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1 Introduction

1.1

111

1.1.2

Projectpurpose,concept and locon

Purpose

¢ KS LINE 2 S @ib fefiverlaiittiidni#t firn@ing capability e supply of electricity to
the operations of SIMEC Mining ardberty Primary Steah the Whyalla regionand to
provide surplus electricity tthe grid viaSIMEC ZEN Energy (an enesgpplie).

Concept

¢KS LINRP2SOG 02y OSLIi Aa G2 dziAf A @She Sduth 9/
Middleback Rangeas the site for a pumped hydracility the SMRPHES faciljtypnce
mininghas finished at that location. Key features of {h@ject concept are:

1 the existingmine pit will be used as the loweeservoir,

1 an upperreservor will be constructed on the mine waste dumps above the mine pit
using waste rock from current mining operations;

1 the project would be constructed while mining is progressing to take advardhge
the synergies and cosavings thatould bedelivered from that activity and

1 the pumped hydro project would commence operatidnsearlymid 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 majol:
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1.2 Thebase caséor the project

1.2.1 Sizingand grid connection
The base cas®r the purposes of this studyasthe following:
i Gonnection to the National Electricity Market \tlze existingElectraNetransmission
network;
i 1,500 MWh of storageand

i 110 MW of generatior{the possibility of sizing being expanded is currently under
active consideration).

The Iron Duchess Nortimine pit is a versatileassetfor a pumped hydro projecand there
are many other options for it, but the above base case wa®ttled uponas a realistic
configurationfor the study.

1.2.2 Design anddyout

A preferred, single, go forward technical design and layeas not selectedat this stage
because itvas considered premature to do siespite the substantial amouwf engineering
designand other analysigndertakenthusfar. In the course of the study many permutations
for the best design and layout were considered and testAtla high levelte conceptual
differences between the 11 design optiom&s not greatand what is basically thbase
conceptualdesign and layoutan be seein the drawing below:
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Although there are cost differences between the various design optonsidered there
are no material operational differencé®tween them

Thefinal preferred design and layous yet to bedeveloped and the final configuration will

be influenced by many factors including furthelectricity market analysisgovernment
policy and whether there is a firm decisioffom the Australian Energy Regulator for
ElectraNeto proceed with theproposedtransmission line expansion on Eyre Peninsilitze
versatility of thigprojectsite, and the minindleet and other resources currentvailable 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 studylacobs providgthe followingprojections forelectricity
prices inthe National Electricity Market (NEM)ere obtained

SFY2018/MWh

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2035 2034 2035 2036 2037 2038

Time Weighted Prices - NEM

2039 2040

— W e—LD A TAS e \fIC

Key assumptions of the market modelliage set out below

Parameter

Assumption

Demand growth

Gas prices
Coal price

Emissions policy

Renewable
energy policies

Retirements of
coal fired power
stations

Interconnector
upgrades

AEMO 2018 Electricity Forecasting Insights (EFI) upd&gtral demand scenario (Released
March 2018).

Around $10/GJ

Coal prices arbased on the Wood Mackenzie outputs published and used by AEMO as pi
the 2017 ESOO

Emissions Policy of the National Energy Guarantee

LRET continues operation in current form.

1st stage of VRET include&74MW Wind and 255MW Solar

vdzSSyaftl yR WwwSySgroftsSa nnnQ LIXFY AyOfdzR¢

renewables including 100 MW of energy storage.

2nd stage of VRET not indkd (40% renewables by 2025) as final decision is contingent ot
0SAy3 tS3ratliSRd {dzoaSljdzSyd aidlasa 27

NEySglotS SySNEHe GIFNBSG o6& wnonzI &a2YSGAN

Liddell within the financial year of 2023.

Yallourn is assumed to retire progressively from 2031 to 2034.

Gladstone is to retire in 2030.

