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1. EXECUTIVE SUMMARY

1.1. Background

The Airlie Beach region is a nationally and internationally renowned tourism hub in North
Queensland, located approximately 100 km north of Mackay. Airlie Beach, in addition to being a
holiday destination in its own right, is the major tourism gateway to the Whitsunday Islands. The
17/18 financial year saw the region attract 795,000 visitors, generate almost $773M of tourist
revenue and commence a number of major redevelopment projects ($183M).

The region is supplied by four key substations, with Cannonvale (CANN) and Jubilee Pocket
(JUPO) being the main substations supplying the mainland. The 66 kV network in the area comes
west from Proserpine and supplies approximately 7,200 premises throughout the region, with
major customers including Proserpine Sugar Mill, Hamilton Island, Hayman Island, South Molle
Island, Daydream Island and numerous hotels and marinas. The supply area is shown in the
diagram below.

This project is driven by the need to maintain security to customers in the Jubilee Pocket and
Whitsunday island areas, as the load has increased and existing assets have aged, both posing a
risk to reliable supply.

1.2. Summary of Need for Investment

From the Cannonvale substation (CANN) which is the main substation in the area, the radial 66kV
network supplying the other three substations has a load of approximately 17MVA. A credible fault
on this network would mean that load cannot be restored within the requirements of the Safety Net
security criteria, with this situation worsening as load increases.
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In addition, the current 66kV supply contains sections of aged 1981 vintage XLPE cable, with
similar batches known to have recently failed and with any restoration of such a failure likely to
result in extended outage durations to customers and island resorts. The current 66kV switching
arrangement at CANN is limited without a proper switched 66kV bus arrangement and with a
number of aged 66kV circuit breakers at end of life and proposed for retirement over the next 5
years. The Cannonvale exit cables also require replacement due to degradation of the existing
XLPE and in-service failures.

The combination of both 66kV switching arrangement and radial supply to customers beyond
CANN results in frequent outages. This has contributed to over half of the urban and short rural
feeders supplied from this network experiencing ‘Amber’ or ‘Red’ class reliability in three of the last
four years. There are also regular supply interruptions to the island resorts.

The combination of these drivers has prompted a coordinated plan to review and reinforce the
66kV supply arrangement, to meet security criteria obligations, address aged asset issues,
improve supply reliability to customers and provide capacity for future growth and development.

1.3. Summary of Feasible Options
Four options have been identified in this report:

¢ Base Case (BAU) — Replace CANN 66 kV cables, duplicate radial 66 kV sections at Airlie
Lagoon, Mandalay and the airport and staged development of the 2" feeder from CANN-
JUPO.

e Option A —Install a 7-breaker 66 kV GIS at CANN, replace CANN 66 kV cables, duplicate
radial 66 kV sections at Airlie Lagoon, Mandalay and the airport and staged development of
the 2" feeder from CANN-JUPO.

e Option B — Construct dedicated 66 kV feeder from Proserpine (PROS) 132/66/11 kV
substation to Proserpine Mill (PRMI) 66/11 kV substation, replace CANN 66 kV cables,
duplicate radial 66 kV sections at Airlie Lagoon, Mandalay and the airport and staged
development of the 2™ feeder from CANN-JUPO.

e Option C — Construct 66 kV switching station at future Riordanvale site, replace CANN
66 kV cables, duplicate radial 66 kV sections at Airlie Lagoon, Mandalay and the airport
and staged development of the 2™ feeder from CANN-JUPO.

1.4. Recommendation

This Planning Proposal recommends the following works (Option A) to address safety net, asset
replacement and reliability obligations to customers:

e Upgrade the Cannonvale (CANN) 66/11 kV substation to a fully switched 66 kV yard which
includes replacement of the 66 kV cables around CANN;

¢ Duplication and management of the radial 66 kV cables to Shute Harbour;

e Establishing a 2™ 66 kV feeder between CANN and Jubilee Pocket (JUPO) 66/11 kV
substations;

The total estimated DCV cost (2018/19) for the recommended works is $16.68M.

