenzene mg/kg 0.5 NL NL 125 40 - <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

meta- & para-Xylene mg/kg 0.5 - - - - - <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

ortho-Xylene mg/kg 0.5 - - - - - <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

Total Xylenes mg/kg 0.5 110 NL 45 1.6 - <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

Sum of BTEX mg/kg 0.2 - - - - - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2

Naphthalene mg/kg 1 5 NL 170 10 - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Chromium suite

pH KCL pH units 0.1 - - - - - - - - - - - - - 5.2 -
Titratable Actual Acidity mole H+ / t 2 - - - - - - - - - - - - - 8 -
Sulfidic - Titratable Actual Acidity % pyrite S 0.02 - - - - - - - - - - - - - <0.02 -
Chromium Reducible Sulfur % S 0.005 - - - - - - - - - - - - - 0.123 -
ANC Fineness Factor - 0.5 - - - - - - - - - - - - - 1.5 -
Net Acidity (sulfur units) % S 0.02 - - - - - - - - - - - - - 0.14 -
Net acidity (acidity units) mole H+ / t 10 - - - - - - - - - - - - - 84 -
Liming Rate kg CaCO3/t 1 - - - - - - - - - - - - - 6 -
Net Acidity excluding ANC (sulfur units) % S 0.02 - - - - - - - - - - - - - 0.14 -

Summary Table 1 Soil analytical results



Analytes units

LOR

NEPM HIL / 
HSL (B)

0-<1 m, clay

NEPM HIL / HSL 
(C) 

0-<1 m, clay

NEMP EIL / ESL 
(urban 

residential and 
public open 

space) 

NEPM EIL / ESL 
(areas of ecological 

significance)
Management Limits

Contam 1
0.2-0.5

Contam 2
0.2-0.5

Contam 3
0.2-0.5

Contam 4
0.2-0.5

Contam 5
0.2-0.5

Contam 6
0.2-0.5

Contam 7
0.2-0.5

Contam 8
0.2-0.5

Contam 9
0.1-0.3

Contam 
10

0.2-0.5

Summary Table 1 Soil analytical results

Net Acidity excluding ANC (acidity units) mole H+ / t 10 - - - - - - - - - - - - - 84 -
Liming Rate excluding ANC kg CaCO3/t 1 - - - - - - - - - - - - - 6 -
NAG -

pH (OX) pH units 0.1 - - - - - - - - - - - - - 4.8 -
NAG (pH 4.5) kg H2SO4/t 0.1 - - - - - - - - - - - - - <0.1 -
NAG (pH 7.0) kg H2SO4/t 0.1 - - - - - - - - - - - - - 1.3 -
NAG kg H2SO4/t 0.1 - - - - - - - - - - - - - 1.3 -
Asbestos

Asbestos Detected g/kg 0.1 Present - - - - - - - - No No - - No No

Asbestos (Trace) Fibres 5 - - - - - - - - - No No - - No No

Asbestos Type - - - - - - - - - - - - - - - - -

Physico-chemical -

pH (1:5 soil:water) pH units 0.1 - - - - - 6 6.2 6.3 6.2 6.3 6.2 5.4 5.9 5.2 4.9

Cation exchange capacity meq/100g 0.1 - - - - - 3.4 5.3 4.6 6.8 4.1 4.9 0.6 2.7 2.2 4.3

Total soluble salts mg/kg 5 - - - - - 29 21 19 38 28 21 26 41 111 84

exceedance of NEPM EIL / ESL (areas of ecological significance)

55 exceedance of NEPM EIL / ESL (urban residential and public open space) 

55 exceedance of NEPM HIL / HSL (C) 

exceedance of NEPM HIL / HSL (B) 

National Environment Protection Council (NEPC) (Assessment of Site Contamination) Measure 1999 (as amended in 2013a), Schedule B1 Guideline on Investigation Levels for Soil and Groundwater.
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Appendix B 

Soil laboratory report 

 

 

 

 





True

Environmental

QA/QC Compliance Assessment to assist with Quality Review
Work Order : ES1811373 Page : 1 of 8

:: LaboratoryClient Environmental Division SydneyEMM CONSULTING PTY LTD

:Contact MS KYLIE DRAPALA Telephone : +61-2-8784 8555

:Project Snowy Hydro 2.0 Early Works - Contamination Date Samples Received : 20-Apr-2018

Site : ---- Issue Date : 30-Apr-2018

NICK JAMSON:Sampler No. of samples received : 14

:Order number No. of samples analysed : 13

This report is automatically generated by the ALS LIMS through interpretation of the ALS Quality Control Report and several Quality Assurance parameters measured by ALS. This automated 

reporting highlights any non-conformances, facilitates faster and more accurate data validation and is designed to assist internal expert and external Auditor review. Many components of this 

report contribute to the overall DQO assessment and reporting for guideline compliance. 

 

Brief method summaries and references are also provided to assist in traceability.

Summary of Outliers

Outliers : Quality Control Samples

This report highlights outliers flagged in the Quality Control (QC) Report.

l NO Method Blank value outliers occur.

l NO Laboratory Control outliers occur.

l Duplicate outliers exist - please see following pages for full details.

l Matrix Spike outliers exist - please see following pages for full details.

l For all regular sample matrices, NO  surrogate recovery outliers occur.

Outliers : Analysis Holding Time Compliance

l Analysis Holding Time Outliers exist - please see following pages for full details.

Outliers : Frequency of Quality Control Samples

l NO Quality Control Sample Frequency Outliers exist.

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R



2 of 8:Page

Work Order :

:Client

ES1811373

EMM CONSULTING PTY LTD

Snowy Hydro 2.0 Early Works - Contamination:Project

Outliers : Quality Control Samples

Duplicates, Method Blanks, Laboratory Control Samples and Matrix Spikes

Matrix: SOIL

Compound Group Name CommentLimitsDataAnalyteClient Sample IDLaboratory Sample ID CAS Number

Duplicate (DUP) RPDs 

ES1811373--009 7440-38-2ArsenicContam 9 - 0.1-0.3 RPD exceeds LOR based limits0% - 20%35.9 %EG005T: Total Metals by ICP-AES

ES1811373--009 7439-96-5ManganeseContam 9 - 0.1-0.3 RPD exceeds LOR based limits0% - 20%56.2 %EG005T: Total Metals by ICP-AES

ES1811247--007 7439-96-5ManganeseAnonymous RPD exceeds LOR based limits0% - 20%31.0 %EG005T: Total Metals by ICP-AES

ES1811373--009 7440-02-0NickelContam 9 - 0.1-0.3 RPD exceeds LOR based limits0% - 20%36.4 %EG005T: Total Metals by ICP-AES

Matrix Spike (MS) Recoveries 

ES1811373--009 7440-38-2ArsenicContam 9 - 0.1-0.3 MS recovery not determined, 

background level greater than or 

equal to 4x spike level.

----Not 

Determined

EG005T: Total Metals by ICP-AES

Outliers : Analysis Holding Time Compliance

Matrix: SOIL

AnalysisExtraction / Preparation

Date analysedDate extractedContainer / Client Sample ID(s) Days 

overdue

Days 

overdue

Due for extraction Due for analysis

Method

EA002 : pH (Soils)

Soil Glass Jar - Unpreserved

26-Apr-201824-Apr-2018Contam 1- 0.2-0.5, Contam 2 - 0.2-0.5,

Contam 3 - 0.2-0.5, Contam 4 - 0.2-0.5,

Contam 5 - 0.2-0.5, Contam 6 - 0.2-0.5,

Contam 7 - 0.2-0.5, Contam 8 - 0.2-0.5,

Contam 9 - 0.1-0.3, Contam 10 - 0.2-0.5

27-Apr-201826-Apr-2018 2 1

Analysis Holding Time Compliance

Holding times for VOC in soils vary according to analytes of interest.  Vinyl Chloride and Styrene holding time is 7 days; others 14 days.  A recorded breach does not guarantee a breach for all VOC analytes and 

should be verified in case the reported breach is a false positive or Vinyl Chloride and Styrene are not key analytes of interest/concern.

Holding time for leachate methods (e.g. TCLP) vary according to the analytes reported.  Assessment compares the leach date with the shortest analyte holding time for the equivalent soil method. These are: organics 

14 days, mercury 28 days & other metals 180 days.  A recorded breach does not guarantee a breach for all non-volatile parameters.

If samples are identified below as having been analysed or extracted outside of recommended holding times, this should be taken into consideration when interpreting results.

This report summarizes extraction / preparation and analysis times and compares each with ALS recommended holding times (referencing USEPA SW 846, APHA, AS and NEPM) based on the sample container 

provided.  Dates reported represent first date of extraction or analysis and preclude subsequent dilutions and reruns. A listing of breaches (if any) is provided herein.

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

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
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Matrix: SOIL Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

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

EA002 : pH (Soils)

Soil Glass Jar - Unpreserved (EA002)

Contam 1- 0.2-0.5, Contam 2 - 0.2-0.5,

Contam 3 - 0.2-0.5, Contam 4 - 0.2-0.5,

Contam 5 - 0.2-0.5, Contam 6 - 0.2-0.5,

Contam 7 - 0.2-0.5, Contam 8 - 0.2-0.5,

Contam 9 - 0.1-0.3, Contam 10 - 0.2-0.5

26-Apr-201824-Apr-2018 27-Apr-201826-Apr-201817-Apr-2018 û û

EA033-A: Actual Acidity

80* dried soil (EA033)

Contam 9 - 0.1-0.3 28-Jul-201817-Apr-2019 29-Apr-201829-Apr-201817-Apr-2018 ü ü
EA033-B: Potential Acidity

80* dried soil (EA033)

Contam 9 - 0.1-0.3 28-Jul-201817-Apr-2019 29-Apr-201829-Apr-201817-Apr-2018 ü ü
EA033-C: Acid Neutralising Capacity

80* dried soil (EA033)

Contam 9 - 0.1-0.3 28-Jul-201817-Apr-2019 29-Apr-201829-Apr-201817-Apr-2018 ü ü
EA033-D: Retained Acidity

80* dried soil (EA033)

Contam 9 - 0.1-0.3 28-Jul-201817-Apr-2019 29-Apr-201829-Apr-201817-Apr-2018 ü ü
EA033-E: Acid Base Accounting

80* dried soil (EA033)

Contam 9 - 0.1-0.3 28-Jul-201817-Apr-2019 29-Apr-201829-Apr-201817-Apr-2018 ü ü
EA055: Moisture Content (Dried @ 105-110°C)

Soil Glass Jar - Unpreserved (EA055)

Contam 1- 0.2-0.5, Contam 2 - 0.2-0.5,

Contam 3 - 0.2-0.5, Contam 4 - 0.2-0.5,

Contam 5 - 0.2-0.5, Contam 6 - 0.2-0.5,

Contam 7 - 0.2-0.5, Contam 8 - 0.2-0.5,

Contam 9 - 0.1-0.3, Contam 10 - 0.2-0.5

01-May-2018---- 24-Apr-2018----17-Apr-2018 ---- ü

EA200: AS 4964 - 2004 Identification of Asbestos in Soils

Snap Lock Bag (EA200)

