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1 Introduction 

1.1 Project purpose, concept and location 
 

1.1.1 Purpose 

¢ƘŜ ǇǊƻƧŜŎǘΩǎ ǇǳǊǇƻǎŜ is to deliver additional firming capability in the supply of electricity to 
the operations of SIMEC Mining and Liberty Primary Steel in the Whyalla region, and to 
provide surplus electricity to the grid via SIMEC ZEN Energy (an energy supplier). 

 

1.1.2 Concept 

¢ƘŜ ǇǊƻƧŜŎǘ ŎƻƴŎŜǇǘ ƛǎ ǘƻ ǳǘƛƭƛǎŜ {La9/ aƛƴƛƴƎΩǎ LǊƻƴ 5ǳŎƘŜǎǎ bƻǊǘƘ ƳƛƴŜ in the South 
Middleback Ranges as the site for a pumped hydro facility (the SMRPHES facility) once 
mining has finished at that location.  Key features of the project concept are: 

 

¶ the existing mine pit will be used as the lower reservoir; 

¶ an upper reservoir will be constructed on the mine waste dumps above the mine pit 
using waste rock from current mining operations;  

¶ the project would be constructed while mining is progressing to take advantage of 
the synergies and cost-savings that could be delivered from that activity; and 

¶ the pumped hydro project would commence operations in early-mid 2023 after the 
conclusion of mining at the site. 
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1.1.3 Location 

The location of the project can be seen in the map below: 

 

 

1.2 The base case for the project 

1.2.1 Sizing and grid connection 

The base case for the purposes of this study was the following: 

¶ Connection to the National Electricity Market via the existing ElectraNet transmission 
network; 

¶ 1,500 MWh of storage; and 

¶ 110 MW of generation (the possibility of sizing being expanded is currently under 
active consideration). 

The Iron Duchess North mine pit is a versatile asset for a pumped hydro project and there 
are many other options for it, but the above base case was settled upon as a realistic 
configuration for the study. 

1.2.2 Design and layout 

A preferred, single, go forward technical design and layout was not selected at this stage 
because it was considered premature to do so despite the substantial amount of engineering 
design and other analysis undertaken thus far.  In the course of the study many permutations 
for the best design and layout were considered and tested.  At a high level the conceptual 
differences between the 11 design options was not great and what is basically the base 
conceptual design and layout can be seen in the drawing below: 
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Although there are cost differences between the various design options considered, there 
are no material operational differences between them. 

The final preferred design and layout is yet to be developed, and the final configuration will 
be influenced by many factors including further electricity market analysis, government 
policy and whether there is a firm decision from the Australian Energy Regulator for 
ElectraNet to proceed with the proposed transmission line expansion on Eyre Peninsula.  The 
versatility of this project site, and the mining fleet and other resources currently available to 
it, means that the selection of the final design and layout can be delayed for a period in order 
to ensure the best design and layout is selected.   

The hydro design and layout considerations are considered in greater detail in Section 4 of 
this report. 
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2 The strategic context 

2.1.1 Electricity prices 

As part of their work for this study, Jacobs provided the following projections for electricity 
prices in the National Electricity Market (NEM) were obtained: 

 

 

Key assumptions of the market modelling are set out below: 

Parameter Assumption 

Demand growth AEMO 2018 Electricity Forecasting Insights (EFI) update - neutral demand scenario (Released 

March 2018). 

Gas prices Around $10/GJ 

Coal price Coal prices are based on the Wood Mackenzie outputs published and used by AEMO as part of 

the 2017 ESOO 

Emissions policy Emissions Policy of the National Energy Guarantee 

Renewable 

energy policies 

LRET continues operation in current form.  

1st stage of VRET included ς 674MW Wind and 255MW Solar  

vǳŜŜƴǎƭŀƴŘ ΨwŜƴŜǿŀōƭŜǎ пллΩ Ǉƭŀƴ ƛƴŎƭǳŘŜŘΣ ŎƻƴǎƛǎǘƛƴƎ ǊŜǾŜǊǎŜ ŀǳŎǘƛƻƴ ŦƻǊ плл a² 

renewables including 100 MW of energy storage.  