The primary investment driver for this project is Augex, supporting customer growth and network
security. A successful Non-Network Solution may be able to assist in reducing the scope or timing
for this project, with a number of active demand management programs already underway in the
area. As the cost of options considered as part of this report is greater than $6M this investment
will be subject to RiT-D as a mechanism for customer and market engagement on solutions to
explore further opportunities.
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1.5. Project Information
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2. BACKGROUND

2.1. Existing Network, Customer Summary

The Airlie Beach region is a nationally and internationally renowned tourism hub in North
Queensland located approximately 100 km north of Mackay. In addition to being a holiday
destination in its own right, Airlie Beach is the major tourism gateway to the Whitsunday Islands.
Ergon Energy’s sub-transmission and distribution network supplies approximately 7,198 premises
in the area, with major customers including Proserpine Sugar Mill, Hamilton Island, Hayman Island,
South Molle Island, Daydream Island and numerous hotels and marinas. The total number of
people residing in the suburbs of Airlie Beach (1,211), Cannonvale (5,717), Jubilee Pocket (1,819),
Riordanvale (313) and Shute Harbour (119) recorded in the 2016 Census was 9,179.

As at June 2018, 551,000 domestic and 244,000 international visitors totalling 795,000 visitors
spent a collective $554.6M and $218.1M in the Whitsundays over the year. Considering the
impacts of Cyclone Debbie (March 2017), subsequent tourist visitation recovery and refurbishment
investment to be completed in the 1% half of 2019 at Hayman Island (approx. $100M) and
Daydream Island (approx. $86M) and post-cyclone recovery works yet to proceed at South Molle
Island, the GRP will translate into a more buoyant local economy and growth.

The Cannonvale-Airlie-Shute Harbour area is supplied from Cannonvale (CANN) 66/11 kV, Jubilee
Pocket (JUPO) 66/11 kV, Mt Rooper (MORO) 66/11 kV and Shutehaven (SHUT) 66/22 kV zone
substations. The geographical locations of these substations and major customers are shown in
Figure 1.

Hayman_Island

X Daydream lsland
& ‘.

RIOR FEuture Sub MORO SHUT

B+
Y\ ‘7)1

B 119 CANN-01 { Hamilton ‘I"sland D 4
’ WS . hﬂ' 118 CANN-02 ‘ '
' 4 ]‘ ;ERMI oS Q ‘ :
Flgur 1 Gographlcal Locatlon of Substations and Sub-Transmission Network in the Whitsunday
Regional Council Area
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2.1.1. Substation Supply Attributes:

CANN substation presently supplies 5,442 customers and has two 15 MVA 66/11 kV transformers
which have an N-1 transformer cyclic and long term emergency cyclic rating of 18.9 MVA and
20.0 MVA respectively. Two 4.8 MVAr 11 kV capacitor banks can minimise the transformer load
and improve the substation power factor however their primary function is to provide voltage
support during 66 kV feeder outages and network re-configuration.

JUPO substation currently supplies 1,674 customers via one 32 MVA 66/11 kV OLTC transformer,
three 11 kV feeders and a 4.8 MVAr 11 kV capacitor bank which also provides 66 kV network
support under contingency conditions. JUPO was constructed with a fully switched 66 kV bus and
outgoing 66 kV feeder to Mt Rooper. A spare 66 kV feeder bay will accommodate a future second
feeder from CANN. The cold standby 32 MVA 66/11 kV OLTC transformer is retained as an in-situ
spare.

MORO substation currently supplies 80 customers including the major 11 kV customer Daydream
Island/South Molle Island via privately owned submarine cables and an 11 kV mainland connection
point and recloser. The substation has a single 5 MVA 66/ 11 kV fixed tap transformer that supplies
unregulated 11 kV to the islands, however a set of 100 A voltage regulators supplies the 11 kV
Shute Harbour feeder and approx. 79 customers. There is a N/O 11 kV feeder tie to the Mandalay
feeder from JUPO.

SHUT substation currently supplies two customers including the major 22 kV customer Long
Island/Hamilton Island via privately owned 22 kV submarine cables and a 22 kV mainland
connection point and recloser. The 22 kV submarine cable to Hayman Island is owned by Ergon
Energy. On the island, a fixed tap 5 MVA 22/11 kV transformer supplies the resort via an 11 kV
connection point. SHUT has one 25 MVA 66/22 kV OLTC transformer.