Contam 5 - 0.2-0.5, Contam 6 - 0.2-0.5,

Contam 9 - 0.1-0.3, Contam 10 - 0.2-0.5

14-Oct-2018---- 24-Apr-2018----17-Apr-2018 ---- ü

EA200N: Asbestos Quantification (non-NATA)

Snap Lock Bag (EA200N)

Contam 5 - 0.2-0.5, Contam 6 - 0.2-0.5,

Contam 9 - 0.1-0.3, Contam 10 - 0.2-0.5

14-Oct-2018---- 24-Apr-2018----17-Apr-2018 ---- ü
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Matrix: SOIL Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

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

ED007: Exchangeable Cations

Soil Glass Jar - Unpreserved (ED007)

Contam 2 - 0.2-0.5, Contam 3 - 0.2-0.5,

Contam 4 - 0.2-0.5, Contam 5 - 0.2-0.5,

Contam 6 - 0.2-0.5, Contam 7 - 0.2-0.5,

Contam 8 - 0.2-0.5, Contam 9 - 0.1-0.3,

Contam 10 - 0.2-0.5

15-May-201815-May-2018 30-Apr-201830-Apr-201817-Apr-2018 ü ü

ED008: Exchangeable Cations

Soil Glass Jar - Unpreserved (ED008)

Contam 1- 0.2-0.5 15-May-201815-May-2018 30-Apr-201830-Apr-201817-Apr-2018 ü ü
EG005T: Total Metals by ICP-AES

Soil Glass Jar - Unpreserved (EG005T)

Contam 1- 0.2-0.5, Contam 2 - 0.2-0.5,

Contam 3 - 0.2-0.5, Contam 4 - 0.2-0.5,

Contam 5 - 0.2-0.5, Contam 6 - 0.2-0.5,

Contam 7 - 0.2-0.5, Contam 8 - 0.2-0.5,

Contam 9 - 0.1-0.3, Contam 10 - 0.2-0.5

14-Oct-201814-Oct-2018 26-Apr-201826-Apr-201817-Apr-2018 ü ü

EG035T:  Total Recoverable Mercury by FIMS

Soil Glass Jar - Unpreserved (EG035T)

Contam 1- 0.2-0.5, Contam 2 - 0.2-0.5,

Contam 3 - 0.2-0.5, Contam 4 - 0.2-0.5,

Contam 5 - 0.2-0.5, Contam 6 - 0.2-0.5,

Contam 7 - 0.2-0.5, Contam 8 - 0.2-0.5,

Contam 9 - 0.1-0.3, Contam 10 - 0.2-0.5

15-May-201815-May-2018 27-Apr-201826-Apr-201817-Apr-2018 ü ü

EP080/071: Total Petroleum Hydrocarbons

Soil Glass Jar - Unpreserved (EP080)

TRIP BLANK, TS 3,

TSC 3

29-Apr-201829-Apr-2018 23-Apr-201823-Apr-201815-Apr-2018 ü ü

Soil Glass Jar - Unpreserved (EP080)

Contam 1- 0.2-0.5, Contam 2 - 0.2-0.5,

Contam 3 - 0.2-0.5, Contam 4 - 0.2-0.5,

Contam 5 - 0.2-0.5, Contam 6 - 0.2-0.5,

Contam 7 - 0.2-0.5, Contam 8 - 0.2-0.5,

Contam 9 - 0.1-0.3, Contam 10 - 0.2-0.5

01-May-201801-May-2018 23-Apr-201823-Apr-201817-Apr-2018 ü ü

Soil Glass Jar - Unpreserved (EP071)

Contam 1- 0.2-0.5, Contam 2 - 0.2-0.5,

Contam 3 - 0.2-0.5, Contam 4 - 0.2-0.5,

Contam 5 - 0.2-0.5, Contam 6 - 0.2-0.5,

Contam 7 - 0.2-0.5, Contam 8 - 0.2-0.5,

Contam 9 - 0.1-0.3, Contam 10 - 0.2-0.5

02-Jun-201801-May-2018 24-Apr-201823-Apr-201817-Apr-2018 ü ü
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Matrix: SOIL Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

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

EP080/071: Total Recoverable Hydrocarbons - NEPM 2013 Fractions

Soil Glass Jar - Unpreserved (EP080)

TRIP BLANK, TS 3,

TSC 3

29-Apr-201829-Apr-2018 23-Apr-201823-Apr-201815-Apr-2018 ü ü

Soil Glass Jar - Unpreserved (EP080)

Contam 1- 0.2-0.5, Contam 2 - 0.2-0.5,

Contam 3 - 0.2-0.5, Contam 4 - 0.2-0.5,

Contam 5 - 0.2-0.5, Contam 6 - 0.2-0.5,

Contam 7 - 0.2-0.5, Contam 8 - 0.2-0.5,

Contam 9 - 0.1-0.3, Contam 10 - 0.2-0.5

01-May-201801-May-2018 23-Apr-201823-Apr-201817-Apr-2018 ü ü

Soil Glass Jar - Unpreserved (EP071)

Contam 1- 0.2-0.5, Contam 2 - 0.2-0.5,

Contam 3 - 0.2-0.5, Contam 4 - 0.2-0.5,

Contam 5 - 0.2-0.5, Contam 6 - 0.2-0.5,

Contam 7 - 0.2-0.5, Contam 8 - 0.2-0.5,

Contam 9 - 0.1-0.3, Contam 10 - 0.2-0.5

02-Jun-201801-May-2018 24-Apr-201823-Apr-201817-Apr-2018 ü ü

EP080: BTEXN

Soil Glass Jar - Unpreserved (EP080)

TRIP BLANK, TS 3,

TSC 3

29-Apr-201829-Apr-2018 23-Apr-201823-Apr-201815-Apr-2018 ü ü

Soil Glass Jar - Unpreserved (EP080)

Contam 1- 0.2-0.5, Contam 2 - 0.2-0.5,

Contam 3 - 0.2-0.5, Contam 4 - 0.2-0.5,

Contam 5 - 0.2-0.5, Contam 6 - 0.2-0.5,

Contam 7 - 0.2-0.5, Contam 8 - 0.2-0.5,

Contam 9 - 0.1-0.3, Contam 10 - 0.2-0.5

01-May-201801-May-2018 23-Apr-201823-Apr-201817-Apr-2018 ü 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(were) 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: SOIL 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 2013 B3 & ALS QC Standard 14.29  10.002 14 üChromium Suite for Acid Sulphate Soils EA033

NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üExchangeable Cations ED007

NEPM 2013 B3 & ALS QC Standard 100.00  10.001 1 üExchangeable Cations with pre-treatment ED008

NEPM 2013 B3 & ALS QC Standard 10.00  10.004 40 üMoisture Content EA055

NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üpH (1:5) EA002

NEPM 2013 B3 & ALS QC Standard 10.26  10.004 39 üTotal Mercury by FIMS EG035T

NEPM 2013 B3 & ALS QC Standard 10.26  10.004 39 üTotal Metals by ICP-AES EG005T

NEPM 2013 B3 & ALS QC Standard 10.00  10.001 10 üTRH - Semivolatile Fraction EP071

NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTRH Volatiles/BTEX EP080

Laboratory Control Samples (LCS)

NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üChromium Suite for Acid Sulphate Soils EA033

NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üExchangeable Cations ED007

NEPM 2013 B3 & ALS QC Standard 100.00  5.001 1 üExchangeable Cations with pre-treatment ED008

NEPM 2013 B3 & ALS QC Standard 5.13  5.002 39 üTotal Mercury by FIMS EG035T

NEPM 2013 B3 & ALS QC Standard 5.13  5.002 39 üTotal Metals by ICP-AES EG005T

NEPM 2013 B3 & ALS QC Standard 10.00  5.001 10 üTRH - Semivolatile Fraction EP071

NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTRH Volatiles/BTEX EP080

Method Blanks (MB)

NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üChromium Suite for Acid Sulphate Soils EA033

NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üExchangeable Cations ED007

NEPM 2013 B3 & ALS QC Standard 100.00  5.001 1 üExchangeable Cations with pre-treatment ED008

NEPM 2013 B3 & ALS QC Standard 5.13  5.002 39 üTotal Mercury by FIMS EG035T

NEPM 2013 B3 & ALS QC Standard 5.13  5.002 39 üTotal Metals by ICP-AES EG005T

NEPM 2013 B3 & ALS QC Standard 10.00  5.001 10 üTRH - Semivolatile Fraction EP071

NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTRH Volatiles/BTEX EP080

Matrix Spikes (MS)

NEPM 2013 B3 & ALS QC Standard 5.13  5.002 39 üTotal Mercury by FIMS EG035T

NEPM 2013 B3 & ALS QC Standard 5.13  5.002 39 üTotal Metals by ICP-AES EG005T

NEPM 2013 B3 & ALS QC Standard 10.00  5.001 10 üTRH - Semivolatile Fraction EP071

NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTRH Volatiles/BTEX EP080



7 of 8:Page

Work Order :

:Client

ES1811373

EMM CONSULTING PTY LTD

Snowy Hydro 2.0 Early Works - Contamination:Project

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

In house: Referenced to Rayment and Lyons 4A1 and APHA 4500H+.  pH is determined on soil samples after a 

1:5 soil/water leach. This method is compliant with NEPM (2013) Schedule B(3)

pH (1:5) EA002 SOIL

In house:  The concentration of Total Soluble Salts in a soil is calculated from the Electrical conductivity of a water 

extract. This method is compliant with NEPM (2013) Schedule B(3) (Method 104)

Total Soluble Salts EA014 SOIL

In house: Referenced to Ahern et al 2004.  This method covers the determination of Chromium Reducible Sulfur 

(SCR); pHKCl; titratable actual acidity (TAA); acid neutralising capacity by back titration (ANC); and net acid 

soluble sulfur (SNAS) which incorporates peroxide sulfur. It applies to soils and sediments (including sands) 

derived from coastal regions.  Liming Rate is based on results for samples as submitted and incorporates a 

minimum safety factor of 1.5.

Chromium Suite for Acid Sulphate Soils EA033 SOIL

In house:  A gravimetric procedure based on weight loss over a 12 hour drying period at 105-110 degrees C.  

This method is compliant with NEPM (2013) Schedule B(3) Section 7.1 and Table 1 (14 day holding time).

Moisture Content EA055 SOIL

AS 4964 - 2004 Method for the qualitative identification of asbestos in bulk samples

Analysis by Polarised Light Microscopy including dispersion staining

Asbestos Identification in Soils EA200 SOIL

Asbestos Classification and Quantitation per NEPM 2013 with Confirmation of Identification by AS 4964 - 2004

Gravimetric determination of Asbestos Containing Material, Fibrous Asbestos, Asbestos Fines and sample 

weight and calculation of percentage concentrations per NEPM protocols. Asbestos (Fines and Fibrous FA+AF) 

is reported as the equivalent weight in the sample received after accounting for sub-sampling (where applicable 

for the <7mm and/or <2mm fractions).

