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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). Snowy 2.0 is
the largest committed renewable energy project in Australia and is critical to underpinning
system security and reliability as Australia transitions to a decarbonised economy. Snowy
2.0 will link the existing Tantangara and Talbingo reservoirs within the Snowy Scheme
through a series of underground tunnels and a new hydro-electric power station will be built
underground.

Snowy 2.0 has been declared to be State significant infrastructure (SSI) and critical State
significant infrastructure (CSSI) by the former NSW Minister for Planning under Part 5 of the
NSW Environmental Planning and Assessment Act 1979 (EP&A Act) and is defined as CSSI
in clause 9 of Schedule 5 of the State Environmental Planning Policy (State and Regional
Development) 2011 (SRD SEPP). CSSl is infrastructure that is deemed by the NSW Minister
to be essential for the State for economic, environmental or social reasons. An application
for CSSI must be accompanied by an environmental impact statement (EIS).

Separate applications are being submitted by Snowy Hydro for different stages of Snowy 2.0
under Part 5, Division 5.2 of the EP&A Act. This includes the preceding first stage of Snowy
2.0, Exploratory Works for Snowy 2.0 (the Exploratory Works) and the stage subject of this
current application, Snowy 2.0 Main Works (the Main Works). In addition, an application
under Part 5, Division 5.2 of the EP&A Act is also being submitted by Snowy Hydro for a
segment factory that will make tunnel segments for both the Exploratory Works and Main
Works stages of Snowy 2.0.

The first stage of Snowy 2.0, the Exploratory Works, includes an exploratory tunnel and
portal and other exploratory and construction activities primarily in the Lobs Hole area of the
Kosciuszko National Park (KNP). The Exploratory Works were approved by the former NSW
Minister for Planning on 7 February 2019 as a separate project application to DPIE

(SSI 9208).

This project development, options and alternatives report has been prepared to accompany
an application and supporting EIS for the Snowy 2.0 Main Works. As the title suggests, this
stage of the project covers the major construction elements of Snowy 2.0, including
permanent infrastructure (such as the underground power station, power waterways, access
tunnels, chambers and shafts), temporary construction infrastructure (such as construction
adits, construction compounds and accommodation), management and storage of excavated
rock material and establishing supporting infrastructure (such as road upgrades and
extensions, water and sewage treatment infrastructure, and the provision of construction
power). Snowy 2.0 Main Works also includes the operation of Snowy 2.0.
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The Snowy 2.0 Main Works do not include the transmission works proposed by TransGrid
(TransGrid 2018) that provide connection between the cableyard and the NEM. These
transmission works will provide the ability for Snowy 2.0 (and other generators) to efficiently
and reliably transmit additional renewable energy to major load centres during periods of
peak demand, as well as enable a supply of renewable energy to pump water from Talbingo
Reservoir to Tantangara Reservoir during periods of low demand. While the upgrade works
to the wider transmission network and connection between the cableyard and the network
form part of the CSSI declaration for Snowy 2.0 and Transmission Project, they do not form
part of this application and will be subject to separate application and approval processes,
managed by TransGrid. This project is known as the HumeLink and is part of AEMO’s
Integrated System Plan.

With respect to the provisions of the Commonwealth Environment Protection and
Biodiversity Conservation Act 1999 (EPBC Act), on 30 October 2018 Snowy Hydro referred
the Snowy 2.0 Main Works to the Commonwealth Department of the Environment and
Energy (DoEE) and, on a precautionary basis, nominated that Snowy 2.0 Main Works has
potential to have a significant impact on MNES and the environment generally.

On 5 December 2018, Snowy 2.0 Main Works were deemed a controlled action by the
Assistant Secretary of the DoEE. It was also determined that potential impacts of the project
will be assessed by accredited assessment under Part 5, Division 5.2 of the EP&A Act. This
accredited process will enable the NSW Department of Planning, Industry and Environment
(DPIE) to manage the assessment of Snowy 2.0 Main Works, including the issuing of the
assessment requirements for the EIS. Once the assessment has been completed, the
Commonwealth Minister for the Environment will make a determination under the EPBC Act.

1.2 Purpose of this report

Since the project was announced in March 2017, a huge amount of work has gone into
development and planning for Snowy 2.0. The project has considered numerous options,
scenarios and alternatives and has been continuously refined and improved on all fronts.
The proposed development presented in the Snowy 2.0 Main Works EIS is the result of this
extensive process.

This report provides a summary and details of project development, options and alternatives
considered in the design and assessment of Snowy 2.0. It has been prepared to support the
Main Works EIS and brings together information from various reports and documents to
provide an outline of the project development process to date and the main design options
and alternatives considered throughout that process.

The project development has involved wide ranging consideration of technical, social and
environmental, economic and commercial aspects of the project. The purpose of the report
is to provide information relevant to the EIS and its consideration of how the project has
avoided and minimised environmental impacts through project optimisation and design
refinement.
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2 Developing Snowy 2.0

21 Snowy 2.0 inception

In March 2017 Snowy Hydro announced a plan to conduct a Feasibility Study into Snowy 2.0
for a possible pumped hydro-electric expansion of the existing Snowy Mountains Hydro-
electric Scheme (Snowy Scheme). The concept for a connection between Tantangara and
Talbingo reservoirs has been considered since the original Snowy Scheme and this study
recognised its potential for creating a significant pumped hydro-electric storage facility.

Snowy Hydro’s guiding principles for the design and the Employer’s Requirements for the
Project evolved from the objective of meeting the needs of the National Electricity Market

(NEM) as variable intermittent generation is added and will become a significant source of
the energy supplied to the NEM.

To meet this goal, the Snowy 2.0 project must:

e Provide a safe and robust facility designed in accordance with national and
international standards;

¢ Comply with the requirements of Australian legislation and regulatory bodies; and

e Possess high operational reliability and flexibility.

The process that Snowy Hydro undertook to develop Snowy 2.0 is extensive. Initially at a
macro level, options to Snowy 2.0 were investigated. This focused on determining what the
most feasible pumped hydro storage scheme was for Snowy Hydro. Once the concept for a
connection between Tantangara and Talbingo reservoirs was determined to be the most
feasible for Snowy 2.0, the process to determine the options within Snowy 2.0 was
undertaken in order to determine the final engineering outcome that has been described
within this EIS.

2.2 Key design phases

The development of Snowy 2.0 has progressed in phases both before and following the
project’s public announcement in 2017. The main phases of project development for Snowy
2.0 are:

1. Historical investigations;

2. Feasibility Study;

3. Reference Design; and

4. Competitive tender design and post-tender optimisation.

In regards to these project development phases, the Historical Investigations and early
stages of the Feasibility Study focused primarily on determining the options for Snowy 2.0
that Snowy Hydro would consider. The later stage of the Feasibility Study, as well as the
Reference Design and competitive tender design and post-tender optimisation dealt with the
options and alternatives within Snowy 2.0. The following section is broken out to reflect this
development of the Project.
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Snowy 2.0 Main Works

2.3.1 Historical investigations

Proposals for the development of hydro-electric facilities in the area around Lobs Hole and
the Yarrangobilly River have existed since before the formation of the Snowy Mountains
Hydro-Electric Authority in 1948. These early proposals, along with several others across the
Snowy Mountains region, were eventually abandoned during the course of the Snowy
Mountains Scheme on the basis of economic (whole of Scheme) budget considerations
which forced the development of only the most financially attractive sites. The subsequent
investigations for a development in the Lobs Hole/Yarrangobilly River area is recognition that
this area constitutes one of the most attractive, and currently un-utilised, sites that has the
potential to take advantage of original engineering foresight.