Proserpine Mill (PRMI) substation has a single 10/12 MVA 66/11 kV OLTC transformer that
currently supplies the township of Proserpine (i.e. 80 customers) and the embedded generator
Proserpine Sugar Mill. The Authorised Demand of PRMI is 10 MVA (10 MW) export and 4 MVA
(3.6 MW) import.
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2.1.2. 66 kV Transmission Line Attributes:

The Cannonvale-Airlie-Shute Harbour area zone substations are supplied via two radial 66 kV
feeders (i.e. 119 Cannonvale No. 1 and 118 Cannonvale No. 2 feeders) out of T39 Proserpine
(PROS) 132/66 kV substation. Cannonvale No. 2 (CANN-02) supplies CANN substation while
Cannonvale No. 1 (CANN-01) bypasses CANN to supply JUPO, SHUT and MORO substations.

The 66 kV feeders between PROS and CANN are predominantly timber pole, timber crossarm
construction but no overhead earthwire. One line is constructed in 1984 and the other in 2000. The
summer day (SD) overhead line ratings of CANN-01 and CANN-02 are 43.0 MVA and 45.6 MVA
respectively. The backbone circuit distance from PROS to CANN is approx. 24.9 km (CANN-01)
and 27 km (CANN-02).

CANN-01 has a hard tee (of approx. 1.0 km O/H and 0.37 km U/G) to Proserpine Mill (PRMI)
66/11 kV substation, 4.0 km from PROS.

The existing 66 kV network arrangement is shown schematically in the attachment and Figure 2
below.

MK-0S-10067-01-0F.
pdf

The 6.5 km 66 kV section from JUPO to Shute Harbour is predominantly SCCP JASPER with
OHEW (approx. 5.9 km) & sections of U/G cable (approx. 0.57 km).The 5.4 km section from CANN
to JUPO is a combination of U/G cable (approx. 1.41 km), O/H timber and concrete pole line with
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Figure 2 Existing 66 kV Sub-Transmission Network
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2.1.3. CANN Substation 66 kV Configuration and Land Purchase:

CANN does not have a fully switched 66 kV bus which would provide distribution supply reliability
benefits to the networks supplied from CANN, JUPO, SHUT and MORO and to a lesser degree
PRMI. CANN-01 also has a hard tee off to CANN via a normally open 66 kV isolator which is
manually closed during contingency failure of CANN-02. Time-consuming manually operated 66 kV
switches at CANN are operated to rearrange the 66 kV network and restore supply via CANN-01 or
CANN-02 under forced or planned outage conditions.

As the 66 kV transfer between CANN-01 to CANN-02 occurs in the CANN substation on the quasi
66 kV bus and involves staff standing under the 66 kV isolator and in close proximity to the
porcelain cable termination (refer to Appendix A), field crews recommend load transfers via the

11 kV or from a de-energised 66 kV due to safety concerns. It should be noted that over the last 8
years, a downstream 66 kV cable terminations and lightning arrestor has failed with the later
explosively whilst energising the 66 kV ABS two poles away. All the 66 kV lightning arrestors have
since been replaced, particularly as PD testing of CANN-02 cable identified discharges on the
L/As.

A temporary overhead bypass has been constructed after the CANN-01 66 kV XLPE cable (circa
1981) to the 66 kV bus, failed in March 2017. The bypass arrangement is temporary and has not
undergone the relevant planning applications with Main Roads and Council to remain an approved
and permanent installation. The substation arrangement and adjacent land purchase can be seen
in Figure 3.

Ergon Energy owns an additional parcel of land behind the CANN substation that was strategically
purchased to enable redevelopment of the site into a fully switched 66 kV bus.

Cannonvale 66/11kV Substation v Legend
Existing Arrangement o : - [ 5 o 118 Cannonvale #2
- 118 Cannonvale #1
s Approx Sewer Location
Feature 1
® Manual I Tie Pont

¢ Temporary Bypass

b e ?
7
(:nu«;l(~~."*r "
C
. ' A LR

Figure 3 Cannonvale (CANN) 66/11 kV Substation Existing Arangem

ent
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2.1.4. 66 kV Cable Failure Results and Priority Cables

Of significant concern are the sections of 66 kV cable at CANN and the radial sections between
CANN-JUPO and JUPO-Shute Harbour. Laboratory analysis by The University of Queensland
examined XLPE samples from the faulted CANN-01 phase and healthy phase cables for evidence
of water trees and electrical trees. Water trees are caused by a combination of voltage stress and
moisture present in crosslinked polyethylene (XLPE) and typically initiate as a microscopic defect.