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 202627

Distributed Forecast as proposed in the ESOO 2018 (published in August 2018)
battery storage

Tablel-h 3SNIBASG 2F WF 0206aQ 0L a Scemnrioy(SourGylschiiz,20180D18BIMEC WhdR St f
Scenarios Table clean rev 5.1.pdf)
lfa2zx WFE0206aQ St SOUNROAGE LINAROS LINRB2SOilAz2Y
be ~$40/MWh upon its commissioning and that this cost would fall to ~$25/Miftér
about 2034.

It is to be noted that pricem South Australiare forecastto 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 thattAEMOforecasts risks to supply in

the next five years in South Austrdlia RdzS (12 GKS NBIA2y Qa Ay SNX

l19ahQa a{2dziK ! dzZAaGNItALFY 9f SOUNROAGE wWSLERNI&ésZ b2@3SYodSNH
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3 Scope of thepre-feasibility study

3.1 Studyscope

The scope of the study was to look at all matters relevant pai@ped hydro facility at the
Iron Duches®lorth mine other than those matteyexcludedin Section3.2below. The study
was doneon a prefeasibility basis and based on the likely configuration of the mine pit and
surrounding areas after mining concludes in 2023e study was aldzased on the existing
grid transmission capability in the regiofihe key assumptions behind theudly are set out

in Section 3.3 below.

The pre-feasibility study primarily looked atthe issues of constructability anfihancial
viability, howevertenure, regulatory arrangementand other mattershave also been
consideredo a degree suitable for thisage of tre project.

3.2 Work excluded from scope
The following elements were excluded from the scope of work conducted:
q Other possiteé pumped hydresites2 Y { L a9/ a A Yy Ain/tie Madleddc)S NI (i A
Ranges
1 Generation of new sources of wateand

Detailed consideration of thenplications of a nevexpandecElectraNetransmission
line for the Eyre Peninsulavhich has been proposed IBfectraNeto the Australian
Energy Regulato

3.3 Key asumptions
The followingassumptions were made in the conducting the study:
| Regulatory approvalg it has been assumed thatl necessary regulatory approvals
will ultimately be obtained
1 Tenure- it has been assumed that secure, long term tenure will ultimatelydmeired

Electricity pricingmodelling CAPEXOPEXand investment evaluatiolg numerous
assumptions have beanadeand arebroadlyset out inthis report;

1 Unless otherwise specifically stated, all @APEX amounts referenced in this report
are the (unescalated)P50 amountsusing the AACE Standard for the Hydropower
Industryascalculated by Turner & Townsenaind

i The potential economic value of tfteMRPHES facilihas been calculated on the
basis that it is &tand-aloneelectricity 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 lette proposed technical solution is the

following:

1 An upper reservoir will be constructed on the waste rock dump areas alaoeto
the east of the Iron Duchess North mine;

1 Once mining has finished, the mine pit of the Iron Duchess North mine will diseas
lower reservoir;

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

1 A powerhouse housing two 5BIW reversible Francis purdaprbines will be
constructed in an underground cavern behind the easterll of the Iron Duchess
North mine;

1 The pumpturbines will transfer water from the lower reservoir into the upper
reservoir at times of lowNational Electricity Markeglectricity prices gumping
mode); and

1 Water will be released from the upper reserv@nd hydro electricity generated

through the pumpturbines generation mode.

4.2 Operatingstrategy

The pumped hydro system will be a versatile and agile facility and so it will switch between
pumping and generating operatiorfsequently throughout the dayand in response to
changes in thgrid electricity price.

If the project proceeds, the next stages of project developmerit include detailed
modelling of the plant operating regime and dispatch strategy in order to confirm the
busines case and tanaximise the value of thEMRPHERcIility.
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4.3

43.1

4.3.2

4.3.3

Hydropowersystem design
All hydropower engineering work for the study was carried out by Stantec.

During theprefeasibility studyseveralproject alternatives including scheme layouts and
approaches for staged construction of each of the key project components were considered.