Asbestos Classification and 

Quantitation per NEPM 2013

* EA200N SOIL

In house: Referenced to Rayment & Lyons (2011) Method 15A1. Cations are exchanged from the sample by 

contact with Ammonium Chloride.  They are then quantitated in the final solution by ICPAES and reported as 

meq/100g of original soil. This method is compliant with NEPM (2013) Schedule B(3) (Method 301)

Exchangeable Cations ED007 SOIL

In house: Referenced to Rayment & Higginson (2011) Method 15A2. Soluble salts are removed from the sample 

prior to analysis.  Cations are exchanged from the sample by contact with Ammonium Chloride.  They are then 

quantitated in the final solution by ICPAES and reported as meq/100g of original soil. This method is compliant 

with NEPM (2013) Schedule B(3) (Method 301)

Exchangeable Cations with 

pre-treatment

ED008 SOIL

In house: Referenced to APHA 3120; USEPA SW 846 - 6010.  Metals are determined following an appropriate 

acid digestion of the soil.  The ICPAES technique ionises samples in a plasma, emitting a characteristic 

spectrum based on metals present.  Intensities at selected wavelengths are compared against those of matrix 

matched standards. This method is compliant with NEPM (2013) Schedule B(3)

Total Metals by ICP-AES EG005T SOIL

In house: Referenced to AS 3550, APHA 3112 Hg - B (Flow-injection (SnCl2) (Cold Vapour generation) AAS)  

FIM-AAS is an automated flameless atomic absorption technique. Mercury in solids are determined following an 

appropriate acid digestion. 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 (2013) Schedule B(3)

Total Mercury by FIMS EG035T SOIL

In house: Referenced to USEPA SW 846 - 8015A  Sample extracts are analysed by Capillary GC/FID and 

quantified against alkane standards over the range C10 - C40. Compliant with NEPM amended 2013.

TRH - Semivolatile Fraction EP071 SOIL
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Analytical Methods Method DescriptionsMatrixMethod

In house: Referenced to USEPA SW 846 - 8260B.  Extracts are analysed by Purge and Trap, Capillary GC/MS. 

Quantification is by comparison against an established  5 point calibration curve. Compliant with NEPM 

amended 2013.

TRH Volatiles/BTEX EP080 SOIL

Preparation Methods Method DescriptionsMatrixMethod

In house: Referenced to Rayment & Higginson (1992) method 15A1.  A 1M NH4Cl extraction by end over end 

tumbling at a ratio of 1:20.  There is no pretreatment for soluble salts.  Extracts can be run by ICP for cations.

Exchangeable Cations Preparation 

Method

ED007PR SOIL

In houseDrying at 85 degrees, bagging and 

labelling (ASS)

EN020PR SOIL

10 g of soil is mixed with 50 mL of reagent grade water and tumbled end over end for 1 hour.  Water soluble salts 

are leached from the soil by the continuous suspension.  Samples are settled and the water filtered off for 

analysis.

1:5 solid / water leach for soluble 

analytes

EN34 SOIL

In house: Referenced to USEPA 200.2.  Hot Block Acid Digestion  1.0g of sample is heated with Nitric and 

Hydrochloric acids, then cooled.  Peroxide is added and samples heated and cooled again before being filtered 

and bulked to volume for analysis.  Digest is appropriate for determination of selected metals in sludge, 

sediments, and soils. This method is compliant with NEPM (2013) Schedule B(3) (Method 202)

Hot Block Digest for metals in soils 

sediments and sludges

EN69 SOIL

In house: Referenced to USEPA SW 846 - 5030A.  5g of solid is shaken with surrogate and 10mL methanol prior 

to analysis by Purge and Trap -  GC/MS.

Methanolic Extraction of Soils for Purge 

and Trap

ORG16 SOIL

In house:  Mechanical agitation (tumbler). 10g of sample, Na2SO4 and surrogate are extracted with 30mL 1:1 

DCM/Acetone by end over end tumble.  The solvent is decanted, dehydrated and concentrated (by KD) to the 

desired volume for analysis.

Tumbler Extraction of Solids ORG17 SOIL
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:: LaboratoryClient Environmental Division SydneyEMM CONSULTING PTY LTD

:Contact MS KYLIE DRAPALA :Contact Customer Services ES

:Address Ground Floor Suite 1 20 Chandos Street

St Leonards NSW NSW 2065

Address : 277-289 Woodpark Road Smithfield NSW Australia 2164

::Telephone 07 3839 1800 +61-2-8784 8555:Telephone

:Project Snowy Hydro 2.0 Early Works - Contamination Date Samples Received : 20-Apr-2018

:Order number Date Analysis Commenced : 23-Apr-2018

:C-O-C number ---- Issue Date : 30-Apr-2018

Sampler : NICK JAMSON

Site : ----

Quote number : EN/222/17

No. of samples received 14:

No. of samples analysed 13:

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

This 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

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

Signatories Accreditation CategoryPosition

Ankit Joshi Inorganic Chemist Sydney Inorganics, Smithfield, NSW

Dian Dao Sydney Inorganics, Smithfield, NSW
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Rassem Ayoubi Senior Organic Chemist Sydney Organics, Smithfield, NSW

Sanjeshni Jyoti Senior Chemist Volatiles Sydney Organics, Smithfield, NSW

Satishkumar Trivedi Senior Acid Sulfate Soil Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

Shaun Spooner Asbestos Identifier Newcastle - Asbestos, Mayfield West, NSW

Wisam Marassa Inorganics Coordinator Sydney Inorganics, Smithfield, NSW
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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 :

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: SOIL Laboratory Duplicate (DUP) Report

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

EA002 : pH (Soils)  (QC Lot: 1592310)

EA002: pH Value ---- 0.1 pH Unit 4.9 4.9 0.00 0% - 20%Contam 10 - 0.2-0.5 ES1811373-010

EA002: pH Value ---- 0.1 pH Unit 6.3 6.3 0.00 0% - 20%Anonymous ES1811264-060

EA033-A: Actual Acidity  (QC Lot: 1600345)

EA033: sulfidic - Titratable Actual Acidity (s-23F) ---- 0.02 % pyrite S 0.02 <0.02 0.00 No LimitAnonymous ES1811365-024

EA033: Titratable Actual Acidity (23F) ---- 2 mole H+ / t 13 12 0.00 No Limit

EA033: pH KCl (23A) ---- 0.1 pH Unit 5.7 5.7 0.00 0% - 20%

EA033: sulfidic - Titratable Actual Acidity (s-23F) ---- 0.02 % pyrite S <0.02 <0.02 0.00 No LimitAnonymous ES1811563-002

EA033: Titratable Actual Acidity (23F) ---- 2 mole H+ / t <2 <2 0.00 No Limit

EA033: pH KCl (23A) ---- 0.1 pH Unit 8.5 8.5 0.00 0% - 20%

EA033-B: Potential Acidity  (QC Lot: 1600345)

EA033: Chromium Reducible Sulfur (22B) ---- 0.005 % S 2.55 2.74 7.35 0% - 20%Anonymous ES1811365-024

EA033: acidity - Chromium Reducible Sulfur 

(a-22B)

---- 10 mole H+ / t 1590 1710 7.35 0% - 20%

EA033: Chromium Reducible Sulfur (22B) ---- 0.005 % S 0.010 0.010 0.00 No LimitAnonymous ES1811563-002

EA033: acidity - Chromium Reducible Sulfur 

(a-22B)

---- 10 mole H+ / t <10 <10 0.00 No Limit

EA055: Moisture Content (Dried @ 105-110°C)  (QC Lot: 1590950)

EA055: Moisture Content ---- 0.1 % 12.8 12.5 2.46 0% - 50%Anonymous ES1811372-024

EA055: Moisture Content ---- 0.1 % 6.8 6.7 0.00 No LimitContam 3 - 0.2-0.5 ES1811373-003

EA055: Moisture Content (Dried @ 105-110°C)  (QC Lot: 1590951)

EA055: Moisture Content ---- 0.1 % 29.8 31.3 4.96 0% - 20%Anonymous ES1811521-002

EA055: Moisture Content ---- 0.1 % 8.1 7.9 2.58 No LimitAnonymous ES1811595-002

ED007: Exchangeable Cations  (QC Lot: 1605762)

ED007: Exchangeable Sodium Percent ---- 0.1 % <0.1 <0.1 0.00 No LimitAnonymous ES1811372-025
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Sub-Matrix: SOIL Laboratory Duplicate (DUP) Report

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

ED007: Exchangeable Cations  (QC Lot: 1605762)  - continued

ED007: Exchangeable Calcium ---- 0.1 meq/100g 2.5 2.5 0.00 0% - 20%Anonymous ES1811372-025

ED007: Exchangeable Magnesium ---- 0.1 meq/100g 0.7 0.7 0.00 No Limit

ED007: Exchangeable Potassium ---- 0.1 meq/100g 0.3 0.3 0.00 No Limit

ED007: Exchangeable Sodium ---- 0.1 meq/100g <0.1 <0.1 0.00 No Limit

ED007: Cation Exchange Capacity ---- 0.1 meq/100g 3.6 3.6 0.00 0% - 20%

ED007: Exchangeable Sodium Percent ---- 0.1 % <0.1 <0.1 0.00 No LimitContam 3 - 0.2-0.5 ES1811373-003

ED007: Exchangeable Calcium ---- 0.1 meq/100g 2.8 2.7 0.00 0% - 20%

ED007: Exchangeable Magnesium ---- 0.1 meq/100g 1.6 1.6 0.00 0% - 50%

ED007: Exchangeable Potassium ---- 0.1 meq/100g 0.2 0.2 0.00 No Limit

ED007: Exchangeable Sodium ---- 0.1 meq/100g <0.1 <0.1 0.00 No Limit

ED007: Cation Exchange Capacity ---- 0.1 meq/100g 4.6 4.5 2.93 0% - 20%

ED008: Exchangeable Cations  (QC Lot: 1603629)

ED008: Exchangeable Sodium Percent ---- 0.1 % <0.1 <0.1 0.00 0% - 20%Contam 1- 0.2-0.5 ES1811373-001

ED008: Exchangeable Calcium ---- 0.1 meq/100g 1.6 1.6 0.00 0% - 20%

ED008: Exchangeable Magnesium ---- 0.1 meq/100g 1.3 1.3 0.00 0% - 20%

ED008: Exchangeable Potassium ---- 0.1 meq/100g 0.5 0.5 0.00 0% - 20%

ED008: Exchangeable Sodium ---- 0.1 meq/100g <0.1 <0.1 0.00 0% - 20%

ED008: Cation Exchange Capacity ---- 0.1 meq/100g 3.4 3.3 0.00 0% - 20%

EG005T: Total Metals by ICP-AES  (QC Lot: 1596185)