Laboratory test result diagnoses of the samples comprising one slice each from the healthy phases
adjacent to the fault and four slices from the faulted phase (one each side of the fault and one at
each end of the cable run) exhibit significant degradation of the XLPE insulation. Whilst
examination indicated that the faulted phase had the longest bow-tie (non-vented) trees and
guantity of advanced length bow-tie trees, all three cores showed advanced length vented trees.

Water trees can be divided into two main types:
- Bow-tie trees: normally the most common type. These form in the bulk of the insulation.

- Vented trees: these form from the interface between the insulation and screen. Their
growth is accelerated by the presence of free air.

Small bow-tie trees are of no great concern individually, but when either numbers or sizes become
large, they may lead to eventual cable failure if they initiate an electrical tree. Vented trees are the
more concerning of the water trees as they protrude into the XLPE from the screen. These often
lead to cable failure.

Electrical trees were not observed which is normal as electrical tree formation usually indicates that
an electrical failure is imminent. High voltage electrical failures also usually eliminate evidence of
electrical trees in any case.

The cross section of the cable can be seen in Figure 4, while images from the testing carried out
by UQ highlight vented and bow-tie trees which can be seen in Figure 5 and Figure 6 respectively.

Figure 4 Cross-Section of the Faulted CANN-01 XLPE Cable
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Figure A-1. Cable F3. Vented tree, conductor side of XLPE.

Figure 5 Vented Tree Found During Testing of CANN-01

Figure A-3. Cable F3. Bow-tie tree. Note that there appears to be many small bow-tie trees nearby
but in a different focal plane.

Figure 6 Bow-Tie Tree Found During Testing of CANN-01
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CANN-01 66 kV cable from the termination pole to the CANN 66 kV bus failed in March 2017 and
has just been replaced under WR1254348 at a DCV cost of approx. $900k. Actual costs are
tracking within 13% below the DCV cost however final costs have not been reconciled.

The cable involved in the fault at Cannonvale was reportedly installed in the early 1980’s and is of
ASEA manufacture - markings on the cable jacket showed the words ASEA KABELDON 72/40kV.
A search of historical records did not identify the cable installation date or year of manufacture or
any references to a procurement contract. The installation date is based on dates for the
substation construction obtained from local staff in Mackay.

As the 66 kV cables were installed at CANN around the same time (circa 1981), investigation of
the CANN-02 cable to 1T 66 kV transformer bay was initiated.

CANN-02 feeder was taken out of service (19" Feb. 2018) and subsequent testing (On-line Partial
Discharge (PD) monitoring, Insulation Resistance (IR), PD and Tan Delta test methods) of the 66
kV cable identified high levels of PD.

¢ IR testing indicated the cable was in reasonable overall condition;

¢ On-line PD monitoring attributed significant portions of PD to the upstream network and the
surge arrestors were replaced; and

e Off-line PD measurements by Energex indicated the A phase PD at 12m, 44m and 66 m
from the CANN substation end. No significant PD was identified on B phase and C phase
did not show any high levels of PD. The Ergon VLF PD testing also highlighted areas of
suspect PD on A phase but at 45m, 60m and 70m from the CANN end and B phase had
limited tests with unconfirmed PD locations observed at 60 and 64m from the CANN
substation end. Poor weather prevented further testing to fully collaborate and confirm
locations of PD using the two test sets.

As a result of the already failed CANN-01 cable and UQ water tree analysis results and various
test results of the CANN-02 cable to 1T transformer bay, further scoping work has been initiated to
replace this cable.

The remaining untested cables (i.e. CANN-01 cable towards JUPO and CANN 66 kV bus to 2T
transformer bay) are of the same vintage (circa 1981) as the failed and recently tested cable. It is
guite possible that these radial cable sections will also require replacement.

Approx. 6 years later but further downstream of CANN, 66 kV cables were installed in the radial
network to Shute Harbour:

e CANN to JUPO 1.41 km Abell Point to Port of Airlie 66 kV cable (circa 1987);
e JUPO to SHUT/MORO 0.186 km Mandalay hill slope 66 kV cable (circa 1987); and
e JUPO to SHUT/MORO 0.38 km airport crossing 66 kV cable (circa 1987).