Asummary of the key aspects of the proposed pumped hydro sy&idaws.

Pumping, generation and storageapacity

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:

1 Conventional, fixed speed, vertical shaft, single stage reversible Francis- pump
turbines (currently sized at 38W ¢ see section 4.8.for further information) wth
spherical inlet valvesand

1 The limit on the stored energy reserve (MWh) is a function of the live storage capacity
of the lower reservoiand the practical range of water levels and net heads resuylting
which the pumpturbine units can exploit efficiei t @ @ ¢ KS OdzNNBy i Wo
on a maximum live storage of 3@ representing a stored energy reserve of
approximately 1,500 MWh

Location

The identification of a suitable location can often be one of the most problematic aspects for
new-build hydropower schemedHoweveras a working sitghe Iron Duchess North location
presents the opportunity to make use of existing mine infrastructure and adapt the new
YAYS g2NJAYy3 2LISNIGA2ya G2 FLFEOAEAGIOGS 020K
and for the associated waste rock dumpingeoeations 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 (issuesthat could represent a fatal flaw further engineering workis still
required.

Lowerreservoir

Remining of the Iron Duchess North site has now commergaiis will increase the current
size of the mine pit substantialncemining finishes in 2022.

There areseveraffactors which a#ct the optimal operation of punyurbine 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 Upperreservoir

There is no practical constraititat restrictsthe size of the upper reservaio match the live
storage of the lower reservoir amtovide adequate submergence at the intake. The current
layout has been designed to site the intake structure on original grautidrock near to

the surfaceand minimise the length of the penstock, which should significargtiuce
capital costs. If is ultimatelydecided 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.

ACCESS TUNNEL
POWERHOUSE

\ ACCESS ROAD

Cell 1
vol @ F5L: 2,30 million m3
surf. anea @ FSLA74.000 w2 }

0+ CONNECTIONS  UcTU
BETWEEN CEILL

\ Call|
. vol @ FSL: 1.80 milicn m3
surf, erea @ FSL: 106,700 m2

=

ACCE:

251

Figure4.1 Upper Reseroir ¢ General Layout

A subsequent design layout tbdt identified in Figure 4.1 abovkas been developely Stantec
(which providefor alarger storagecapacityof 2,4000 MWh) Further optimisation work is
necessary to assess effectplysicalasset scaling to deliver the benefitsafyadditional storage
capacity.
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4.3.5 Waterways
The waterway conveys flows from the upper reservoir to lower reservoir (ane/eisa) via
the pumpturbines in the powerhouseFigure4.2, below,shows the waterway profile in

crosssection.

LE SHAFT / EVERCEUGY AGCESS

i

Figure4.2 Waterway ¢ Longitudinal Profile

4.3.6 Powerhouse
The powerhouse containing the 2 x BBV pumpturbine units is proposed to be

constructed in an undergrounchavern.

Access to the powerhouse will be provided by m @inished diameter tunnet the Main
Access Tunnel (MAT)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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4.3.7

4.3.8

Figure4.3 Main Access TunnéMAT)to Underground Powerhouse

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 tq and from the lower reservoir.

Power System Equipment Selection & Basis

In order to maximise the economic benefits of operatiba asset must béexible, rapid in
response to system changes and capable of running smoothly over a wide range oftoads
Ideally the asset willisohave the capability tprovideY SNOK | y i WhiSput] € 2 LILY

The proposed base case design addaptse single stage reversible Francis putopbine
units.Reversible generating sets consist of a magenerator and a reversible purtprbine

that works either as a pump or as a turbine depending on the direction of rotation. A third
mode of operationis aboavailable synchronous condenser modm this modethe turbine
runner spins in air (with the guide vanes closed and the tailwater level depressed with
compressed air) antthe asset is subsequenttyapableof supplying Markefncillary Services
includng voltage and power factor correctionThis operating mode clearly adds an
additional source of economic value for the asset.
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