A pumped hydro-electric storage connection between Tantangara and Talbingo reservoirs
had been considered since the original Snowy Scheme development. The Snowy Mountains
Hydro Electric Authority (original name for Snowy Hydro) carried out various geological
surveys and studies between 1963 and 1991 with specific studies of Tantangara and
Talbingo Reservoirs. A map showing a concept for a hydro-electric connection between
Tantangara and Talbingo reservoirs during the original Snowy Scheme development is
provided in Figure 1.
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Figure 1: Historic Snowy Scheme map
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Snowy Mountains Scheme Augmentation Ranking Study

Prior to the Snowy 2.0 Feasibility Study, several studies were undertaken to investigate
augmentation of pumped hydro-electric capacity in the Snowy Scheme. The most
comprehensive historical study preceding the Feasibility Study was the Snowy Mountains
Scheme Augmentation Ranking Study (SMA 1991). The Ranking Study investigated new
water management infrastructure between existing reservoirs in the Snowy Scheme
including three tunnel alignment options for linking Tantangara and Talbingo Reservoirs and
design for a 1,000 MW pumped hydro-electric power station. The Ranking Study also
provides a summary of studies undertaken prior to 1991.

Augmentation studies of pumped storage schemes were first considered in 1966 during
the design and construction phase of the Snowy Mountains Hydroelectric Scheme.
Further studies concerned with energy reserve capability and mostly of pumped storage
schemes were undertaken from 1980-1986. The most recent study prior to 1991 was of a
mini-hydro development at Khancoban Dam in 1990.

These historical studies provided forward planning for an option to augment pumped hydro-
electric storage within the Snowy Scheme and informed the scope and design of Snowy 2.0.

The comprehensive assessment of options for the augmentation of the Snowy Scheme
prepared for the Snowy Mountains Scheme Augmentation Ranking Study (SMA 1991)
involved consideration of 10 conventional hydro power alternatives and four pumped storage
alternatives. The options considered are provided in Figure 2.

The Ranking Study included consideration of a pumped hydro connection between Talbingo
and Tantangara reservoirs similar to the Snowy 2.0 alignment, called the Yarrangobilly
Pumped Storage Scheme. This option was found to be the lowest cost alternative for large
scale pumped hydro energy storage of 18 GWh for 10 day capability. This option was not
considered economic at the time largely due to the comparative cost of gas turbines. The
Yarrangobilly Pumped Storage Scheme was investigated further in 2017 in the Snowy 2.0
Feasibility Study as it was identified that the economic viability of large scale pumped hydro
energy storage had improved. It is this scheme which has been developed into Snowy 2.0.

When compared to the other four pumped hydro alternatives in the Ranking Study, the
Yarrangobilly Pumped Storage Scheme was clearly superior to the others because:

e The proposed Wandilla and Jagumba Pumped Hydro Schemes would require the
construction of new storages; and

¢ None of the other three options provide the same high head potential linked to the
high storage capacity of Snowy 2.0. A detailed comparison of the four schemes is set
out in Table 1 below.

Table 1: Ranking Study (SMA 1991) options

Scheme option Potential storage Potential head Tunnelling required
required

Yarrangobilly | No 238 GL 680 m ~27 km

Wandilla Yes 6.3 GL 270 m ~1.5 km pressure
pipeline

Jagumba Yes 25.5 GL 680 m ~10 km

Upper Tumut | No 52 GL 610 m ~24 km
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Figure 2: Ranking Study (SMA 1991) map of options

In light of the unique nature of the opportunity offered by the Snowy 2.0 Main Works, Snowy
Hydro embarked on a Feasibility Study of the development in March 2017. The progress of
that Feasibility Study, and the options within the Snowy 2.0 development are described more
fully in Section 3.
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2.3.2 Feasibility design

In March 2017, Snowy Hydro announced the Feasibility Study for Snowy 2.0. The decision
to pursue a Feasibility Study for a pumped hydro-electric storage connection between
Tantangara and Talbingo was driven by market changes in the Australian National Electricity
Market (NEM) with a large supply-side shift away from baseload (coal) generation and
towards intermittent renewable generation. These market changes and existing knowledge
of the potential for augmenting pumped hydro storage in the Snowy Scheme provided a
unique opportunity to increase much needed energy storage and security in eastern
Australia.

The Feasibility Study commenced in April 2017 and was completed with the delivery of the
Feasibility Study Report in December 2017. During the Feasibility Study detailed analysis
was undertaken for the following key areas of design:

geological, geotechnical and hydrogeological conditions;
intake structures;

power waterway;

power station complex;

access options for tunnels and roads;

excavated material management; and

turbine, hydromechanical equipment and balance of plant.

2.3.3 Reference design

Following approval by Snowy Hydro, the feasibility design was progressed to the Reference

Design which formed the basis for the tender documents for issue to prospective contractors
wishing to tender for the construction of the civil works and procurement of the electrical and
mechanical plant required for the operation of the pumped storage hydropower project. The

key objectives of the Reference Design were to develop a design that:

1. Enhances the operational safety and reliability of Snowy Hydro’s power generation
system;

Optimises hydraulic performance and efficiency of the power waterway and plant;
Minimises construction costs;

Minimises construction time; and

Minimises operation and maintenance cost incurred during the life of the Project.

aRhwnN

The Reference Design is a base design from which tenderers, both Civil and electrical and
mechanical (E&M) were able to develop their own design for the Project based on their
preferred construction method and construction experience.

The Reference Design illustrates Snowy Hydro’s design intent with regards to the standard
of quality, functionality and performance expected to be provided in the tender submissions
and is further conditioned in the Employer’s Requirements. The Employer's Requirements
are a series of contractual documents that were developed throughout the process that
specify all of Snowy Hydro’s requirements for what is to be designed and constructed, in
order to meet the purpose of Snowy 2.0. The Contractors were not required to adopt the
Reference Design in its entirety but were encouraged to propose optimised designs provided
that their designs met the Employer’s Requirements.

The general approach adopted for the design of Snowy 2.0 was to develop a design which is
robust to ensure safe and reliable performance of the civil, electrical and mechanical works
under all operating conditions for the expected life of the Project, whilst minimising the
impact on the surrounding environment.
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2.3.4 Contractor design and post-tender optimisation

The Project has been running a collaborative process, or Early Contractor Consultation
(ECC) process with both the Civil and E&M contractors since mid-2017, and commenced the
formal competitive tender process in mid-2018.

The purpose of this process was to undertake optimisation of the Reference Design and
finalisation of the Employer’'s Requirements by having contractors challenging them from a
design and construction point of view. This was an important element of the process as it
allowed Snowy Hydro to understand where the Employer's Requirements were positioned
within the market and how constructable and realistic the requirements were. The output of
the process also left scope for the contractors to still input innovation and further
optimisation into their final tender designs.

The key activities undertaken in this process were:

1. Review of the Reference Design and optimisation by the contractors;

2. Review of the Employer's Requirements by the contractors;

3. lIssuing of clarifications of the Employer's Requirements to Snowy Hydro through a
Request for Information (RFI) process;

4. Development of pump-turbine models by the E&Ms and completing of associated
witness tests;

5. Face-to-face collaborative workshops between Snowy Hydro and the contractors to
enhance understanding of all aspects of the Project, eg: Employer's Requirements,
approvals, safety expectations, environmental requirements and development of the
Contractor’s design;

6. Updating of Employer’'s Requirements where required to reflect optimised
contractor’s design;

7. Optimisation between the Civil and E&M contractors in consultation with Snowy
Hydro.

One of the main reasons for these key activities was to achieve a best-for-project outcome
by creating an engaged relationship between the Employer, Snowy Hydro, and the
contractors. This meant that whenever issues presented themselves, they could be quickly
and openly discussed and resolved. By investing significant time in this tender development
phase, a significant amount of risk has been removed and managed from the final tender
submissions.

Under an Engineer, Procure and Construct (EPC) contract delivery model, the contractor is
responsible for the design of Facilities. Through the contracting instrument, Snowy Hydro will
establish appropriate review and sign-off points to ensure that key operational aspects of the
design are consistent with the Employer’s Requirements.