The 1% generation XLPE cables (circa 1980) used different manufacturing processes which
resulted in typically more inclusions in the primary insulation than would be the case nowadays.

Anecdotal evidence indicates the 1987 cables were manufactured under the same contractual
specification, however, further investigations are in progress. These radial cables are on the
priority testing list.

Notwithstanding the water tree performance of the CANN cables, the radial nature of these three
additional 66 kV underground circuits and:
¢ significant sections of direct buried trench sections;

e constrained geographic location to install an emergency 66 kV overhead bypass (i.e. Airlie
Lagoon route, airport flight path restrictions and to a lesser degree the Mandalay hill
slope); and
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e cable replacement logistics including cable manufacture lead times, cost, installation
approvals and construction timelines escalate this risk.

These cable sections represent a Safety Net risk, high probability VCR cost and reputational risk
exposure to both Ergon Energy and the Whitsunday tourism industry.
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2.1.5. VCR and Distribution Supply MSS Reliability

Supply reliability and high VCR of the distribution network is a reflection of the poor performance of
the 66 kV sub-transmission network. Table 1 shows that in the last 8 years, 76 % of the known
sub-transmission fault locations were identified on the 66 kV supply side of CANN. From this, it is
clear that the most degradation is seen by distribution feeders supplied by JUPO, MORO and

SHUT.
Table 1 Sub-Transmission Fault Locations (Known) Since 2010
[0)
Fault Fault 66kV AN
. . Fault
Location Location Feeder :
Locations
CANN-JUPO CANN-01 14.29%
Beyond CANN
4 4 JUPO-SHUT _ CANN-01 9.52%
Beyond o
CANN Total 23.81%
PROS BUS 2 CANN-02 4.76%
SN NN PROS-CANN CANN-02 14.29%
CANN-01 57.14%
Before CANN 76.19%
Total
Grand Total 100.00%

VCR is an economic value applied to customers’ unserved energy for any particular year and can
be used to validate a proposed investment option. The net reduction in VCR calculated under each
option (post-implementation) is classified as an annual indirect benefit for that option in the NPV
cash tool. Failure to use VCR in the cost analysis to inform economic efficiency of investments
could impair the prudency and efficiency of those investments.

Applicable outage events, unserved energy and VCR were analysed over 8 years of outage data
which showed an average annual unserved energy cost of $2.117M including the 9-hour long term
CANN-01 cable outage. The worst 12 months was in the year 2017/18 which saw unserved energy
of 200 MWh valued at $5.6M (not including Cyclone Debbie). This was largely due to the CANN-01
66 kV cable fault on one of the incoming feeders into CANN which took 9 hours to locate and
isolate while JUPO, MORO and SHUT remained offline.

The 9-hour outage was excluded for the purpose of NPV VCR assessments and an annual indirect
benefit figure of $1.765M has been used for options analysis.

The public reputation risk due to both duration and frequency of interruptions is significant. The
Airlie Beach area is an internationally renowned tourism hub and the gateway to the Whitsunday
Island communities and resorts including Hamilton Island, Hayman Island, South Mole Island, Port
of Airlie and Shute Harbour.

Figure 7 shows that a large percentage of events have spanned the evening peak period meaning
maximum disruption to the hospitality industry and the general population. Short term disruptions
that successfully reclose are not captured in this analysis.
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Sum of Approx Duration (Hrs) (inclusive)
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Figure 7 Outage Duration and Time of Occurrence of Sub-Transmission Faults

Customers supplied from JUPO and MORO have experienced MSS ‘RED’ feeder reliability status
over an extended period of time (i.e. over the last 3-5 years).

There is currently no merit in transferring 11 kV feeder loads from CANN to an under-utilised JUPO
asset as these customers will then be subject to ‘RED’ feeder reliability performance.

There is no reliability measure for the major island customer connections (i.e. Hamilton, Hayman,
Daydream, South Molle and Long Island) however iconic exclusive resorts and tourist destination
experiences reflect poorly on the EECL brand and risks reputational damage.

A notable example of reputation risk exposure was when power was interrupted to Hamilton Island
during a performance by an internationally acclaimed popular artist'. The venue lights and sound
were out for more than half an hour while the island’s generation was brought online.

Whilst the upstream CANN 66 kV has notable exposure to faults, it is also recognised that the
66 kV section from CANN to SHUT/MORO represents 24 % of the number of faults and
subsequent reliability exposure.