2nd stage of VRET not included (40% renewables by 2025) as final decision is contingent on 

ōŜƛƴƎ ƭŜƎƛǎƭŀǘŜŘΦ {ǳōǎŜǉǳŜƴǘ ǎǘŀƎŜǎ ƻŦ ǘƘŜ ΨtƻǿŜǊƛƴƎ vǳŜŜƴǎƭŀƴŘ tƭŀƴΩ ƴƻǘ ƛƴŎƭǳŘŜŘ ƛΦŜΦ рл҈ 

ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǘŀǊƎŜǘ ōȅ нлолΣ ǎƻƳŜǘƛƳŜǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ Ψvw9¢ΩΦ 

Retirements of 

coal fired power 

stations 

Liddell within the financial year of 2023.  

Yallourn is assumed to retire progressively from 2031 to 2034.  

Gladstone is to retire in 2030. 

Interconnector 

upgrades 

QNI upgraded by 300 MW in both directions by 2023 and Snowy Hydro 2.0 associated 

upgrades. 
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Snowy Hydro 2.0 Starts operations in FY 2026-2027 

Distributed 

battery storage 

Forecast as proposed in the ESOO 2018 (published in August 2018) 

Table 1 - hǾŜǊǾƛŜǿ ƻŦ WŀŎƻōǎΩ ōŀǎŜ ŎŀǎŜ ŜƴŜǊƎȅ ƳŀǊƪŜǘ ƳƻŘŜƭƭƛƴƎ scenario (Source: Jacobs, 20180918 SIMEC Mining 
Scenarios Table clean rev 5.1.pdf) 

!ƭǎƻΣ WŀŎƻōǎΩ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƛŎŜ ǇǊƻƧŜŎǘƛƻƴǎ ǿŜǊŜ ǘƘŀǘ ǘƘŜ Ŏƻǎǘ ǘƻ Ŧƛƭƭ ǘƘŜ ǳǇǇŜǊ ǊŜǎŜǊǾƻƛǊ ǿƻǳƭŘ 
be ~$40/MWh upon its commissioning and that this cost would fall to ~$25/MWh after 
about 2034. 

It is to be noted that prices in South Australia are forecast to drop to mid-$80/MWh in 2019 
(compared to current prices of $128/MWh) with prices stabilising by 2027 in the range of 
$65/MWh to $75/MWh.  However, it is worth noting that άAEMO forecasts risks to supply in 
the next five years in South AustraliaΣ ŘǳŜ ǘƻ ǘƘŜ ǊŜƎƛƻƴΩǎ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘƴŜǎǎ ǿƛǘƘ ±ƛŎǘƻǊƛŀέ1. 

 

  

                                                                 

 

1 !9ahΩǎ ά{ƻǳǘƘ !ǳǎǘǊŀƭƛŀƴ 9ƭŜŎǘǊƛŎƛǘȅ wŜǇƻǊǘέΣ bƻǾŜƳōŜǊ нлмуΣ ŀǘ ǇΦрΦ 



 

8  |  SMRPHES facility ς Pre-feasibility Study Report 
 

 

 

 

3 Scope of the pre-feasibility study 

3.1 Study scope 

The scope of the study was to look at all matters relevant to a pumped hydro facility at the 
Iron Duchess North mine other than those matters excluded in Section 3.2 below. The study 
was done on a pre-feasibility basis and based on the likely configuration of the mine pit and 
surrounding areas after mining concludes in 2023.  The study was also based on the existing 
grid transmission capability in the region.  The key assumptions behind the study are set out 
in Section 3.3 below. 

The pre-feasibility study primarily looked at the issues of constructability and financial 
viability, however tenure, regulatory arrangements and other matters have also been 
considered to a degree suitable for this stage of the project. 