Since submitting the tender design, the selected Contractor has proposed several key
optimisations. These optimisations were analysed from the following perspectives;

1. Technical feasibility - review of the proposal by Snowy Hydro and their consultants
Constructability - optimising to ensure the most safe and efficient construction
methodology is adopted;

3. Environmental analysis - undertaking where required a review of environmental
factors to ensure any impacts are assessed and mitigated where possible;

4. Commercial viability - ensuring the solution is analysed from a cost perspective and
that it is within the bounds of the Project; and

5. Stakeholder engagement - review by key Stakeholders both internally and externally
to ensure any impacts are assessed and addressed.
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3 Alternatives within Snowy 2.0

Alternatives to Snowy 2.0 have been addressed previously within the Exploratory Works EIS
(EMM 2018) and the Strategic context and need for Snowy 2.0 (report) appended to the
Snowy 2.0 Main Works EIS (EMM 2019). This chapter describes the options and alternatives
within Snowy 2.0 that ultimately led to the selection of the preferred design for which
approval is sought (ie Snowy 2.0 Main Works). Each element discussed further in this
chapter is listed in Table 2 for reference.

Table 2: List of elements subject to optioneering

T T

Alternative horizontal alignments for linking of | 3.1

Power waterway horizontal
alignment

Location of power station

Design of power station

Hydraulic layout

Water intakes

Tunnel construction
methodology

Pressure shafts and inclined
pressure shaft

Construction sites and adits

Power, communications and
utilities

Transmission network
connection

Construction delivery

Excavated rock management

reservoirs

Alternative locations along the alignment

Alternative underground designs

Design options for hydraulic tunnels and
shafts

Alternative locations and intake design

Alternative tunnelling methods

Design options for pressure shafts

Other sites or additional locations considered

Requirements and alignments considered

Alternative connection options to the NEM

Alternative construction delivery including
transport of materials, segment production,
construction site locations, etc

Alternative rock placement methods and
locations

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.14 and
Annexure
A
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3.1 Power waterway horizontal alignment

Several power waterway alignments were investigated during the Feasibility Study. The
alignment options considered in the Feasibility Study used the previous Ranking Study (SMA
1991) to provide a high-level design on which to build upon. Additional alignment options
beyond those considered in the Ranking Study were also developed for assessment and
consideration. The following alignment options were assessed and are shown in Figure 3:

Base case alignment;

Northern alignment;

Mt Byron alignment;

O’Hares Hill Option 1 alignment; and
O’Hares Hill Option 2 alignment.
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Figure 3: Feasibility Study power waterway alignment options

A desktop study was undertaken to develop these potential alternatives with the key criteria
for assessing the options being:

Functional performance (hydraulic layout and efficiency etc.);

Geological risk (fault zones, weaker material, limestone);

Total length of tunnels (headrace, tailrace and access tunnels);

Access road construction (length and ease of access);

A preliminary construction cost estimate;

A preliminary construction schedule; and

Ancillary factors (surge tank design, sufficient cover for tunnels, spoil disposal,
transmission).

Nookowdh=

The base case alignment was determined to provide the best alignment option and was
carried forward as the preferred option. The Mt Byron, O’Hares Hill Option 1 and O’Hares
Hill Option 2 alignments were considered less favourable due to longer total tunnel routes,
limited surge tank options due to lower topography and poorer geology in the tailrace section
compared to the base case. The Northern alignment provided reduced tunnel lengths but
was considered unfavourable due to the risk of intersecting limestone and poor location for
the main access tunnel. The base case alignment was considered preferable as it provided
improved surge tank options, reduced geological risk, had the second shortest total tunnel
length and notably, allowed easier access to the power station complex offering substantial
construction program benefits.
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3.2 Location of power station

The selection of the optimum location for the power station is based on several factors
including; hydraulics, geology, geography, accessibility, safety, environmental impacts,
construction schedule and cost. During the feasibility study, reference design and tender
design, the location of the power station was constantly challenged and developed with four
locations along the chosen ‘base case alignment’ assessed in detail to determine the
optimum location, considering all key aspects.

It is common for the construction of the access tunnels and power station (main machine
hall) to be on the critical path on any underground hydropower scheme and Snowy 2.0 is no
different. Major programme benefits were identified in reducing the length of the access
tunnels to the power station complex. Moving the power station west along the chosen
alignment achieved a reduction in the length of the access tunnel and a reduced
construction programme. This has been a main driver in the development of the power
station location because a shorter construction brings both cost reductions, helping ensure
the project feasibility, and also reduces the duration of all environmental impacts of the
construction activities. The geological condition, however, have largely governed how far
west the power station could move.

The location of the power station was assessed progressively following the selection of the
preferred power waterway alignment. The options considered for the power station location
are listed below:

¢ Ravine cavern — which was the location identified in the existing Ranking Study;

o Plateau cavern — located just east of the Snowy Mountains Highway in the plateau
area;

¢ Ravine West cavern 1— located 1.5 km west of the Ranking Study location towards
Talbingo Reservoir; and

¢ Ravine West cavern 2 — located 2 km west of the Ranking Study location towards
Talbingo Reservoir.

To select a preferred power station location, engineering design was developed to a level
necessary to determine technical feasibility and assess the expected cost and schedule of
the option.

During feasibility two initial locations were developed in detail along the base case
alignment, the Ravine location was taken as the base case for design and costing and the
Plateau option was assessed in parallel as an alternate. The Ravine option was the
preferred option however the geological conditions were still relatively unknown during
feasibility and the Plateau location, being in a different geological unit, was developed as an
alternate location incase the geological conditions at ravine proved unfeasible.

Ravine West cavern 1 location was also identified as an attractive location during feasibility
but had high risks associated with geological conditions that prevented it's adoption as a
base case until conditions could be investigated.

Following the feasibility stage and the commencement of the geotechnical investigation
confidence in the Ravine location grew and the alternate Plateau option was no longer
required. The Ravine location was then developed further for the reference design. The
Ravine West cavern 1 location was still being considered throughout reference design as
geotechnical investigations progressed.
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During the tender process the Ravine West cavern 1 location was adopted by the tender
designers as the prefered location and developed further as their proposed tender design.
Following award of the contract the power station has continued to be optimised as more
geotechnical information continues to feed the design. The contractors design team
proposed Ravine West West Cavern 2 location as part of the design optioneering
development. Geotechnical investigations have targeted this new West West location and
the initial results are good.

The optimised Ravine West cavern 2 location has been carried forward as the preferred
solution for Snowy 2.0 Main Works and provides great engineering, cost, schedule and
environmental benefits.

The Feasibility Study power station options are shown in Figure 4.
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Figure 4: Feasibility Study power station location options

3.3 Design within the power station complex

Snowy Hydro has extensive experience with operating and maintaining power stations,
experience which has been developed over the last 70 years since the beginning of the
scheme. As such, the on-going development and optimisation of the power station complex
was of key importance to Snowy Hydro throughout the multiple stages of the Project.
Importantly however, changes that occur solely underground have limited to no impact on
the surface.

A number of elements that have since changed throughout the design optimisation process
to ultimately lead to this configuration are based on the following:

e During the early stages of the Feasibility Study design, the draft tube valves were
originally in a separate cavern. To accommodate this, an access tunnel was required
along with a crane system to allow maintenance to be undertaken. In the design
development however, these draft tube valves were relocated to below the
Transformer Hall, therefore removing the need for an additional cavern structure and
all the associated operational access requirements. The need for the additional
cavern was therefore removed, reducing excavation and spoil disposal volumes.

e Cooling water tunnel removed from design and services that used this tunnel now
embedded (drainage & dewatering pipework and cooling water pipework);
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e Cavern for draft tube tunnel to collector tunnel bifurcations removed and bifurcations
moved into niche directly downstream of draft tube valves resulting in reduced
excavation and spoil disposal volumes; and

e With the change from three vertical pressure shafts to one single inclined pressure
tunnel during the competitive tender process, it removed the need for the penstock
guard valves near the upstream surge tank and the associated access tunnel. This
resulted in a reduction to excavation and spoil disposal volumes.

3.4 Hydraulic layout

The hydraulic layout of the proposed facilities was subject to an iterative design process
throughout all design phases of the Project. The hydraulic layout includes the diameters and
number of the hydraulic tunnels and shafts, and defines the capability of the station to
hydraulically convey the volume of water required to produce the power desired within the
time frames required for the design life specified. The design parameters that were used to
optimise the hydraulic layout through the Feasibility Study are listed below:

2,000 MW power station output;

Round-trip efficiency (RTE) target;

start time of 90 seconds;

number of pressure shafts;

high-pressure tunnels and collector tunnels; and
surge tank layout optimisation.