! Taylor Swift Event 15MK7358 on 02/12/2015
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2.1.6. Long Term Cable Failure Outage Cost

The long term cost due to a sustained cable failure (e.g. 1.41 km Airlie Lagoon cable) from water
treeing has been considered in the context of a similar privately owned submarine cable failure to
the islands.

Considering manufacturing and sea freight lead times for 66 kV cables of 16 weeks, this would be
considered a catastrophic outage scenario. The islands are presently exposed to similar risk during
a privately owned submarine cable failure and should have standby operating protocols to manage
fuel supply and storage for an outage of a similar long term duration outage.

If the estimated cost of a 4-6 month outage (i.e. $8M-$12M) is borne entirely by the island resort
operators, Ergon will bear significant political pressure and brand damage.
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2.2. Applied Service Standards

Applied Service Standards are as per the jurisdictional obligations within Energy Queensland’s
Distribution Authority (Ergon Energy). The legislated SAIDI (System Average Interruption Duration
Index) and SAIFI (System Average Interruption Frequency Index) limits are detailed in Table 2.

Table 2 SAIDI (minutes per customer) and SAIFI (interruptions per customer) limits
Feeder SAIDI MSS  SAIFI MSS

Category Limits Limits
Urban

Short Rural
Long Rural

The feeder performance categorisation is based on SAIDI indices against the MSS for a given
financial year for each feeder category. The feeder status bands are as follows:

- Green Feeders have a SAIDI <= MSS (Minimum Service Standard) targets
- Yellow Feeders have a SAIDI > MSS < 150 % MSS

- Amber Feeders have a SAIDI > 150 % MSS < 200 % MSS

- Red Feeders have a SAIDI > 200 % MSS

The Safety Net Targets from Ergon Energy’s Distribution Authority are provided in Table 3. CANN
and JUPO substations are considered as ‘Regional Centres’ while SHUT and MORO are both
considered as ‘Rural Areas’.

Table 3 Ergon Energy Service Safety Net Targets

Area Targets
(for restoration of supply following an N-1 Event)

Regional Centre Following an N-1 event, load not supplied must be:
o Lessthan 20 MVA after 1 hour;

o Lessthan 15 MVA after 6 hours;

o Lessthan 5 MVA after 12 hours; and

o  Fully restored within 24 hours.

Rural Areas Following an N-1 event, load not supplied must be:
o Lessthan 20 MVA after 1 hour;

o Lessthan 15 MVA after 8 hours;

o Lessthan 5 MVA after 18 hours; and

o  Fully restored within 48 hours.

Note: All modelling and analysis will be benchmarked against 50 POE loads and based on credible
contingencies.

‘Regional Centre’ relates to larger centres with predominantly urban feeders.

‘Rural Areas’ relates to areas that are not Regional Centres.
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2.3. Demographic Development — Mainland

The Cannonvale and Airlie Beach townships form a linear strip of land between the Whitsunday
National Park and the sea. The physical geography consists of a series of small valleys and basins
separated by steep coastal bluffs. The economy is primarily a sea change/tourist destination
supported by ports and marinas at Shute Harbour and Abell Point for people visiting the
Whitsunday islands.

The area of supply studied includes the following localities:
e Cannonvale/Airlie Beach; and
e Jubilee Pocket/Shute Harbour.

A number of studies have been used by the Whitsunday Regional Council to make informed
decisions about the Planning Scheme including the:

e 2013 Norling Population and Growth Study; and
e 2014 Urban Growth Study.

2.3.1. Residential/Floor Space Forecasts & Tourist Visitation

The Norling Population and Growth study predicts that the combined locations of Cannonvale/Airlie
Beach and Jubilee Pocket/Shute Harbour can expect a 100-130 % increase in population to the
year 2036.