EG005T: Beryllium 7440-41-7 1 mg/kg <1 <1 0.00 No LimitAnonymous EM1806354-092

EG005T: Cadmium 7440-43-9 1 mg/kg <1 <1 0.00 No Limit

EG005T: Barium 7440-39-3 10 mg/kg 50 40 0.00 No Limit

EG005T: Chromium 7440-47-3 2 mg/kg 31 32 0.00 0% - 50%

EG005T: Cobalt 7440-48-4 2 mg/kg 12 8 40.3 No Limit

EG005T: Nickel 7440-02-0 2 mg/kg 17 16 10.8 No Limit

EG005T: Arsenic 7440-38-2 5 mg/kg <5 <5 0.00 No Limit

EG005T: Copper 7440-50-8 5 mg/kg 12 13 0.00 No Limit

EG005T: Lead 7439-92-1 5 mg/kg 18 17 7.52 No Limit

EG005T: Manganese 7439-96-5 5 mg/kg 337 333 1.05 0% - 20%

EG005T: Selenium 7782-49-2 5 mg/kg <5 <5 0.00 No Limit

EG005T: Vanadium 7440-62-2 5 mg/kg 46 47 3.46 No Limit

EG005T: Zinc 7440-66-6 5 mg/kg 24 24 0.00 No Limit

EG005T: Boron 7440-42-8 50 mg/kg <50 <50 0.00 No Limit

EG005T: Beryllium 7440-41-7 1 mg/kg <1 <1 0.00 No LimitAnonymous ES1811247-007

EG005T: Cadmium 7440-43-9 1 mg/kg <1 <1 0.00 No Limit

EG005T: Barium 7440-39-3 10 mg/kg 60 90 33.2 No Limit

EG005T: Chromium 7440-47-3 2 mg/kg 10 16 46.3 No Limit

EG005T: Cobalt 7440-48-4 2 mg/kg 9 9 0.00 No Limit

EG005T: Nickel 7440-02-0 2 mg/kg 13 10 18.3 No Limit

EG005T: Arsenic 7440-38-2 5 mg/kg 7 5 21.0 No Limit
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EG005T: Total Metals by ICP-AES  (QC Lot: 1596185)  - continued

EG005T: Copper 7440-50-8 5 mg/kg 30 29 4.54 No LimitAnonymous ES1811247-007

EG005T: Lead 7439-92-1 5 mg/kg 31 21 35.8 No Limit

EG005T: Manganese 7439-96-5 5 mg/kg 127 # 173 31.0 0% - 20%

EG005T: Selenium 7782-49-2 5 mg/kg <5 <5 0.00 No Limit

EG005T: Vanadium 7440-62-2 5 mg/kg 38 42 12.1 No Limit

EG005T: Zinc 7440-66-6 5 mg/kg 68 53 25.3 0% - 50%

EG005T: Boron 7440-42-8 50 mg/kg <50 <50 0.00 No Limit

EG005T: Total Metals by ICP-AES  (QC Lot: 1596186)

EG005T: Beryllium 7440-41-7 1 mg/kg <1 <1 0.00 No LimitContam 9 - 0.1-0.3 ES1811373-009

EG005T: Cadmium 7440-43-9 1 mg/kg <1 <1 0.00 No Limit

EG005T: Barium 7440-39-3 10 mg/kg 180 120 44.2 0% - 50%

EG005T: Chromium 7440-47-3 2 mg/kg 10 5 57.4 No Limit

EG005T: Cobalt 7440-48-4 2 mg/kg 22 19 14.7 0% - 50%

EG005T: Nickel 7440-02-0 2 mg/kg 63 # 91 36.4 0% - 20%

EG005T: Arsenic 7440-38-2 5 mg/kg 222 # 154 35.9 0% - 20%

EG005T: Copper 7440-50-8 5 mg/kg 164 175 6.11 0% - 20%

EG005T: Lead 7439-92-1 5 mg/kg 56 42 28.2 0% - 50%

EG005T: Manganese 7439-96-5 5 mg/kg 261 # 146 56.2 0% - 20%

EG005T: Selenium 7782-49-2 5 mg/kg <5 <5 0.00 No Limit

EG005T: Vanadium 7440-62-2 5 mg/kg 10 21 69.4 No Limit

EG005T: Zinc 7440-66-6 5 mg/kg 46 44 2.89 No Limit

EG005T: Boron 7440-42-8 50 mg/kg <50 <50 0.00 No Limit

EG005T: Beryllium 7440-41-7 1 mg/kg <1 <1 0.00 No LimitAnonymous ES1811415-010

EG005T: Cadmium 7440-43-9 1 mg/kg <1 <1 0.00 No Limit

EG005T: Barium 7440-39-3 10 mg/kg 50 40 0.00 No Limit

EG005T: Chromium 7440-47-3 2 mg/kg 23 23 0.00 0% - 50%

EG005T: Cobalt 7440-48-4 2 mg/kg 17 15 8.30 No Limit

EG005T: Nickel 7440-02-0 2 mg/kg 12 12 0.00 No Limit

EG005T: Arsenic 7440-38-2 5 mg/kg <5 <5 0.00 No Limit

EG005T: Copper 7440-50-8 5 mg/kg 56 53 5.59 0% - 50%

EG005T: Lead 7439-92-1 5 mg/kg 9 9 0.00 No Limit

EG005T: Manganese 7439-96-5 5 mg/kg 663 648 2.28 0% - 20%

EG005T: Selenium 7782-49-2 5 mg/kg <5 <5 0.00 No Limit

EG005T: Vanadium 7440-62-2 5 mg/kg 138 140 1.16 0% - 20%

EG005T: Zinc 7440-66-6 5 mg/kg 70 65 7.61 0% - 50%

EG005T: Boron 7440-42-8 50 mg/kg <50 <50 0.00 No Limit

EG035T:  Total Recoverable Mercury by FIMS  (QC Lot: 1596184)

EG035T: Mercury 7439-97-6 0.1 mg/kg <0.1 <0.1 0.00 No LimitAnonymous EM1806354-092

EG035T: Mercury 7439-97-6 0.1 mg/kg <0.1 <0.1 0.00 No LimitAnonymous ES1811247-007

EG035T:  Total Recoverable Mercury by FIMS  (QC Lot: 1596187)
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EG035T:  Total Recoverable Mercury by FIMS  (QC Lot: 1596187)  - continued

EG035T: Mercury 7439-97-6 0.1 mg/kg 0.1 <0.1 0.00 No LimitContam 9 - 0.1-0.3 ES1811373-009

EG035T: Mercury 7439-97-6 0.1 mg/kg <0.1 <0.1 0.00 No LimitAnonymous ES1811415-010

EP080/071: Total Petroleum Hydrocarbons  (QC Lot: 1586039)

EP071: C15 - C28 Fraction ---- 100 mg/kg <100 <100 0.00 No LimitContam 1- 0.2-0.5 ES1811373-001

EP071: C29 - C36 Fraction ---- 100 mg/kg <100 <100 0.00 No Limit

EP071: C10 - C14 Fraction ---- 50 mg/kg <50 <50 0.00 No Limit

EP080/071: Total Petroleum Hydrocarbons  (QC Lot: 1586430)

EP080: C6 - C9 Fraction ---- 10 mg/kg <10 <10 0.00 No LimitContam 1- 0.2-0.5 ES1811373-001

EP080: C6 - C9 Fraction ---- 10 mg/kg <10 <10 0.00 No LimitAnonymous ES1811511-009

EP080/071: Total Recoverable Hydrocarbons - NEPM 2013 Fractions  (QC Lot: 1586039)

EP071: >C16 - C34 Fraction ---- 100 mg/kg <100 <100 0.00 No LimitContam 1- 0.2-0.5 ES1811373-001

EP071: >C34 - C40 Fraction ---- 100 mg/kg <100 <100 0.00 No Limit

EP071: >C10 - C16 Fraction ---- 50 mg/kg <50 <50 0.00 No Limit

EP080/071: Total Recoverable Hydrocarbons - NEPM 2013 Fractions  (QC Lot: 1586430)

EP080: C6 - C10 Fraction C6_C10 10 mg/kg <10 <10 0.00 No LimitContam 1- 0.2-0.5 ES1811373-001

EP080: C6 - C10 Fraction C6_C10 10 mg/kg <10 <10 0.00 No LimitAnonymous ES1811511-009

EP080: BTEXN  (QC Lot: 1586430)

EP080: Benzene 71-43-2 0.2 mg/kg <0.2 <0.2 0.00 No LimitContam 1- 0.2-0.5 ES1811373-001

EP080: Toluene 108-88-3 0.5 mg/kg <0.5 <0.5 0.00 No Limit

EP080: Ethylbenzene 100-41-4 0.5 mg/kg <0.5 <0.5 0.00 No Limit

EP080: meta- & para-Xylene 108-38-3 

106-42-3

0.5 mg/kg <0.5 <0.5 0.00 No Limit

EP080: ortho-Xylene 95-47-6 0.5 mg/kg <0.5 <0.5 0.00 No Limit

EP080: Naphthalene 91-20-3 1 mg/kg <1 <1 0.00 No Limit

EP080: Benzene 71-43-2 0.2 mg/kg <0.2 <0.2 0.00 No LimitAnonymous ES1811511-009

EP080: Toluene 108-88-3 0.5 mg/kg <0.5 <0.5 0.00 No Limit

EP080: Ethylbenzene 100-41-4 0.5 mg/kg <0.5 <0.5 0.00 No Limit

EP080: meta- & para-Xylene 108-38-3 

106-42-3

0.5 mg/kg <0.5 <0.5 0.00 No Limit

EP080: ortho-Xylene 95-47-6 0.5 mg/kg <0.5 <0.5 0.00 No Limit

EP080: Naphthalene 91-20-3 1 mg/kg <1 <1 0.00 No Limit
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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 Spike (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: SOIL Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EA033-A: Actual Acidity  (QCLot: 1600345)

EA033: pH KCl (23A) ---- ---- pH Unit ---- 1044.6 pH Unit 13070

EA033: Titratable Actual Acidity (23F) ---- 2 mole H+ / t <2 92.117.7 mole H+ / t 13070

EA033: sulfidic - Titratable Actual Acidity (s-23F) ---- 0.02 % pyrite S <0.02 -------- --------

EA033-B: Potential Acidity  (QCLot: 1600345)

EA033: Chromium Reducible Sulfur (22B) ---- 0.005 % S <0.005 89.90.25483 % S 13070

EA033: acidity - Chromium Reducible Sulfur (a-22B) ---- 10 mole H+ / t <10 -------- --------

ED007: Exchangeable Cations  (QCLot: 1605762)

ED007: Exchangeable Calcium ---- 0.1 meq/100g <0.1 94.01 meq/100g 12076

ED007: Exchangeable Magnesium ---- 0.1 meq/100g <0.1 93.41.67 meq/100g 11575

ED007: Exchangeable Potassium ---- 0.1 meq/100g <0.1 88.20.51 meq/100g 12080

ED007: Exchangeable Sodium ---- 0.1 meq/100g <0.1 85.00.87 meq/100g 12080

ED007: Cation Exchange Capacity ---- 0.1 meq/100g <0.1 -------- --------

ED007: Exchangeable Sodium Percent ---- 0.1 % <0.1 -------- --------

ED008: Exchangeable Cations  (QCLot: 1603629)