The key impact of changes to the hydraulic layout of the facilities is that it has a direct impact
on the final constructed facilities. For example, any reduction in tunnel diameter has a direct
reduction in the amount of excavated material generated from the Project, improving the
environmental outcomes. Table 3 summarises the key changes that have occurred for the
hydraulic layout, with the final competitive tender process changes outlining the design that
has been carried forward.

Table 3: Development of hydraulic layout

Design phase Summary of design

Feasibility study e Headrace tunnel and tailrace tunnel internal diameter initially at
10.8m and then reduced down to 9m following a detailed
analysis into the relationship between excavated diameter and
capital cost changes against the change to round trip efficiency
of the system during operations;

¢ Intake structure approach velocities of 1m/s were increased to
2m/s to allow for an optimised size of the intake structure and
associated reduced excavation and spoil disposal volumes;

¢ Single 20m diameter headrace surge tank that is confined to
below ground surface; and

e Three vertical pressure shafts.

Headrace tunnel and tailrace tunnel internal diameter increased
to 10m;

e Headrace tunnel surge tank altered to 3 x 12m diameter surge
tanks due to poor geological conditions and concerns around the
constructability of the structures.

Reference design
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Design phase Summary of design

Competitive tender |e Headrace tunnel and tailrace tunnel diameter increased to 10.5m
process to provide for secondary internal lining in areas of por geological
conditions. With additional geotechnical information available,
the diameter of the tunnels was reduced to 9.8m.
¢ Change from in-situ concrete lined headrace tunnel and tailrace
tunnel to segmentally lined tunnels using TBMs as discussed in
section 3.6;
o Movement of power station further west as discussed in
section 3.2;
¢ Single 25m diameter headrace tunnel surge tank returned, and
moved west to facilitate movement of the power station complex
further west. This results in the surge tank now extending above
the ground surface, up to a maximum of 15m;
e Adoption of a single inclined pressure tunnel instead of three
vertical pressure tunnels.

3.5 Water intakes

The following section outlines the design and engineering optimisation that has been
undertaken throughout the project to ensure the best solution is adopted. Each of the areas:
intake location, access, the structure and flow velocities all outline the preferred solution that

has been carried forward.

3.5.1 Intake locations

The intake locations selected for the Feasibility Study were based on the base case power
waterway horizontal alignment. An alternate horizontal alignment was also identified through
the feasibility study with alternate intake locations. This involved relocating the Tantangara
intake connection to the Murrumbidgee River. This proposed alternate options for intakes
and power waterway alignment was referred to as the Northern Tantangara alignment and
was previously considered in a 1949 report (lvanac and Glover 1949) during the early stages
of the Scheme development. The Northern Tantangara alignment and intake locations is

shown in Figure 5.
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Figure 5: Northern Tantangara alignment
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The purpose of this option was to reduce the distance of the power waterway between the
intake structures. The Feasibility Study estimated that the Northern Tantangara alignment
would reduce the length of the headrace tunnel by 4.5 km and the tailrace tunnel by 2 km but
that there would be additional challenges in requiring greater surface excavations by
dredging for establishing an adequate headrace channel and a greater potential for
sediment mobilisation. A closer investigation of the feasibility of the Northern Tantangara
alignment concluded that this option was not commercially attractive, nor appealing
environmentally due to the remoteness of its location.

For the final tender design, the location of the water intake structure on Tantangara reservoir
was a location near Tantangara Dam and for Talbingo reservoir at a point where the
Yarrangobilly river enters Talbingo reservoir.

The design of the intake structures aimed at minimising the visual impact on the Park by
locating the civil works either underground or permanently submerged below MOL. This
resulted in the hydromechanical plant such as stoplogs and control gates which are required
for flow control to be accessible from the ground surface via intake gate shafts instead of a
tower and bridge arrangement jutting out into the reservoir. The top of the intake gate shaft
and access into a gate maintenance chamber would be above maximum flood level. The
intake structures itself would be permanently submerged leaving only the excavation cuts of
the intake approach channels exposed above reservoir level and reducing the visible
evidence of the presence of the intake structure.

3.5.2 Access bridge to intakes

Based on Snowy Hydro’s experience, very little debris accumulates at the trashracks of the
intakes of its existing hydropower operations. It was therefore decided that no access bridge
should be provided at the intakes of the Snowy 2.0 Project for the servicing of the
trashracks. Any maintenance on the permanently submerged trashracks would be carried
out by divers detaching the fixings holding the trashrack panels in place and removing the
trashrack panels from the intake orifice for inspection, an activity which may be required
every 20 years of operational service.

3.5.3 Combined intake/intake gate structure

Given the steepness of the terrain at the Talbingo intake site, the Contractor proposed the
construction of a free-standing intake gate tower and combining the intake gate tower with
the submerged intake in a single structure rather than providing a separate underground
gate shaft and intake structure, as was envisaged by Snowy Hydro’s Reference Design. The
visual impact of the intake tower, extending about 20 m above FSL, would be mitigated by
backfilling around the tower with rockfill, leaving only the tower’s wall facing the reservoir
exposed to view over the full width of the intake tower and a height of about 5 m.
Acceptance of the Contractor’s proposal allowed the height of the intake gate structure to be
reduced which offers improved safety for maintenance personnel accessing the gate
maintenance chamber and a reduction in the excavation volume and height.
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3.5.4 Flow velocities at intakes

It is general design practice to limit flow velocities through the trashracks at the intakes to
about 1 m/s to limit the formation of vortices and surface waves. However, in order to meet
this design criteria for the large design flow involved in the operation of the Snowy 2.0
Project, a very long transition section would be required for the reduction of the 400 m?
orifice at the exit of the intake structure to the tunnel section of about 80 m?. It was therefore
concluded that a relaxation of the minimum flow velocity requirement to 2 m/s would be
acceptable provided that the Contractor carries out hydraulic model studies which prove
compliance with the maximum average flow requirement of 2.0 m/s and that velocities would
not exceed 2.5 m/s at any point through the trashracks. Further protective measures may
include the provision of an exclusion zone around the intake structure to keep members of
the public at a safe distance from the submerged intakes.

3.6 Tunnel construction methodology

The following section outlines the development of the tunnel construction methodology
throughout the Project and establishes the reasons for the preferred solution that has been
adopted.

The Reference Design (Figure 6) was initially developed based on assumed tunnel
construction methodologies which comprised a combination of drill and blast and
mechanised excavation by tunnel boring machine (TBM). These methods were selected
based on assessments of the functional scheme requirements (e.g. excavation shape and
hydraulic efficiency), structural support requirements (temporary support and final lining
types), geotechnical and project risks, safety implications, potential environmental impacts
and impacts on construction costs and program.

As an outcome of the assessments, the eastern half of the headrace tunnel was assumed to
be constructed by TBM, driving in a westerly direction from Tantangara Intake. The western
half of the headrace tunnel was assumed to be constructed by drill and blast, in both an
easterly direction from a construction adit near the Surge Shaft off Marica Trail and a
westerly direction from an intermediate adit located within the Gooandra Plain. The drill and
blast methodology was selected to manage potential geotechnical risks associated with the
Long Plain Fault.

The access tunnels including the MAT and ECVT were assumed to be constructed by drill
and blast methods as it was thought that TBM procurement lead times may cause
construction program delays. The tailrace tunnel was assumed to be constructed by TBM
comprising a precast concrete segmental lining.

During the tender process, the Contractors revisited the construction method assessment
and in the process challenged some of Snowy Hydro’s functional project requirements. This
resulted in changes to the scheme arrangement and the adoption of alternative tunnel
construction methodologies.

In the Contractor’s tender design, the MAT and ECVT construction methodologies were
changed from drill and blast to TBM. This offers quality benefits given the lining can be
precast in controlled conditions and safety benefits given the size of tunnelling crew can be
reduced and segmental lining will be installed immediately behind the excavation face. The
Contractor was able to overcome TBM procurement lead time issues, offering a comparable
overall construction program.
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In addition to the above, the Contractor also revised the construction strategy for the
headrace tunnel by replacing almost all drill and blast portions with a TBM drives. The
revised approach involved constructing the majority of the headrace tunnel by a single TBM
drive in a westerly direction from Tantangara Intake. The proposed changes offer
construction program benefits, minimise the number of tunnelling operations and the overall
construction footprint. Significantly, the intermediate headrace construction adit within the
Gooandra Plain was omitted, avoiding environmental disturbance within a sensitive area of
Kosciuszko National Park. The geotechnical risks identified during the Reference Design can
be mitigated by adaptations to the TBM design.