 

3.2 Work excluded from scope 

The following elements were excluded from the scope of work conducted:  

¶ Other possible pumped hydro sites ƻƴ {La9/ aƛƴƛƴƎΩǎ ƻǇŜǊŀǘƛƻƴǎ in the Middleback 
Ranges; 

¶ Generation of new sources of water; and 

¶ Detailed consideration of the implications of a new expanded ElectraNet transmission 
line for the Eyre Peninsula, which has been proposed by ElectraNet to the Australian 
Energy Regulator. 

 

3.3 Key assumptions 

The following assumptions were made in the conducting the study:   

¶ Regulatory approvals ς it has been assumed that all necessary regulatory approvals 
will ultimately be obtained; 

¶ Tenure - it has been assumed that secure, long term tenure will ultimately be secured;   

¶ Electricity pricing, modelling, CAPEX, OPEX and investment evaluation ς numerous 
assumptions have been made and are broadly set out in this report;   

¶ Unless otherwise specifically stated, all the CAPEX amounts referenced in this report 
are the (unescalated) P50 amounts using the AACE Standard for the Hydropower 
Industry as calculated by Turner & Townsend; and 

¶ The potential economic value of the SMRPHES facility has been calculated on the 
basis that it is a stand-alone electricity project. 
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4 The pumped hydro facility  

4.1 Overview 
The technical proposal for the pumped hydro facility is based on well understood, 
established hydropower technology.  At a high level, the proposed technical solution is the 
following: 

¶ An upper reservoir will be constructed on the waste rock dump areas above, and to 
the east of, the Iron Duchess North mine; 

¶ Once mining has finished, the mine pit of the Iron Duchess North mine will act as the 
lower reservoir; 

¶ The two reservoirs will be connected by a waterway comprising a combination of 
penstock shafts and tunnels; 

¶ A powerhouse housing two 55 MW reversible Francis pump-turbines will be 
constructed in an underground cavern behind the eastern wall of the Iron Duchess 
North mine; 

¶ The pump-turbines will transfer water from the lower reservoir into the upper 
reservoir at times of low National Electricity Market electricity prices (pumping 
mode); and 

¶ Water will be released from the upper reservoir and hydro electricity generated 
through the pump-turbines (generation mode). 

 

4.2 Operating strategy 

The pumped hydro system will be a versatile and agile facility and so it will switch between 
pumping and generating operations frequently throughout the day and in response to 
changes in the grid electricity price. 

If the project proceeds, the next stages of project development will include detailed 
modelling of the plant operating regime and dispatch strategy in order to confirm the 
business case and to maximise the value of the SMRPHES facility. 
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4.3   Hydropower system design 
All hydropower engineering work for the study was carried out by Stantec. 

During the prefeasibility study several project alternatives including scheme layouts and 
approaches for staged construction of each of the key project components were considered.   

A summary of the key aspects of the proposed pumped hydro system follows. 

 

4.3.1 Pumping, generation and storage capacity  

Optimisation of the project to maximise the benefits derived from the pumping, generation 
and storage capacities will be undertaken in the next stages of the project development. 
However, for the purposes of the study the following physical characteristics were assessed:  

¶ Conventional, fixed speed, vertical shaft, single stage reversible Francis pump-
turbines (currently sized at 55 MW ς see section 4.3.8 for further information) with 
spherical inlet valves; and 

¶ The limit on the stored energy reserve (MWh) is a function of the live storage capacity 
of the lower reservoir and the practical range of water levels and net heads resulting, 
which the pump-turbine units can exploit efficieƴǘƭȅΦ ¢ƘŜ ŎǳǊǊŜƴǘ ΨōŀǎŜ ŎŀǎŜΩ ƛǎ ōŀǎŜŘ 
on a maximum live storage of 3.8 GL representing a stored energy reserve of 
approximately 1,500 MWh. 