ED008: Exchangeable Calcium ---- 0.1 meq/100g <0.1 98.01 meq/100g 12882

ED008: Exchangeable Magnesium ---- 0.1 meq/100g <0.1 89.81.67 meq/100g 12082

ED008: Exchangeable Potassium ---- 0.1 meq/100g <0.1 87.50.51 meq/100g 14070

ED008: Exchangeable Sodium ---- 0.1 meq/100g <0.1 93.00.87 meq/100g 13678

ED008: Exchangeable Sodium Percent ---- 0.1 % <0.1 -------- --------

ED008: Cation Exchange Capacity ---- 0.1 meq/100g <0.1 -------- --------

EG005T: Total Metals by ICP-AES  (QCLot: 1596185)

EG005T: Arsenic 7440-38-2 5 mg/kg <5 10321.7 mg/kg 12686

EG005T: Barium 7440-39-3 10 mg/kg <10 95.4143 mg/kg 11585

EG005T: Beryllium 7440-41-7 1 mg/kg <1 1105.63 mg/kg 11390

EG005T: Boron 7440-42-8 50 mg/kg <50 -------- --------

EG005T: Cadmium 7440-43-9 1 mg/kg <1 99.74.64 mg/kg 11383

EG005T: Chromium 7440-47-3 2 mg/kg <2 86.743.9 mg/kg 12876

EG005T: Cobalt 7440-48-4 2 mg/kg <2 10016 mg/kg 12088

EG005T: Copper 7440-50-8 5 mg/kg <5 10032 mg/kg 12086

EG005T: Lead 7439-92-1 5 mg/kg <5 98.740 mg/kg 11480

EG005T: Manganese 7439-96-5 5 mg/kg <5 100130 mg/kg 11785

EG005T: Nickel 7440-02-0 2 mg/kg <2 98.955 mg/kg 12387

EG005T: Selenium 7782-49-2 5 mg/kg <5 1005.37 mg/kg 13175

EG005T: Vanadium 7440-62-2 5 mg/kg <5 10429.6 mg/kg 12292
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Sub-Matrix: SOIL Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EG005T: Total Metals by ICP-AES  (QCLot: 1596185)  - continued

EG005T: Zinc 7440-66-6 5 mg/kg <5 11160.8 mg/kg 12280

EG005T: Total Metals by ICP-AES  (QCLot: 1596186)

EG005T: Arsenic 7440-38-2 5 mg/kg <5 98.821.7 mg/kg 12686

EG005T: Barium 7440-39-3 10 mg/kg <10 91.0143 mg/kg 11585

EG005T: Beryllium 7440-41-7 1 mg/kg <1 1075.63 mg/kg 11390

EG005T: Boron 7440-42-8 50 mg/kg <50 -------- --------

EG005T: Cadmium 7440-43-9 1 mg/kg <1 97.84.64 mg/kg 11383

EG005T: Chromium 7440-47-3 2 mg/kg <2 86.443.9 mg/kg 12876

EG005T: Cobalt 7440-48-4 2 mg/kg <2 98.316 mg/kg 12088

EG005T: Copper 7440-50-8 5 mg/kg <5 93.832 mg/kg 12086

EG005T: Lead 7439-92-1 5 mg/kg <5 93.240 mg/kg 11480

EG005T: Manganese 7439-96-5 5 mg/kg <5 95.5130 mg/kg 11785

EG005T: Nickel 7440-02-0 2 mg/kg <2 97.755 mg/kg 12387

EG005T: Selenium 7782-49-2 5 mg/kg <5 80.95.37 mg/kg 13175

EG005T: Vanadium 7440-62-2 5 mg/kg <5 10129.6 mg/kg 12292

EG005T: Zinc 7440-66-6 5 mg/kg <5 11260.8 mg/kg 12280

EG035T:  Total Recoverable Mercury by FIMS  (QCLot: 1596184)

EG035T: Mercury 7439-97-6 0.1 mg/kg <0.1 87.02.57 mg/kg 10570

EG035T:  Total Recoverable Mercury by FIMS  (QCLot: 1596187)

EG035T: Mercury 7439-97-6 0.1 mg/kg <0.1 80.72.57 mg/kg 10570

EP080/071: Total Petroleum Hydrocarbons  (QCLot: 1586039)

EP071: C10 - C14 Fraction ---- 50 mg/kg <50 104200 mg/kg 12975

EP071: C15 - C28 Fraction ---- 100 mg/kg <100 99.8300 mg/kg 13177

EP071: C29 - C36 Fraction ---- 100 mg/kg <100 107200 mg/kg 12971

EP080/071: Total Petroleum Hydrocarbons  (QCLot: 1586430)

EP080: C6 - C9 Fraction ---- 10 mg/kg <10 84.226 mg/kg 12868

EP080/071: Total Recoverable Hydrocarbons - NEPM 2013 Fractions  (QCLot: 1586039)

EP071: >C10 - C16 Fraction ---- 50 mg/kg <50 101250 mg/kg 12577

EP071: >C16 - C34 Fraction ---- 100 mg/kg <100 103350 mg/kg 13874

EP071: >C34 - C40 Fraction ---- 100 mg/kg <100 103150 mg/kg 13163

EP080/071: Total Recoverable Hydrocarbons - NEPM 2013 Fractions  (QCLot: 1586430)

EP080: C6 - C10 Fraction C6_C10 10 mg/kg <10 84.531 mg/kg 12868

EP080: BTEXN  (QCLot: 1586430)

EP080: Benzene 71-43-2 0.2 mg/kg <0.2 95.81 mg/kg 11662

EP080: Toluene 108-88-3 0.5 mg/kg <0.5 87.31 mg/kg 12167

EP080: Ethylbenzene 100-41-4 0.5 mg/kg <0.5 83.61 mg/kg 11765

EP080: meta- & para-Xylene 108-38-3 

106-42-3

0.5 mg/kg <0.5 77.92 mg/kg 11866
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Sub-Matrix: SOIL Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EP080: BTEXN  (QCLot: 1586430)  - continued

EP080: ortho-Xylene 95-47-6 0.5 mg/kg <0.5 79.31 mg/kg 12068

EP080: Naphthalene 91-20-3 1 mg/kg <1 1041 mg/kg 11963

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: SOIL Matrix Spike (MS) Report

SpikeRecovery(%) Recovery Limits (%)Spike 

HighLowMSConcentrationLaboratory sample ID Client sample ID Method: Compound CAS Number

EG005T: Total Metals by ICP-AES  (QCLot: 1596185)

Anonymous EM1806354-092 7440-38-2EG005T: Arsenic 89.250 mg/kg 13070

7440-43-9EG005T: Cadmium 94.450 mg/kg 13070

7440-47-3EG005T: Chromium 94.350 mg/kg 13070

7440-50-8EG005T: Copper 94.3250 mg/kg 13070

7439-92-1EG005T: Lead 94.3250 mg/kg 13070

7440-02-0EG005T: Nickel 95.950 mg/kg 13070

7440-66-6EG005T: Zinc 101250 mg/kg 13070

EG005T: Total Metals by ICP-AES  (QCLot: 1596186)

Contam 9 - 0.1-0.3 ES1811373-009 7440-38-2EG005T: Arsenic # Not 

Determined

50 mg/kg 13070

7440-43-9EG005T: Cadmium 98.850 mg/kg 13070

7440-47-3EG005T: Chromium 10450 mg/kg 13070

7440-50-8EG005T: Copper 87.2250 mg/kg 13070

7439-92-1EG005T: Lead 96.7250 mg/kg 13070

7440-02-0EG005T: Nickel 12750 mg/kg 13070

7440-66-6EG005T: Zinc 104250 mg/kg 13070

EG035T:  Total Recoverable Mercury by FIMS  (QCLot: 1596184)

Anonymous EM1806354-092 7439-97-6EG035T: Mercury 75.25 mg/kg 13070

EG035T:  Total Recoverable Mercury by FIMS  (QCLot: 1596187)

Contam 9 - 0.1-0.3 ES1811373-009 7439-97-6EG035T: Mercury 93.25 mg/kg 13070

EP080/071: Total Petroleum Hydrocarbons  (QCLot: 1586039)

Contam 1- 0.2-0.5 ES1811373-001 ----EP071: C10 - C14 Fraction 88.8523 mg/kg 13773

----EP071: C15 - C28 Fraction 97.02319 mg/kg 13153

----EP071: C29 - C36 Fraction 92.01714 mg/kg 13252

EP080/071: Total Petroleum Hydrocarbons  (QCLot: 1586430)

Contam 1- 0.2-0.5 ES1811373-001 ----EP080: C6 - C9 Fraction 88.932.5 mg/kg 13070
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Sub-Matrix: SOIL Matrix Spike (MS) Report

SpikeRecovery(%) Recovery Limits (%)Spike 

HighLowMSConcentrationLaboratory sample ID Client sample ID Method: Compound CAS Number

EP080/071: Total Recoverable Hydrocarbons - NEPM 2013 Fractions  (QCLot: 1586039)

Contam 1- 0.2-0.5 ES1811373-001 ----EP071: >C10 - C16 Fraction 90.2860 mg/kg 13773

----EP071: >C16 - C34 Fraction 93.03223 mg/kg 13153

----EP071: >C34 - C40 Fraction 99.11058 mg/kg 13252

EP080/071: Total Recoverable Hydrocarbons - NEPM 2013 Fractions  (QCLot: 1586430)

Contam 1- 0.2-0.5 ES1811373-001 C6_C10EP080: C6 - C10 Fraction 89.737.5 mg/kg 13070

EP080: BTEXN  (QCLot: 1586430)

Contam 1- 0.2-0.5 ES1811373-001 71-43-2EP080: Benzene 97.42.5 mg/kg 13070

108-88-3EP080: Toluene 88.62.5 mg/kg 13070

100-41-4EP080: Ethylbenzene 90.62.5 mg/kg 13070

108-38-3 

106-42-3

EP080: meta- & para-Xylene 83.72.5 mg/kg 13070

95-47-6EP080: ortho-Xylene 83.62.5 mg/kg 13070

91-20-3EP080: Naphthalene 91.12.5 mg/kg 13070
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CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 11ES1811373

:: LaboratoryClient EMM CONSULTING PTY LTD Environmental Division Sydney

: :ContactContact MS KYLIE DRAPALA Customer Services ES

:: AddressAddress Ground Floor Suite 1 20 Chandos Street

St Leonards NSW NSW 2065

277-289 Woodpark Road Smithfield NSW Australia 2164

:Telephone 07 3839 1800 :Telephone +61-2-8784 8555

:Project Snowy Hydro 2.0 Early Works - Contamination Date Samples Received : 20-Apr-2018 14:20

:Order number Date Analysis Commenced : 23-Apr-2018

:C-O-C number ---- Issue Date : 30-Apr-2018 18:29

Sampler : NICK JAMSON

Site : ----

Quote number : EN/222/17

14:No. of samples received

13:No. of samples analysed

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

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

l Descriptive Results

l Surrogate Control Limits

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

Quality Review and Sample Receipt Notification.