The headrace tunnel TBM is proposed to be a shielded type, which allows the installation of
a precast concrete segmental lining as the excavation progresses. The TBM will be capable
of operating in both open face and slurry mode where necessary. This allows the
management of health and safety risks associated with the potential presence of naturally
occurring asbestos (NOA), while also additional control of high groundwater inflows during
construction.
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Figure 6: Reference design

3.7 Pressure shafts and inclined pressure shaft

In both the Reference Design and original Tender Design, the headrace tunnel trifurcated
into three vertical pressure shafts on the downstream side of the upstream surge shaft.
These three pressure shafts connected with three deep pressure tunnels which
subsequently transitioned into the Machine Hall.

The vertical shafts were each proposed to be excavated separately from an underground
chamber near the Upstream Surge Shaft, with access to be provided from an adit
constructed from Marica Trail. The deep pressure tunnels were proposed to be constructed
by drill and blast methods, with access to be provided from the MAT or ECVT.

During post tender design optimisations, the Contractor proposed to replace the three
vertical shafts and deep pressure tunnels with a single inclined pressure shaft connecting
the Upstream Surge Shaft with the Machine Hall. The change was made possible by
agreement with Snowy Hydro to omit the upstream guard valves from the project
requirements.
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In the revised arrangement, the Contractor proposes to construct the inclined pressure shaft
using a single TBM drive which will form an extension of either the MAT or ECVT. The
change will reduce the number of tunnelling operations and construction footprint and reduce
the construction personnel requirements. Quality and safety benefits of using a TBM will also
apply as discussed previously. This design has therefore been adopted as the preferred
solution.

In addition, the underground chamber for the pressure shaft construction and the associated
access adit from Marica Trail can be omitted, reducing spoil volumes and the construction
footprint.

3.8 Relocation of the Main Access Tunnel

For the Ravine base case power station location, two options for the location of the Main
Access Tunnel (MAT) portal were identified. The first option involved locating both the MAT
and Emergency, Cable and Ventilation Tunnel (ECVT) portals in Lobs Hole, with access to
be via Lobs Hole Ravine Road. The alternative option involved locating the MAT portal on
top of the escarpment off the Snowy Mountains Highway near the surge shaft, with the
ECVT portal to be located in Lobs Hole as per the first option. As seen in Figure 7 the MAT
had a length of 6.5km with a typical gradient of 12%.
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Figure 7: Original MAT from near the current Marica area

The MAT will be the main operational access to the Power Station. The first option was
initially selected as the base case arrangement due to it having the shortest travel time from
Cabramurra (the closest existing Snowy Hydro regional production office) to the MAT, as
well as two alternative directions of egress from the power station in the case of an
emergency (e.g. bushfire). However, following a review of the available options it was
decided to adopt the alternative MAT option instead as the preferred solution for the project.
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Whilst the alternative arrangement is less favourable for operational access due to the long
drive required into Lobs Hole, it has a significantly reduced length of MAT, reducing tunnel
spoil quantities and allowing earlier construction access to the Power Station Complex which
improves the overall project construction program. Importantly, by not selecting the MAT
from the top of Marica area, there is less impact environmentally as this area is more
sensitive ecologically than Lobs Hole.

3.9 Power, communications and utilities

3.9.1 Construction power

Multiple options were developed during the Feasibility Study for electric power supplies
during construction. These included non-network (e.g. diesel) and network (grid connection)
solutions. Sole use of diesel power stations for construction were deemed cost prohibitive,
environmentally deleterious and considerably increased truck movements through the
National Park during the height of construction. The Feasibility Study found that an upgrade
of the Providence Portal to Tantangara 11 kV line was necessary for power supplies on the
Tantangara side. Likewise, in Lobs Hole, power would be reticulated from Upper Tumut
Switching Station at 33 kV using a new power line following the 330 kV transmission line
easement as far as practicable. Any surplus power was to be supplied from localised, small
diesel generators.

Changes in the construction methodology for the facility and an increase in power
requirements resulted in a shift to having a substation built in Lobs Hole. This substation
would connect to an existing transmission line and be an installation that provides
permanent power to the facility post construction. Development in construction methodology
included excavation by TBM in the Plateau/Marica area at the western end of the headrace.
The solution for the power supply was to build another substation on the Plateau that
connects to another transmission line in this area. This Plateau substation was to be a
temporary installation as there are no large permanent power requirements in that area. This
Plateau substation would also allow some redundancy with the Lobs Hole substation i.e.
transformers and other equipment could be used as spares across both installations.
However, the final construction methodology changed to launch the TBM at Tantangara and
the requirement for the substation disappeared.

The construction power requirements at Tantangara increased considerably as a result of
the final execution methodology. This pushed the upgrades on the Providence Portal to
Tantangara power lines out of commercial feasibility. The solution for this was to investigate
whether power could be reticulated from the Lobs Hole substation to Tantangara via the
Plateau using underground power cables. This feasibility was verified for both the
construction and permanent loads and upgrade works to the Providence Portal Tantangara
power lines ceased development. The option exists, once the facility is complete, to
relinquish and remove the Providence Portal to Tantangara line, returning the easement to
National Parks. However, it is not part of this Approval.

The substation in Lobs Hole will be kept to a minimum size through the use of gas insulated
switchgear (GIS). An option would have been for an air-insulated substation to keep capital
costs lower. The footprint for this substation would be much larger and visually far less
acceptable.

In summary, the construction power methodology has been selected on only one source
location, removing the requirement for multiple substation sites across the project alignment.
The power supply cable will be in the same alignment as the communications cable which is
a permanent requirement for the project, therefore not requiring any additional disturbance
areas. This has been adopted for the Project.
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3.9.2 Communications cable

The requirement for communications is dual, redundant paths between the power station,
headrace surge tank, Tantangara intake gate structure and Talbingo intake gate structure.
This communications infrastructure is required for personnel and plant protection, data
acquisition and control, corporate networking at all sites and general radio/mobile/telephone
communications. Multiple options were investigated during the Feasibility Study including:

e Microwave radio solutions from Tantangara intake structure to the power station;

e Underwater fibre-optic cabling in Talbingo reservoir to communicate from Talbingo
intake structure to existing infrastructure at Tumut 3 Power Station; and

e Fibre-optic cabling installed the hydraulic tunnels from the power station to
Tantangara.

Use of microwave radio solutions was largely eliminated due to the reliability of the systems
during weather events and general technology limitations. As a result, dual, redundant fibre-
optic communications systems between all sites is required. However, fibre-optic cabling in
hydraulic tunnels was eliminated as the risk of cable issues warranting a tunnel dewater was
too great. The construction methodology of the hydraulic tunnel (which was still in
development) would also impact the cable installation feasibility. Ideally, solutions where
fibre-optic cabling is buried were the most advantageous as it is the best way of ensuring
cable security.

For the Talbingo intake structure, dual, redundant fibre-optic systems will be achieved via
the cable in Talbingo reservoir and some terrestrial fibre-optic cabling to the MAT portal. The
loop would be completed via overhead optical ground wire (OPGW) from the facility to
Tumut 3 Power Station via new and existing transmission lines.

For Tantangara intake structure and the headrace surge tank in the Plateau/Marica area,
one path of fibre-optic cabling would be buried along the same route as the permanent
electrical power cabling. This route will join Tantangara to the MAT portal via Gooandra Trail,
the Snowy Mountains Highway, Marica Trail and Marica Trail West. Sections on this route
not on existing access tracks would be horizontally under-bored to reduce environmental
disturbance.