 

4.3.2 Location  

The identification of a suitable location can often be one of the most problematic aspects for 
new-build hydropower schemes. However, as a working site, the Iron Duchess North location 
presents the opportunity to make use of existing mine infrastructure and adapt the new 
ƳƛƴŜ ǿƻǊƪƛƴƎ ƻǇŜǊŀǘƛƻƴǎ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ōƻǘƘ ǘƘŜ ǇƛǘΩǎ ŦǳǘǳǊŜ ǳǎŜ ŀǎ ŀ ƭƻǿŜǊ ǎǘƻǊŀƎŜ ǊŜǎŜǊǾƻƛǊ 
and for the associated waste rock dumping operations to provide a suitable topography for 
the construction of the new upper storage reservoir required.  

Although currently no significant issues are identified with the site from an engineering 
perspective (issues that could represent a fatal flaw), further engineering work is still 
required.  

4.3.3 Lower reservoir 

Re-mining of the Iron Duchess North site has now commenced ς this will increase the current 
size of the mine pit substantially once mining finishes in 2022.   

 

There are several factors which affect the optimal operation of pump-turbine units, including 
head, submergence and the range of fluctuation in the reservoir levels during operations.  
These will ultimately contribute to determining the final design of the lower reservoir and 
scheme itself. 
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4.3.4 Upper reservoir 

There is no practical constraint that restricts the size of the upper reservoir to match the live 
storage of the lower reservoir and provide adequate submergence at the intake.  The current 
layout has been designed to site the intake structure on original ground with rock near to 
the surface and minimise the length of the penstock, which should significantly reduce 
capital costs.  If it is ultimately decided to increase the stored energy reserve, then this will 
largely be reflected in a deeper upper reservoir (with proportionately less evaporation) than 
one having a larger surface area. 

 

 

 

Figure 4.1 Upper Reservoir ς General Layout  

 

A subsequent design layout to that identified in Figure 4.1 above, has been developed by Stantec 
(which provides for a larger storage capacity of 2,4000 MWh). Further optimisation work is 
necessary to assess effective physical asset scaling to deliver the benefits of any additional storage 
capacity. 
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4.3.5 Waterways 

The waterway conveys flows from the upper reservoir to lower reservoir (and vice-versa) via 
the pump-turbines in the powerhouse.  Figure 4.2, below, shows the waterway profile in 
cross-section. 

 

Figure 4.2 Waterway ς Longitudinal Profile 

 

4.3.6 Powerhouse  

The powerhouse containing the 2 x 55 MW pump-turbine units is proposed to be 
constructed in an underground cavern. 

Access to the powerhouse will be provided by a 6 m finished diameter tunnel ς the Main 
Access Tunnel (MAT) ς which will connect the powerhouse with a portal adjacent to the 
existing main mine haulage road on the west of Iron Duchess North pit. 
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Figure 4.3 Main Access Tunnel (MAT) to Underground Powerhouse 

4.3.7 Tailrace 

Generation flows are discharged to the lower reservoir through the tailrace tunnel and an 
outlet structure constructed at the base of the Iron Duchess North pit.   

The outlet structure enables the tailrace tunnel to be isolated for major maintenance 
purposes and comprises a bulkhead isolation gate and transition section to promote smooth 
flow conditions to, and from, the lower reservoir. 

4.3.8 Power System Equipment Selection & Basis 

In order to maximise the economic benefits of operation the asset must be flexible, rapid in 
response to system changes and capable of running smoothly over a wide range of loads. so 
Ideally the asset will also have the capability to provide ƳŜǊŎƘŀƴǘ ΨǇŜŀƪ ƭƻǇǇƛƴƎΩ output. 

The proposed base case design adopts two single stage reversible Francis pump-turbine 
units. Reversible generating sets consist of a motor-generator and a reversible pump-turbine 
that works either as a pump or as a turbine depending on the direction of rotation. A third 
mode of operation is also available, synchronous condenser mode. In this mode, the turbine 
runner spins in air (with the guide vanes closed and the tailwater level depressed with 
compressed air) and the asset is subsequently capable of supplying Market Ancillary Services 
including voltage and power factor correction. This operating mode clearly adds an 
additional source of economic value for the asset.  