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

Signatories Accreditation CategoryPosition

Ankit Joshi Inorganic Chemist Sydney Inorganics, Smithfield, NSW

Dian Dao Sydney Inorganics, Smithfield, NSW

Ivan Taylor Analyst Sydney Inorganics, Smithfield, NSW

Rassem Ayoubi Senior Organic Chemist Sydney Organics, Smithfield, NSW

Sanjeshni Jyoti Senior Chemist Volatiles Sydney Organics, Smithfield, NSW

Satishkumar Trivedi Senior Acid Sulfate Soil Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

Shaun Spooner Asbestos Identifier Newcastle - Asbestos, Mayfield West, NSW

Wisam Marassa Inorganics Coordinator Sydney Inorganics, Smithfield, NSW
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General Comments

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

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

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

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

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

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

purposes.

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

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

LOR = Limit of reporting

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

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

EG005T: Poor duplicate precision was obtained for some elements due to sample heterogeneity.l

ASS: EA033 (CRS Suite):Retained Acidity not required because pH KCl greater than or equal to 4.5l

ASS: EA033 (CRS Suite): ANC not required because pH KCl less than 6.5l

EP080: The trip spike and its control have been analysed for volatile TPH and BTEX only.  The trip spike and control were prepared in the lab using reagent grade sand spiked with petrol. The spike was dispatched 

from the lab and the control retained.

l

ASS: EA033 (CRS Suite): Liming rate is calculated and reported on a dry weight basis assuming use of fine agricultural lime (CaCO3) and using a safety factor of 1.5 to allow for non-homogeneous mixing and 

poor reactivity of lime.  For conversion of Liming Rate from 'kg/t dry weight' to 'kg/m3 in-situ soil', multiply 'reported results' x 'wet bulk density of soil in t/m3'.

l

EA200N: Asbestos weights and percentages are not covered under the Scope of NATA Accreditation.

Weights of Asbestos are based on extracted bulk asbestos, fibre bundles, and/or ACM and do not include respirable fibres (if present)

The Asbestos (Fines and Fibrous) weight is calculated from the extracted Fibrous Asbestos and Asbestos Fines as an equivalent weight of 100% Asbestos

Percentages for Asbestos content in ACM are based on the 2013 NEPM default values.

All calculations of percentage Asbestos under this method are approximate and should be used as a guide only.

l

EA200  'Am'    Amosite (brown asbestos)l

EA200  'Cr'     Crocidolite (blue asbestos)l

EA200 'Trace' - Asbestos fibres ("Free Fibres") detected by trace analysis per AS4964. The result can be interpreted that the sample contains detectable 'respirable' asbestos fibresl

EA200: Asbestos Identification Samples were analysed by Polarised Light Microscopy including dispersion staining.l

EA200   Legendl

EA200  'Ch'    Chrysotile (white asbestos)l

EA200:  'UMF' Unknown Mineral Fibres. "-" indicates fibres detected may or may not be asbestos fibres. Confirmation by alternative techniques is recommended.l

EA200: Negative results for vinyl tiles should be confirmed by an independent analytical technique.l

EA200N: ALS laboratory procedures and methods used for the identification and quantitation of asbestos are consistent with AS4964-2004 and the requirements of the 2013 NEPM for Assessment of Site 

Contamination

l

EA200: For samples larger than 30g, the <2mm fraction may be sub-sampled prior to trace analysis as outlined in ISO23909:2008(E) Sect 6.3.2-2l

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

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

l

EA200: 'Yes' - Asbestos detected by polarised light microscopy including dispersion staining.l
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EA200: 'No*' - No asbestos found, at the reporting limit of 0.1g/kg, by polarised light microscopy including dispersion staining. Asbestos material was detected and positively identified at concentrations estimated to 

be below 0.1g/kg.

l

EA200: 'No' - No asbestos found at the reporting limit 0.1g/kg, by polarised light microscopy including dispersion staining.l
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Analytical Results

Contam 5 - 0.2-0.5Contam 4 - 0.2-0.5Contam 3 - 0.2-0.5Contam 2 - 0.2-0.5Contam 1- 0.2-0.5Client sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

17-Apr-2018 00:0017-Apr-2018 00:0017-Apr-2018 00:0017-Apr-2018 00:0017-Apr-2018 00:00Client sampling date / time

ES1811373-005ES1811373-004ES1811373-003ES1811373-002ES1811373-001UnitLORCAS NumberCompound

Result Result Result Result Result

EA002 : pH (Soils)

6.0 6.2 6.3 6.2 6.3pH Unit0.1----pH Value

EA014 Total Soluble Salts

29 21 19 38 28mg/kg5----Total Soluble Salts

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

9.7 14.5 6.8 8.3 7.2%1.0----Moisture Content

EA200: AS 4964 - 2004 Identification of Asbestos in Soils

----Asbestos Detected ---- ---- ---- Nog/kg0.11332-21-4

----Asbestos (Trace) ---- ---- ---- NoFibres51332-21-4

----Asbestos Type ---- ---- ---- ----1332-21-4

---- ---- ---- ---- 594g0.01----Sample weight (dry)

---- ---- ---- ---- S.SPOONER-------APPROVED IDENTIFIER:

EA200N: Asbestos Quantification (non-NATA)

----øAsbestos (Fines and Fibrous 

<7mm)

---- ---- ---- <0.0004g0.00041332-21-4

----ø ---- ---- ---- <0.001% (w/w)0.001----Asbestos (Fines and Fibrous FA+AF)

----ø ---- ---- ---- 0.594kg0.0001----Weight Used for % Calculation

----ø ---- ---- ---- <0.0004g0.0004----Fibrous Asbestos >7mm

ED007: Exchangeable Cations

---- 3.2 2.8 5.4 2.6meq/100g0.1----Exchangeable Calcium

---- 1.6 1.6 1.2 1.0meq/100g0.1----Exchangeable Magnesium

---- 0.5 0.2 0.2 0.5meq/100g0.1----Exchangeable Potassium

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

---- 5.3 4.6 6.8 4.1meq/100g0.1----Cation Exchange Capacity

---- <0.1 <0.1 <0.1 <0.1%0.1----Exchangeable Sodium Percent

ED008: Exchangeable Cations

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

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

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

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

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

<0.1 ---- ---- ---- ----%0.1----Exchangeable Sodium Percent

EG005T: Total Metals by ICP-AES

28Arsenic 17 8 6 10mg/kg57440-38-2

60Barium 100 140 820 90mg/kg107440-39-3
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Analytical Results

Contam 5 - 0.2-0.5Contam 4 - 0.2-0.5Contam 3 - 0.2-0.5Contam 2 - 0.2-0.5Contam 1- 0.2-0.5Client sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

17-Apr-2018 00:0017-Apr-2018 00:0017-Apr-2018 00:0017-Apr-2018 00:0017-Apr-2018 00:00Client sampling date / time

ES1811373-005ES1811373-004ES1811373-003ES1811373-002ES1811373-001UnitLORCAS NumberCompound

Result Result Result Result Result

EG005T: Total Metals by ICP-AES - Continued

<1Beryllium <1 <1 1 <1mg/kg17440-41-7

<50Boron <50 <50 <50 <50mg/kg507440-42-8

<1Cadmium <1 <1 <1 <1mg/kg17440-43-9

46Chromium 39 31 16 29mg/kg27440-47-3

14Cobalt 12 10 7 7mg/kg27440-48-4

50Copper 38 17 28 11mg/kg57440-50-8

18Lead 25 19 9 15mg/kg57439-92-1

226Manganese 398 420 636 143mg/kg57439-96-5

38Nickel 16 30 15 11mg/kg27440-02-0

<5Selenium <5 <5 <5 <5mg/kg57782-49-2

37Vanadium 45 20 15 34mg/kg57440-62-2

53Zinc 36 56 19 30mg/kg57440-66-6

EG035T:  Total Recoverable Mercury by FIMS

<0.1Mercury <0.1 <0.1 <0.1 <0.1mg/kg0.17439-97-6

EP080/071: Total Petroleum Hydrocarbons

<10 <10 <10 <10 <10mg/kg10----C6 - C9 Fraction

<50 <50 <50 <50 <50mg/kg50----C10 - C14 Fraction

<100 <100 <100 <100 <100mg/kg100----C15 - C28 Fraction

<100 <100 <100 <100 <100mg/kg100----C29 - C36 Fraction

<50^ <50 <50 <50 <50mg/kg50----C10 - C36 Fraction (sum)

EP080/071: Total Recoverable Hydrocarbons - NEPM 2013 Fractions

<10C6 - C10 Fraction <10 <10 <10 <10mg/kg10C6_C10

<10^ C6 - C10 Fraction  minus BTEX 

(F1)

<10 <10 <10 <10mg/kg10C6_C10-BTEX

<50 <50 <50 <50 <50mg/kg50---->C10 - C16 Fraction

<100 <100 <100 <100 <100mg/kg100---->C16 - C34 Fraction

<100 <100 <100 <100 <100mg/kg100---->C34 - C40 Fraction

<50^ <50 <50 <50 <50mg/kg50---->C10 - C40 Fraction (sum)

<50^ <50 <50 <50 <50mg/kg50---->C10 - C16 Fraction minus Naphthalene 

(F2)

EP080: BTEXN

<0.2Benzene <0.2 <0.2 <0.2 <0.2mg/kg0.271-43-2

<0.5Toluene <0.5 <0.5 <0.5 <0.5mg/kg0.5108-88-3

<0.5Ethylbenzene <0.5 <0.5 <0.5 <0.5mg/kg0.5100-41-4
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Analytical Results

Contam 5 - 0.2-0.5Contam 4 - 0.2-0.5Contam 3 - 0.2-0.5Contam 2 - 0.2-0.5Contam 1- 0.2-0.5Client sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

17-Apr-2018 00:0017-Apr-2018 00:0017-Apr-2018 00:0017-Apr-2018 00:0017-Apr-2018 00:00Client sampling date / time

ES1811373-005ES1811373-004ES1811373-003ES1811373-002ES1811373-001UnitLORCAS NumberCompound

Result Result Result Result Result

EP080: BTEXN - Continued

<0.5meta- & para-Xylene <0.5 <0.5 <0.5 <0.5mg/kg0.5108-38-3 106-42-3

<0.5ortho-Xylene <0.5 <0.5 <0.5 <0.5mg/kg0.595-47-6

<0.2^ <0.2 <0.2 <0.2 <0.2mg/kg0.2----Sum of BTEX

<0.5^ <0.5 <0.5 <0.5 <0.5mg/kg0.5----Total Xylenes

<1Naphthalene <1 <1 <1 <1mg/kg191-20-3

EP080S: TPH(V)/BTEX Surrogates

1111.2-Dichloroethane-D4 105 110 121 118%0.217060-07-0

100Toluene-D8 93.6 95.8 106 102%0.22037-26-5

95.04-Bromofluorobenzene 94.3 98.2 102 102%0.2460-00-4
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Analytical Results