The other path from Tantangara to complete the loop was originally selected as follows:

e Power line easements from Tantangara to Providence Portal;
e Power line easements and access tracks from Providence Portal to Kiandra; and
e Kiandra to Cabramurra via Link Road and Kings Cross Road

Some problems with this route were identified; the sections in the power line easements had
some challenging terrain constraints, and required discussions/negotiations with the third-
party easement holder. An option was developed that effectively ‘bridged’ Kiandra to
Tantangara via existing access tracks and Tantangara Road. This completely removed the
in-easement solutions. The new route from Kiandra to Tantangara via Alpine Creek Fire
Trail, Nungar Creek Fire Trail and Tantangara Road reduced the total route by about 5
kilometres. In areas where no access track existed, sections would be horizontally under-
bored to reduce environmental disturbance. The link from Tantangara to Kiandra would
continue to Cabramurra via Link Road and Kings Cross Road to connect into existing Snowy
Hydro communication networks in Upper Tumut.
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3.10 Transmission network connection

The Feasibility Study analysed different configurations and line route options for connection
of the motor-generators into the National Electricity Market (NEM). One design criteria was
minimisation of lines in the National Park to reduce environmental footprint whilst
maintaining electrical redundancy in case of failure or maintenance (i.e. ability to still
generate/pump when one or more lines are out of service). The Feasibility Study found that
six lines, strung on three towers, was the optimal configuration with one motor-generator
arranged on each line. This considerably reduced the size of the cable yard (where the
underground power cables from the motor-generators terminate at the surface in the Ravine
and transition to overhead conductors). The line route selected is one of the shortest routes
out of the National Park. These lines connect into the shared transmission network at a
location approximately 9 kilometres west of Lobs Hole.

Further iterations of design reduced the number of lines for connection into the shared
transmission network. This reduced the environmental footprint without forsaking electrical
redundancy for the facility. However, this required connecting the six motor-generators into a
switching station that reduced the number of outgoing lines to four or three. To optimise the
environmental footprint in the cable yard, this switching station was originally specified as an
underground gas-insulated switchgear (GIS) substation, abutted against the transformer hall.
During tender, concerns were raised about maintenance challenges with the switchgear
underground. Complexities in addressing the SF6 gas in the underground ventilation system
and the additional spoil from the cavern added further detriment to this solution. To this end,
the GIS substation was moved to the surface in the original location of the cable yard. The
footprint comparison of the original cable yard, where six cable systems transitioned to six
overhead lines, is of similar disturbance to the GIS substation.

3.11 Construction delivery

As the Project progressed through the various phases, from Feasibility Study to the
competitive tender process, the construction delivery methodology of the Project has also
progressed. The key items discussed are:

On-water transport and delivery to site;
Segment factory location;

Changes to construction sites and adits;
Reduction in roads needed for construction; and
Accommodation changes for personnel.

3.11.1 On-water transport

During the development of the Exploratory Works EIS and the ecological assessments
undertaken, certain mitigations were investigated to minimise vehicle movements along Lobs
Hole Ravine Road. One mitigation option considered was utilising Talbingo Reservoir for the
delivery of large equipment and machinery in order to reduce the design standard of the
access road required for the accommodation of the largest design vehicle accessing the
site by road.

During the competitive tender process, one of the tenderers proposed to take this concept
further, and deliver all personnel, equipment and plant via Talbingo Reservoir. This would
allow for access directly into Lobs Hole via water therefore reducing significantly the quantity
of both, light and heavy vehicles, that utilise Snowy Mountains Hwy, Link Rd and Lobs Hole
Ravine Rd during the construction phase of the Project.
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In both cases, and particularly for the latter, the option increased construction risks through
the higher chance of poor weather restricting the use of water-based transport for materials
and supplies to site, therefore increasing the storage area required within Lobs Hole to
ensure sufficient contingency for uninterrupted supply. When these options were priced by
the tenderers during the competitive tender process, they were found to not be economically
feasible due to the large capital and mobilisation cost of all the on-water equipment required
for transport.

A key benefit of not continuing with this option was that it reduced the restrictions on
recreational users on Talbingo Reservoir by removing the majority of the water transport
movements. The use of Miles Franklin Drive through Talbingo township was also
concurrently significantly reduced.

3.11.2 Segment factory

As discussed previously, during the competitive tender process, the main construction
methodology for the headrace and tailrace tunnels was changed from drill and blast
construction method to the use of tunnel boring machines. The lining of the tunnels therefore
changed from casting concrete in-situ to adopting pre-cast concrete segments. As such, a
precast segment factory was now required for the Project.

Due to the limited space at Lobs Hole and the desire to limit the amount of clearing of non-
disturbed areas of the Project, the segment factory would need to be located outside of
Kosciuszko National Park. A number of options were investigated by the tenderers during
the competitive tender phase, including:

e existing facilities as close to the Project site as possible;
e construction of a new facility close to the Project site; and
e overseas manufacturing of segments and sea and road transport to site.

Ultimately, local manufacture of the precast segments was selected due to the desire to
provide local employment opportunities. Locating the segment factor close to a local
community is considered to be an important factor as it provides an opportunity for people
who have expressed interest in working on the Project to be employed who would otherwise
have been unable to commit to living away from home and families and be accommodated in
camps on the construction site.

3.11.3 Construction sites and adits
Rock Forest

As tunnels would be excavated by TBM and lined with concrete segments, therefore
requiring greater transport of materials to and from site, it was determined that an
intermediate site was required before entering KNP to allow for safe logistics and staging of
transport of materials. This site was located at a private property just outside the boundary of
the Park, named Rock Forest.

Initially the site was developed for logistics and accommaodation, including:

e hardstand including truck parking, materials laydown, offices and facilities to allow
logistics and staging of deliveries, in particular to manage traffic logistics, safety and
severe weather; and

e contingency accommodation (up to 100 person camp) for workforce intensive periods
or during adverse travel conditions.
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Due to further development of construction delivery and the preferred option for local
manufacture of segments, the scale of the site was significantly reduced by the Contractor,
including removal of accommodation and materials handling at the site.

Mid-headrace adit

Throughout the Reference Design period of the Project, when the western half of the
headrace tunnel was proposed to be constructed by drill and blast method, a mid-headrace
access adit was proposed (shown on Figure 8). This adit provided access from the Plateau
region of the Project to the headrace tunnel.

S ] Y S J
o ."Ilr i "I-\‘--"' .-'/
§ 4 s .1 : : / ;z*-.ll -
S= RS AT R e i e B R _ 5 TANTANGARA
L _.I.n” e s S, ot — - RESERVOR |
L )
A e tl : "
Lo, 7 cooanosn 510, [P HEADRACE TUNNEL o
47 = CONSTRUCTION ADIT |} MT11 J

= |

. !

- POCKET SADDLE ROAD
A e T

TANTANGARA DM~

Tk A CTANTANGARA CONSTRUCTION
Ft ADIT IMTST

.ﬁﬁﬂ..\N[:IRA TRAIL o ..-_-__ --..-i_. .'- ot _.-..-.\ : .

Figure 8: Reference design showing mid-headrace adit

The removal of this access adit eliminated the need for a construction road as well as tunnel
portal and construction camp that would have been required in an environmentally sensitive
area.

Marica adit

The Contractor’s initial tender design included an adit at Marica to aid construction of the
pressure shafts. Following the change in design to an inclined pressure shaft, moving the
power station location westward and shortening of the MAT and ECVT, there was no longer
a need for the Marica adit. This had significant environmental, economic and schedule
benefits.

Penstock guard valve access adit

The Contractor’s design provides for the guard valve for the isolation of the power station
from the headrace tunnel to be located just upstream of the power station cavern rather than
in a cavern immediately downstream of the headrace tunnel surge shaft. The removal of the
guard valve cavern, access tunnel and portal has a significant reduction in excavation and
spoil disposal volumes and a reduced surface impact.

3.11.4 Road reduction

During the design development process, the optimisation of the road design considered
constructability, environmental impact and permanent operational requirements.
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Marica West Road (Figure 9) links the headrace surge tank area and Marica Rd, to Lobs
Hole and the MAT. Originally this road was intended to be a two-way road to provide both
construction and permanent operations access between the two areas. However with an
elevation difference of approximately 500 to 600 m, the road required significant earthworks
and large cuts into the hillside to ensure that it had a final gradient that was suitable.