Contam 10 - 0.2-0.5Contam 9 - 0.1-0.3Contam 8 - 0.2-0.5Contam 7 - 0.2-0.5Contam 6 - 0.2-0.5Client sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

17-Apr-2018 00:0017-Apr-2018 00:0017-Apr-2018 00:0017-Apr-2018 00:0017-Apr-2018 00:00Client sampling date / time

ES1811373-010ES1811373-009ES1811373-008ES1811373-007ES1811373-006UnitLORCAS NumberCompound

Result Result Result Result Result

EA002 : pH (Soils)

6.2 5.4 5.9 5.2 4.9pH Unit0.1----pH Value

EA014 Total Soluble Salts

21 26 41 111 84mg/kg5----Total Soluble Salts

EA033-A: Actual Acidity

---- ---- ---- 5.2 ----pH Unit0.1----pH KCl (23A)

---- ---- ---- 8 ----mole H+ / t2----Titratable Actual Acidity (23F)

---- ---- ---- <0.02 ----% pyrite S0.02----sulfidic - Titratable Actual Acidity (s-23F)

EA033-B: Potential Acidity

---- ---- ---- 0.123 ----% S0.005----Chromium Reducible Sulfur (22B)

---- ---- ---- 77 ----mole H+ / t10----acidity - Chromium Reducible Sulfur 

(a-22B)

EA033-E: Acid Base Accounting

---- ---- ---- 1.5 -----0.5----ANC Fineness Factor

---- ---- ---- 0.14 ----% S0.02----Net Acidity (sulfur units)

---- ---- ---- 84 ----mole H+ / t10----Net Acidity (acidity units)

---- ---- ---- 6 ----kg CaCO3/t1----Liming Rate

---- ---- ---- 0.14 ----% S0.02----Net Acidity excluding ANC (sulfur units)

---- ---- ---- 84 ----mole H+ / t10----Net Acidity excluding ANC (acidity units)

---- ---- ---- 6 ----kg CaCO3/t1----Liming Rate excluding ANC

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

7.7 11.9 13.5 6.7 13.5%1.0----Moisture Content

EA200: AS 4964 - 2004 Identification of Asbestos in Soils

NoAsbestos Detected ---- ---- No Nog/kg0.11332-21-4

NoAsbestos (Trace) ---- ---- No NoFibres51332-21-4

-Asbestos Type ---- ---- - ----1332-21-4

518 ---- ---- 852 500g0.01----Sample weight (dry)

S.SPOONER ---- ---- S.SPOONER S.SPOONER-------APPROVED IDENTIFIER:

EA200N: Asbestos Quantification (non-NATA)

<0.0004øAsbestos (Fines and Fibrous 

<7mm)

---- ---- <0.0004 <0.0004g0.00041332-21-4

<0.001ø ---- ---- <0.001 <0.001% (w/w)0.001----Asbestos (Fines and Fibrous FA+AF)

0.518ø ---- ---- 0.852 0.500kg0.0001----Weight Used for % Calculation

<0.0004ø ---- ---- <0.0004 <0.0004g0.0004----Fibrous Asbestos >7mm

ED007: Exchangeable Cations
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Analytical Results

Contam 10 - 0.2-0.5Contam 9 - 0.1-0.3Contam 8 - 0.2-0.5Contam 7 - 0.2-0.5Contam 6 - 0.2-0.5Client sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

17-Apr-2018 00:0017-Apr-2018 00:0017-Apr-2018 00:0017-Apr-2018 00:0017-Apr-2018 00:00Client sampling date / time

ES1811373-010ES1811373-009ES1811373-008ES1811373-007ES1811373-006UnitLORCAS NumberCompound

Result Result Result Result Result

ED007: Exchangeable Cations - Continued

3.2 0.2 1.6 1.6 1.6meq/100g0.1----Exchangeable Calcium

1.4 0.2 0.7 0.5 0.8meq/100g0.1----Exchangeable Magnesium

0.3 0.2 0.5 0.2 0.6meq/100g0.1----Exchangeable Potassium

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

4.9 0.6 2.7 2.2 4.3meq/100g0.1----Cation Exchange Capacity

<0.1 <0.1 <0.1 <0.1 <0.1%0.1----Exchangeable Sodium Percent

EG005T: Total Metals by ICP-AES

14Arsenic 10 <5 222 13mg/kg57440-38-2

270Barium 110 90 180 60mg/kg107440-39-3

1Beryllium <1 <1 <1 <1mg/kg17440-41-7

<50Boron <50 <50 <50 <50mg/kg507440-42-8

<1Cadmium <1 <1 <1 <1mg/kg17440-43-9

40Chromium 14 14 10 23mg/kg27440-47-3

14Cobalt <2 <2 22 <2mg/kg27440-48-4

25Copper <5 8 164 202mg/kg57440-50-8

38Lead <5 11 56 15mg/kg57439-92-1

2820Manganese 12 103 261 38mg/kg57439-96-5

22Nickel <2 4 63 5mg/kg27440-02-0

<5Selenium <5 <5 <5 <5mg/kg57782-49-2

30Vanadium 14 18 10 39mg/kg57440-62-2

31Zinc <5 9 46 22mg/kg57440-66-6

EG035T:  Total Recoverable Mercury by FIMS

<0.1Mercury <0.1 <0.1 0.1 <0.1mg/kg0.17439-97-6

EP080/071: Total Petroleum Hydrocarbons

<10 <10 <10 <10 <10mg/kg10----C6 - C9 Fraction

<50 <50 <50 <50 <50mg/kg50----C10 - C14 Fraction

<100 <100 <100 <100 <100mg/kg100----C15 - C28 Fraction

<100 <100 <100 <100 <100mg/kg100----C29 - C36 Fraction

<50^ <50 <50 <50 <50mg/kg50----C10 - C36 Fraction (sum)

EP080/071: Total Recoverable Hydrocarbons - NEPM 2013 Fractions

<10C6 - C10 Fraction <10 <10 <10 <10mg/kg10C6_C10

<10^ C6 - C10 Fraction  minus BTEX 

(F1)

<10 <10 <10 <10mg/kg10C6_C10-BTEX

<50 <50 <50 <50 <50mg/kg50---->C10 - C16 Fraction
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Analytical Results

Contam 10 - 0.2-0.5Contam 9 - 0.1-0.3Contam 8 - 0.2-0.5Contam 7 - 0.2-0.5Contam 6 - 0.2-0.5Client sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

17-Apr-2018 00:0017-Apr-2018 00:0017-Apr-2018 00:0017-Apr-2018 00:0017-Apr-2018 00:00Client sampling date / time

ES1811373-010ES1811373-009ES1811373-008ES1811373-007ES1811373-006UnitLORCAS NumberCompound

Result Result Result Result Result

EP080/071: Total Recoverable Hydrocarbons - NEPM 2013 Fractions - Continued

<100 <100 <100 <100 <100mg/kg100---->C16 - C34 Fraction

<100 <100 <100 <100 <100mg/kg100---->C34 - C40 Fraction

<50^ <50 <50 <50 <50mg/kg50---->C10 - C40 Fraction (sum)

<50^ <50 <50 <50 <50mg/kg50---->C10 - C16 Fraction minus Naphthalene 

(F2)

EP080: BTEXN

<0.2Benzene <0.2 <0.2 <0.2 <0.2mg/kg0.271-43-2

<0.5Toluene <0.5 <0.5 <0.5 <0.5mg/kg0.5108-88-3

<0.5Ethylbenzene <0.5 <0.5 <0.5 <0.5mg/kg0.5100-41-4

<0.5meta- & para-Xylene <0.5 <0.5 <0.5 <0.5mg/kg0.5108-38-3 106-42-3

<0.5ortho-Xylene <0.5 <0.5 <0.5 <0.5mg/kg0.595-47-6

<0.2^ <0.2 <0.2 <0.2 <0.2mg/kg0.2----Sum of BTEX

<0.5^ <0.5 <0.5 <0.5 <0.5mg/kg0.5----Total Xylenes

<1Naphthalene <1 <1 <1 <1mg/kg191-20-3

EP080S: TPH(V)/BTEX Surrogates

1181.2-Dichloroethane-D4 121 117 121 110%0.217060-07-0

105Toluene-D8 105 108 106 101%0.22037-26-5

1064-Bromofluorobenzene 105 103 98.6 99.8%0.2460-00-4
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Analytical Results

--------TSC 3TS 3TRIP BLANKClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

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

----------------ES1811373-014ES1811373-013ES1811373-012UnitLORCAS NumberCompound

Result Result Result ---- ----

EP080/071: Total Petroleum Hydrocarbons

<10 22 37 ---- ----mg/kg10----C6 - C9 Fraction

EP080/071: Total Recoverable Hydrocarbons - NEPM 2013 Fractions

<10C6 - C10 Fraction 27 45 ---- ----mg/kg10C6_C10

<10^ C6 - C10 Fraction  minus BTEX 

(F1)

<10 17 ---- ----mg/kg10C6_C10-BTEX

EP080: BTEXN

<0.2Benzene <0.2 0.2 ---- ----mg/kg0.271-43-2

<0.5Toluene 7.3 12.7 ---- ----mg/kg0.5108-88-3

<0.5Ethylbenzene 1.2 1.8 ---- ----mg/kg0.5100-41-4

<0.5meta- & para-Xylene 6.3 9.6 ---- ----mg/kg0.5108-38-3 106-42-3

<0.5ortho-Xylene 2.6 3.8 ---- ----mg/kg0.595-47-6

<0.2^ 17.4 28.1 ---- ----mg/kg0.2----Sum of BTEX

<0.5^ 8.9 13.4 ---- ----mg/kg0.5----Total Xylenes

<1Naphthalene <1 <1 ---- ----mg/kg191-20-3

EP080S: TPH(V)/BTEX Surrogates

1191.2-Dichloroethane-D4 105 113 ---- ----%0.217060-07-0

106Toluene-D8 92.4 99.1 ---- ----%0.22037-26-5

1044-Bromofluorobenzene 94.5 101 ---- ----%0.2460-00-4

Analytical Results
Descriptive Results

Sub-Matrix: SOIL

Analytical ResultsMethod: Compound Client sample ID  - Client sampling date / time

EA200: AS 4964 - 2004 Identification of Asbestos in Soils

EA200: Description Mid brown clay soil.Contam 5 - 0.2-0.5 - 17-Apr-2018 00:00

EA200: Description Mid brown clay soil.Contam 6 - 0.2-0.5 - 17-Apr-2018 00:00

EA200: Description Mid brown clay soil.Contam 9 - 0.1-0.3 - 17-Apr-2018 00:00

EA200: Description Mid brown clay soil.Contam 10 - 0.2-0.5 - 17-Apr-2018 00:00
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Surrogate Control Limits

Recovery Limits (%)Sub-Matrix: SOIL

Compound CAS Number Low High

EP080S: TPH(V)/BTEX Surrogates

1.2-Dichloroethane-D4 17060-07-0 73 133

Toluene-D8 2037-26-5 74 132

4-Bromofluorobenzene 460-00-4 72 130
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Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 6ES1814461

:: LaboratoryClient EMM CONSULTING PTY LTD Environmental Division Sydney

: :ContactContact MS KYLIE DRAPALA Customer Services ES

:: AddressAddress Ground Floor Suite 1 20 Chandos Street

St Leonards NSW NSW 2065

277-289 Woodpark Road Smithfield NSW Australia 2164

:Telephone 07 3839 1800 :Telephone +61-2-8784 8555

:Project Snowy Hydro 2.0 Early Works - Contamination Date Samples Received : 18-May-2018 09:00

:Order number ---- Date Analysis Commenced : 22-May-2018

:C-O-C number ---- Issue Date : 28-May-2018 10:45

Sampler : NICK JAMSON

Site : ----

Quote number : EN/222/17

2:No. of samples received

2:No. of samples analysed

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

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

l Descriptive Results

l Surrogate Control Limits

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

Quality Review and Sample Receipt Notification.

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

Signatories Accreditation CategoryPosition

Ankit Joshi Inorganic Chemist Sydney Inorganics, Smithfield, NSW

Dian Dao Sydney Inorganics, Smithfield, NSW

Edwandy Fadjar Organic Coordinator Sydney Inorganics, Smithfield, NSW

Edwandy Fadjar Organic Coordinator Sydney Organics, Smithfield, NSW

Ivan Taylor Analyst Sydney Inorganics, Smithfield, NSW

Kim McCabe Senior Inorganic Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

Sanjeshni Jyoti Senior Chemist Volatiles Sydney Organics, Smithfield, NSW

Shaun Spooner Asbestos Identifier Newcastle - Asbestos, Mayfield West, NSW

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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General Comments

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

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

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

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

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

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

purposes.

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

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

LOR = Limit of reporting

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

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

EA200: As only one sample container was submitted for multiple tests, sub sampling was conducted prior to Asbestos analysis. As this has the potential to understate detection, 

results should be scrutinised accordingly.

l

EA200N: Asbestos weights and percentages are not covered under the Scope of NATA Accreditation.

Weights of Asbestos are based on extracted bulk asbestos, fibre bundles, and/or ACM and do not include respirable fibres (if present)

The Asbestos (Fines and Fibrous) weight is calculated from the extracted Fibrous Asbestos and Asbestos Fines as an equivalent weight of 100% Asbestos

Percentages for Asbestos content in ACM are based on the 2013 NEPM default values.

All calculations of percentage Asbestos under this method are approximate and should be used as a guide only.

l

EA200  'Am'    Amosite (brown asbestos)l

EA200  'Cr'     Crocidolite (blue asbestos)l

EA200 'Trace' - Asbestos fibres ("Free Fibres") detected by trace analysis per AS4964. The result can be interpreted that the sample contains detectable 'respirable' asbestos fibresl

EA200: Asbestos Identification Samples were analysed by Polarised Light Microscopy including dispersion staining.l

EA200   Legendl

EA200  'Ch'    Chrysotile (white asbestos)l

EA200:  'UMF' Unknown Mineral Fibres. "-" indicates fibres detected may or may not be asbestos fibres. Confirmation by alternative techniques is recommended.l

EA200: Negative results for vinyl tiles should be confirmed by an independent analytical technique.l

EA200N: ALS laboratory procedures and methods used for the identification and quantitation of asbestos are consistent with AS4964-2004 and the requirements of the 2013 NEPM for Assessment of Site 

Contamination

l

EA200: For samples larger than 30g, the <2mm fraction may be sub-sampled prior to trace analysis as outlined in ISO23909:2008(E) Sect 6.3.2-2l

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

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

l

EA200: 'Yes' - Asbestos detected by polarised light microscopy including dispersion staining.l

EA200: 'No*' - No asbestos found, at the reporting limit of 0.1g/kg, by polarised light microscopy including dispersion staining. Asbestos material was detected and positively identified at concentrations estimated to 

be below 0.1g/kg.

l

EA200: 'No' - No asbestos found at the reporting limit 0.1g/kg, by polarised light microscopy including dispersion staining.l
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Analytical Results

------------BLIND DUPLICATEContam 9 - 0.1-0.3Client sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

------------17-Apr-2018 00:0017-Apr-2018 00:00Client sampling date / time

------------------------ES1814461-002ES1814461-001UnitLORCAS NumberCompound

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

EA002 : pH (Soils)

---- 6.7 ---- ---- ----pH Unit0.1----pH Value

EA011: Net Acid Generation

4.8 ---- ---- ---- ----pH Unit0.1----pH (OX)

<0.1 ---- ---- ---- ----kg H2SO4/t0.1----NAG (pH 4.5)

1.3 ---- ---- ---- ----kg H2SO4/t0.1----NAG (pH 7.0)

EA014 Total Soluble Salts

---- 33 ---- ---- ----mg/kg5----Total Soluble Salts

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

---- 8.5 ---- ---- ----%1.0----Moisture Content

EA200: AS 4964 - 2004 Identification of Asbestos in Soils

----Asbestos Detected No ---- ---- ----g/kg0.11332-21-4

----Asbestos (Trace) No ---- ---- ----Fibres51332-21-4

----Asbestos Type - ---- ---- -------1332-21-4

---- 18.6 ---- ---- ----g0.01----Sample weight (dry)

---- S.SPOONER ---- ---- -----------APPROVED IDENTIFIER:

EA200N: Asbestos Quantification (non-NATA)

----øAsbestos (Fines and Fibrous 

<7mm)

<0.0004 ---- ---- ----g0.00041332-21-4

----ø <0.001 ---- ---- ----% (w/w)0.001----Asbestos (Fines and Fibrous FA+AF)

----ø 0.0186 ---- ---- ----kg0.0001----Weight Used for % Calculation

----ø <0.0004 ---- ---- ----g0.0004----Fibrous Asbestos >7mm

ED007: Exchangeable Cations

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

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

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

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

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

---- 0.4 ---- ---- ----%0.1----Exchangeable Sodium Percent

EG005T: Total Metals by ICP-AES

----Arsenic 9 ---- ---- ----mg/kg57440-38-2

----Barium 90 ---- ---- ----mg/kg107440-39-3

----Beryllium <1 ---- ---- ----mg/kg17440-41-7

----Boron <50 ---- ---- ----mg/kg507440-42-8

----Cadmium <1 ---- ---- ----mg/kg17440-43-9
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Analytical Results

------------BLIND DUPLICATEContam 9 - 0.1-0.3Client sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

------------17-Apr-2018 00:0017-Apr-2018 00:00Client sampling date / time

------------------------ES1814461-002ES1814461-001UnitLORCAS NumberCompound

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

EG005T: Total Metals by ICP-AES - Continued

----Chromium 30 ---- ---- ----mg/kg27440-47-3

----Cobalt 11 ---- ---- ----mg/kg27440-48-4

----Copper 12 ---- ---- ----mg/kg57440-50-8

----Lead 16 ---- ---- ----mg/kg57439-92-1

----Manganese 279 ---- ---- ----mg/kg57439-96-5

----Nickel 12 ---- ---- ----mg/kg27440-02-0

----Selenium <5 ---- ---- ----mg/kg57782-49-2

----Vanadium 30 ---- ---- ----mg/kg57440-62-2

----Zinc 46 ---- ---- ----mg/kg57440-66-6

EG035T:  Total Recoverable Mercury by FIMS

----Mercury <0.1 ---- ---- ----mg/kg0.17439-97-6

EP080/071: Total Petroleum Hydrocarbons

---- <10 ---- ---- ----mg/kg10----C6 - C9 Fraction

---- <50 ---- ---- ----mg/kg50----C10 - C14 Fraction

---- <100 ---- ---- ----mg/kg100----C15 - C28 Fraction

---- <100 ---- ---- ----mg/kg100----C29 - C36 Fraction

----^ <50 ---- ---- ----mg/kg50----C10 - C36 Fraction (sum)

EP080/071: Total Recoverable Hydrocarbons - NEPM 2013 Fractions

----C6 - C10 Fraction <10 ---- ---- ----mg/kg10C6_C10

----^ C6 - C10 Fraction  minus BTEX 

(F1)

<10 ---- ---- ----mg/kg10C6_C10-BTEX

---- <50 ---- ---- ----mg/kg50---->C10 - C16 Fraction

---- <100 ---- ---- ----mg/kg100---->C16 - C34 Fraction

---- <100 ---- ---- ----mg/kg100---->C34 - C40 Fraction

----^ <50 ---- ---- ----mg/kg50---->C10 - C40 Fraction (sum)

----^ <50 ---- ---- ----mg/kg50---->C10 - C16 Fraction minus Naphthalene 

(F2)

EP080: BTEXN

----Benzene <0.2 ---- ---- ----mg/kg0.271-43-2

----Toluene <0.5 ---- ---- ----mg/kg0.5108-88-3

----Ethylbenzene <0.5 ---- ---- ----mg/kg0.5100-41-4

----meta- & para-Xylene <0.5 ---- ---- ----mg/kg0.5108-38-3 106-42-3

----ortho-Xylene <0.5 ---- ---- ----mg/kg0.595-47-6

----^ <0.2 ---- ---- ----mg/kg0.2----Sum of BTEX
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Analytical Results

------------BLIND DUPLICATEContam 9 - 0.1-0.3Client sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

------------17-Apr-2018 00:0017-Apr-2018 00:00Client sampling date / time

------------------------ES1814461-002ES1814461-001UnitLORCAS NumberCompound

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

EP080: BTEXN - Continued

----^ <0.5 ---- ---- ----mg/kg0.5----Total Xylenes

----Naphthalene <1 ---- ---- ----mg/kg191-20-3

EP080S: TPH(V)/BTEX Surrogates

----1.2-Dichloroethane-D4 100 ---- ---- ----%0.217060-07-0

----Toluene-D8 88.8 ---- ---- ----%0.22037-26-5

----4-Bromofluorobenzene 84.3 ---- ---- ----%0.2460-00-4

Analytical Results
Descriptive Results

Sub-Matrix: SOIL

Analytical ResultsMethod: Compound Client sample ID  - Client sampling date / time

EA200: AS 4964 - 2004 Identification of Asbestos in Soils

EA200: Description Mid brown clay soil.BLIND DUPLICATE - 17-Apr-2018 00:00
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Surrogate Control Limits

Recovery Limits (%)Sub-Matrix: SOIL

Compound CAS Number Low High

EP080S: TPH(V)/BTEX Surrogates

1.2-Dichloroethane-D4 17060-07-0 73 133

Toluene-D8 2037-26-5 74 132

4-Bromofluorobenzene 460-00-4 72 130
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