During the tender process, and after assessing the constructability of the road, it was
reduced from a two-lane road to a single lane road only with the final gradient of road also
increased. The road is now only required to provide the link for construction power and the
communications cable from Lobs Hole to the Plateau area and across to Tantangara. This
optimisation of the design has resulted in reduced surface disturbance impacts in an area of
increased biodiversity value and reducing the final volume of excavated material that is
required to be managed.

' -
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Figure 9: Change in design from Reference Design (grey/blue) to final Tender design (yellow)

3.11.5 Accommodation changes

The need for onsite accommodation is due to the remote site location of Snowy 2.0 and to
minimise the impact on the surrounding community as much as possible. The reference
design included two main camps, one at Lobs Hole and one at Tantangara. However, the
Contractor during the tender phase identified the need for a third camp at Marica. This was
to alleviate travel to and from the headrace surge shaft and vent shafts and create efficiency
in the construction programme. The size of the camp was determined based on these
activities.
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3.12 Excavated rock management

Throughout the life of the Project, from the beginning of Feasibility Study, into the Reference
Design and then into the competitive tender process, numerous options and alternatives
have been investigated for the management of excavated material in the Project. These
include:

Barges with fall pipe (Reference design);
Split-hopper barge placement (Tender design);
Ravine Bay placement;

Combined Ravine Bay placement and fall-pipe;
All to land within the National Park;

All to land out of the National Park; and

Hybrid (combined reservoir and land).

Of these long list of options, some were discounted and others were carried forward for
further assessment. In this chapter, only the options that have been discontinued and not
adopted are outlined. The options that were carried forward for further assessment are
discussed separately in the Main Works EIS excavated rock management options summary,
attached to this document (refer Annexure A). As such, only the following are discussed:

e Split-hopper barge placement (Tender Design);
e Combined Ravine Bay and fall-pipe placement; and
e All to land out of the National Park.

3.12.1 Split-hopper barge placement (tender design)

This option was originally proposed and investigated during 2018 through the development
of the Reference Design by Snowy Hydro, and then refined during the competitive tender
evaluation process with input from the Contractor.

Method

Three subaqueous excavated rock placement locations, namely Cascade Bay, Plain Creek
Bay, and Ravine Bay, were identified in the southern end of the Talbingo Reservoir for the
excavated rock as outlined in Figure 10 below.

The key premise of the method is excavated material disposal in deep placement below the
Minimum Operating Level (MOL) of the reservoir. This would be achieved through:

1. Transportation by vehicle (dump truck) from the tunnel portal to wharf infrastructure;
Loading of material onto large barges using on-shore conveyor systems, taking the
material directly from the on-land stockpile to the barge;

3. Utilising large split-hopper barges only, instead of transport barges and disposal

barges;

4. Three split-hopper barges would be utilised, rotating between the three disposal
sites.

5. No deep fall-pipe placement; and

6. Silt curtains.
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Figure 10: previous subaqueous rock placement locations in Talbingo Reservoir

Opportunities, challenges and risks

This option poses a number of key challenges and risks which as a result, make the final
selection of this method unsuitable. The key challenges and risks are:

e Variability of water levels at Talbingo reservoir (fluctuates 9 m) due to the continuing
Snowy Hydro operations throughout the project resulting in risk of delay to the
inability to maintain a constant placement rate;

e Poor weather conditions such as high winds and foggy weather causing delays to
placement rates;

e Mobilisation and movement of barges along Talbingo reservoir impacting recreational
users and closure of the southern section of Talbingo Reservoir due to the movement
of barges at all hours of the day for the 2.5 years of placement time;

e Slower rate of placement resulting in larger disturbance area required in Lobs Hole to
temporarily store material as generation rate was greater than disposal rate;

e Large infrastructure required to be established at Talbingo spillway and in southern
Talbingo to facilitate the movement of material onto the barges, as seen by Figure 11
and 12 below.
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FOR ELEVATION AND
DETAILS OF WHARF
STRUGTURE REFER
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ACROSS ALL WATER LEVELS.

(032

INDICATIVE LOGATION
OF BERTHING PILES

95 No 1500 WIDE X 10000 LONG
RC PRECAST PLANKS (REFER
TO TYPICAL SECTION ON
LEGEND SHEET No 3032)

LIDAR CONTOUR (10m INTERVALS)

'HYDROSURVEY CONTOUR (1m INTERVALS)

FULL SUPPLY LEVEL (FSL) =RL 543.19m AHD. NOTES

M. (MOL) = RL 534.35m AHD 1. FORGENERAL NOTES, REFER TO DRAWING No SG-CS06-SDRG0016

Figure 11: Infrastructure required for this method in southern Talbingo, including wharf structure, barge
ramp and conveyor system
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|| AREA AVAILABLE= 175m*
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ROAD WIDENING
/AND TURNING
AREA FOR TRUCKS
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PILES @1200 X 25 AT 12.5m CENTRES.

TOP OF PILES TERMINATE AT RL 547m AHD LETON UET OFR STRUCTLRE

REFER TO DRAWINGS
SG-CS06-S-DRG-2030

POTENTIAL BARGE RAMP
LOCATION DUE TO MINIMAL
EARTHWORKS REQUIRED

64 No 1500 WIDE X 10000 LONG
RC PRECAST PLANKS

Figure 12: Required infrastructure for this method: including barge ramp, wharf structure and laydown
area at Talbingo Spillway
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3.12.2 Combined Ravine Bay and fall-pipe placement

The original method for sub-aqueous edge placement of the excavated rock disposal was
proposed as an alternative to deep placement within the competitive tender process. During
the later stages of the tender design optimisation and with the aim of investigating
improvements to the water quality outcomes, a modification of the edge placement was
proposed.

Method

The key fundamental difference of this method is the separation of coarse and fine material,
with the placement of the coarse material as per the original sub-aqueous edge placement
method, and the fine material through a static barge and fall-pipe.

The following sequence is used to achieve this methodology:

1. Construction of a new access road from Lobs Hole Ravine Road (North) to the
disposal site at the confluence of the Yarrangobilly River and Tumut River arms of
Talbingo Reservoir, see Figure 13;

2. Transportation of the material to a screening plant to separate aggregates >10mm for
placement from the edge method and the remaining fines < 10mm will be placed
through the fall-pipe;

3. Transportation by vehicle (dump truck) from the tunnel portal to the edge placement
site;

4. For coarser material >10mm, the placement of material from the shoreline of
Talbingo reservoir is by conventional earth-moving plant such as dump trucks and
excavators on top of the fines deposit;

5. For finer material <10mm, the material is transported via a telestacker/conveyor from
the shoreline to a barge located for placement using fall-pipe and placed within the
placement area;

6. A nominal 1 m thick rock armor layer above MOL will be installed for the protection of
spoil emplacement slope surface; and

7. Asilt curtain will be established around the footprint of the proposed spoil
emplacement site to manage the release of material into Talbingo reservoir.

Below is an indicative representation of the conveyor system used to transport the material
to the barge for placement using a fall-pipe.
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.

I i

Figure 13: Indicative representation of conveyor system for placement

The final emplacement area will be established at least one metre above FSL to allow for
long term rehabilitation of the area. Landforming of this final area will be undertaken to
ensure natural drainage features are maintained and that it ties until the existing natural
landform.

Opportunities, challenges and risks

This method presents many improvements compared to the split-hopper barge placement
method. These are:

e Removal of the majority of barge infrastructure from Talbingo Reservoir (a barge or
similar vessel will be required for placement of the silt curtain);

e Improved water quality outcomes compared with Ravine Bay Placement;

e Southern section of Talbingo no longer requires closing to recreational users as
emplacement area isolated to the Yarrangobilly River arm; and

e Compaction of emplacement area material when above the water level to achieve
greater placement volume within the equivalent footprint.

However, there are key challenges and risks with this method that have resulted in the
method not being selected and carried forward. These are:

e Additional requirement of the conveyor and barge with fall-pipe for disposal of the
finer material, compared with the original sub-aqueous edge placement method;

e Additional space required on-land for material separation plant and temporary
storage of material; and
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e Decreased economics of this option compared to the original edge placement
method through primarily the additional equipment required of conveyors, barges and
separation plant.

3.12.3 All to land out of the Kosciuszko National Park

Several excavated rock disposal methods for on-land disposal were considered throughout
the design and construction development process. Originally on-land disposal within the
National Park was not considered viable due to the concerns by NPWS over permanent
excavated rock disposal sites on-land. This has recently been reconsidered, particularly as it
removes all reservoir water quality risks. Disposal of material outside of the National Park
was also considered throughout the process. Primarily this has been investigated at the
Tantangara end due to original challenges of deep placement method in Tantangara
Reservoir, and the increased material transport distance from the Talbingo end of the
scheme making this option less-viable. However, both Tantangara and Talbingo out of the
National Park excavated rock disposal methods have been investigated.

Method

For the Tantangara end, the option of transporting the excavated material to a site just
outside of the National Park to the east was investigated. In order to facilitate this, a
significant upgrade of an existing fire trail would be required from east of the Tantangara
Dam wall to the selected site, approximately 14 km.

For the Talbingo end, the option of transporting the material to a site outside of the National
Park towards Adaminaby was investigated. This site was preferred to areas West and North
of the National Park due to the fact it utilises the main transport route to site and avoids the
challenging and steep roads of the Elliot Way heading West from the site and Talbingo
Mountain to the north on the Snowy Mountains Hwy.

Opportunities, challenges and risks

The key issue with transporting excavated material out of the National Park is the transport
required. For the Talbingo end of the Project as an example, to transport the entire 2.8
million m? of material, and with a bulking factor on the material applied, approximately 210
truck and dog transport movements one way would be required a day for the duration of the
two and half year placement period. With the existing traffic movements on the roads within
KNP, it was deemed to be unfeasible to more than double these movements each day. For
the Tantangara end, the large distance of upgraded road required and the visual and
physical impacts that this would have on the ecological surroundings of the area were also a
factor in why the disposal method was disregarded.

Page 30 of 33



4 Design integration and assessment approach

As evident by the previous sections, there are several complexities requiring consideration in
the design of Snowy 2.0 Main Works. A key consideration is the possible environmental
impacts that may occur as a consequence of design, such as clearing required for the
construction footprint. As such, an iterative and risk-based design and assessment process
was adopted in identifying and assessing potential environmental impacts (the DIAA
process, as shown in Figure 14). This process was undertaken to assist in assessment of
options and development of design and construction methods that avoided or minimised
environmental impacts where possible, and allowing for engagement with key stakeholders
throughout the process.

START INITIAL

DESIGN
DESIGN
e ITERATION ...
' ENGAGE
DESIGN
ITERATION
v [ mons |
MINIMISE
REASONABLE
& FEASIBLE
TEST

Figure 14: Design integration and assessment approach (DIAA) process
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Implementation of the DIAA process to optimise the design resulted in some significant
environmental improvements and outcomes. Primary design improvements with regard to
the design information presented in Section 3 include:

Discounting construction of a power station, and associated access adits, beneath
the Plateau rather than Marica. This avoided significant impacts to threatened
ecological communities, such as Alpine bogs and fens, and species, such as Alpine
she-oak skink.

Significant reduction in the disturbance footprint for the Marica West track down to
Lobs Hole. There were further design improvements in this area through the removal
of a construction adit and associated construction area to facilitate these
excavations. Together, these improvements have avoided significant impacts to the
critically endangered Smoky Mouse.

Reduction in overall excavated materials due to revised tunnelling layouts and
alignments, including removal of adits and relocation of the power station further west
minimising the currently approved exploratory tunnel (which would be the MAT if
Snowy 2.0 Main Works is approved). This reduced the volumes of materials to be
handled and placed within the reservoirs.

Removal of some construction areas and requirements from the footprint within KNP
by choosing to construct a segment factory at Polo Flat in Cooma (subject to a
separate application) which significantly reduced traffic volumes for the construction
materials for these segments within KNP, and reduced the amount of land required to
be cleared in the park by about 32 ha.

Establish a logistics yard at Rock Forest, just outside the KNP (rather than within the
project area), to store materials and manage traffic when required such as during
adverse conditions. This improves Snowy Hydro’s ability to manage impacts to the
road network and improves road user safety during adverse conditions.

Reuse 1,000,000 m?3 of materials to landform and rehabilitate areas at Lobs Hole
disturbed from construction, reducing the footprint volumes and timeframe of the
Ravine Bay placement which reduces potential water quality impacts to Talbingo
Reservoir.

Reduction in barge infrastructure resulting in avoidance of areas being disturbed and
longer term potential for disruption to the Talbingo community.

Removal of an option to construct a road east of Tantangara Reservoir to a nearby
private property, just outside KNP, to place excavated rock materials rather than in
the reservoir. This avoided significant impacts to the critically endangered flora,
Clover glycine.

Reduction in excavated rock emplacement footprint within the reservoirs to focus on
a single location within Talbingo Reservoir and within active (and dry during
construction) storage at Tantangara Reservoir. This avoids direct impacts to
previously proposed emplacement areas.

Maintenance of the 50 m buffer around the Yarrangobilly River to protect its values
and habitat to the endangered Booroolong frog.

Reduction of access road works by some 20 km which avoids further environmental
impacts through disturbance activities.

Removal of the need to augment the existing Essential Energy transmission line for
power for power to infrastructure at Tantangara Reservoir. This avoids further
environmental impacts through disturbance activities.

Avoidance of the Ravine cemetery within Lobs Hole which preserves the heritage
values of this location.
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5 Conclusion

Since the Feasibility Study was announced in March 2017, Snowy Hydro has undertaken a
significant amount of due-diligence and optimisation of the design from all perspectives:
engineering feasibility, construction feasibility, environmental impacts and economic
outcomes.

Working from the original studies undertaken by Snowy Hydro in the past, the alignment of
the power waterway (headrace and tailrace) and power station location has been optimised,
with the proposed solution balancing out the engineering, construction and environmental
outcomes. The tunnel alignment provides the best possible route between Tantangara and
Talbingo as it avoids more challenging geology and terrain while maintaining the best
hydraulic outcomes for the project.

The power station location, being located as far west as possible whilst still meeting the
hydraulic requirements, has reduced the access tunnel lengths and ensured that is
constructed in improved geological conditions compared to the original location. The
geological investigation program that has been on-going since the Feasibility Study has
confirmed this.

The final intake location and construction methodology has ensured that environmental
impacts are minimised. All on-land construction of the intakes without the need for coffer
dams has meant water controls are limited to only the final rock plug removal. The design of
the intakes themselves have been optimised to reduce their final size, therefore reducing the
visual impact.

Moving away from D&B construction methodology of the power waterway to TBM
construction ensured that the mid-headrace construction adit, located in an environmentally
sensitive area was no longer required. The TBM construction is able to manage the
geotechnical risks in a more controlled manner and improves the safety of the workers
involved when compared with D&B methodologies.

The decision to move to the single inclined pressure shaft has removed the need for an adit
from Marica, as well as the significant underground guard valve chamber on top of the
previous three vertical pressure shafts. These optimisations have reduced the amount of
work required in the Marica area of the project, an area with environmental sensitivities and
limited existing disturbance compared with Lobs Hole.

From a construction delivery point of view, there have been a number of optimisations and
changes that have improved the way the project will be constructed. The move away from
on-water access to site has effectively removed impacts to recreational users on Talbingo
Reservoir. The optimisation of construction power from three individual supplied areas to
only one area, and combining with the communications cable alignment, has reduced the
amount of construction required and overall disturbance footprint.

Overall, a significant amount of design and construction optimisation of the Snowy 2.0
project has occurred since the commencement of the project. Snowy Hydro has always
operated in an environmentally sensitive National Park and is therefore attuned to ensuring
the design and final construction is optimised to deliver a project that enhances the energy
market of Australia, whilst ensuring environmental impacts are minimised as much as
possible.

Reference should be made to the Snowy 2.0 Main Works design, presented in Chapter 2 of
the EIS Main Report for a summary of the final design carried forward for approval.
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