Table 4 2013 — 2036 Population and Employment Projections
Table 31: 2013 - 2036 Population and Employment Projections — Modest and All Potential Growth Scenarios (Norling

Modest Growth Scenario

Cannonvale - 6,800 3.400 12,700 7.300 +5,900 +3,900

Airlie Beach

Jubilee Pocket —

S et 2,300 900 5,500 1,200 +3,200 +300

TOTAL 9.100 4300 18,300 8.500 +9.100 +4.200

All Potential Growth Scenario

Cannonvale — 6,800 3.400 14,400 8,500 +7.600 +5.100

Airlie Beach

Jubilee Pocket —

A 2,300 900 6,600 1,400 +4,300 +500

TOTAL 9.100 4300 21,000 9,900 +11,900 +5 600
Page 19

Ergon Energy Corporation Limited ABN 50 087 646 062
Energy Queensland Limited ABN 96 612 535 583
Energex Limited ABN 40 078 849 055



B2
energex

Planning Proposal

Extracts from the Norling report also indicate that tourism growth in Airlie Beach will be the main
source of direct and indirect employment growth in the area. The same study found that the
Whitsunday region was the most tourism-dependent regional economy in Queensland in terms of
the contribution to the Gross Regional Product (i.e. GRP).

The Cannonvale — Airlie Beach area is likely to experience the strongest growth due to its capacity
for housing, proximity to employment-generating tourism, business and retail areas.

Jubilee Pocket — Shute Harbour will be a dormitory suburb with the majority of persons employed
within the Cannonvale — Airlie Beach business and service area.

The latest LGIP V1.6 residential population projections correlate with the Norling report ‘Moderate
Growth Rate’ scenario when extrapolated to 2036.

Table 5 Local Government Infrastructure Plan (LGIP) Mapping and Tables - Residential
SC3.1 Planning assumption tables
Table SC 3.1.1 Existing and projected population

Column 1 Column 2 Column 3

Projection area

LGIP development type Existing and projected population

2016 2021 2026 2031 Ultimate development
Abbot Point Single dwellings 1,491 801 a01 801 809
Multiple dwellings 92 50 50 50 51
Other dwellings 7 149 149 149 157
Total 1.860 1.000 1,000 1,000 1,017
Bowen North Single dwellings 6,113 6,109 6,152 6,171 6,617
Multiple dwellings 2136 2,754 2,395 2,531 2,762
Other dwellings 21 27 33 ag 45
Total 8,270 8,390 8,580 8,740 9,425
Bowen South Single dwellings 828 1.124 1.452 1,769 7,211
Multiple dwellings 287 399 526 654 170
Other dwellings 5 8 12 17 110
Taotal 1.120 1,530 1,990 2,440 8,091
Collinsville Single dwellings 1.345 1.324 1,352 1,362 2914
Multiple dwellings 816 820 854 878 901
Other dwellings 799 796 824 841 858
Taotal 2,960 2,940 3,030 3,080 4,673
Balance former Bowen | Single dwellings 1,021 1,020 1,004 1,003 EEE]
Shire Multiple dwellings 194 196 194 196 196
Other dwellings 214 214 211 211 210
Total 1.430 1.430 1,410 1,410 1,400
Whitsunday Islands Single dwellings 127 128 128 130 132
Multiple dwellings 622 612 603 593 586
Other dwellings 1,001 1,100 1,128 1,147 1172
Total 1.840 1,850 1,860 1,870 1,880
Jubilee Pocket / Shute | Single dwellings 1.817 2,219 2,639 3,116 4,792
Harbour Multiple dwellings 785 1.002 1,246 1,537 1,843
Other dwellings 8 19 35 &7 100
Total 2610 3,240 3,020 4710 6,735
Cannonvale / Airlie Single dwellings 4384 5,161 5,024 5,850 15,059
Beach Multiple dwellings 2869 3,365 3.913 4,438 7,102
Other dwellings 27 34 43 53 a1
Taotal 7,280 8,560 9,980 11,350 22,242
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Table 6 Local Government Infrastructure Plan (LGIP) Mapping and Tables — Non-Residential
Table SC 3.1.5 Existing and

Column 1

Projection area

Column 2

LGIP development type Existing and projected non-residential floor space (m* GFA)

projected non-residential floor sp

Column 3

ACE

2016 2021 2026 2031 Ultimate development
Abbot Point Retail 659 883 718 74T
Commercial 1,552 1,802 1,653 1,703
nedustrial 19,899 24018 28,137 32,256
Community 2778 2834 2,881 3,088
Qther Mot applicable Mot applicable Mot applicable Mot applicable Mot applicable
Total 2,580 24,883 28,182 33,402 37,804
Bowen MNorth Retail 19.863 20,275 20,588 20,288 21,210
Commercial 20.502 21482 22,304 23,284 24,185
ndustrial 95,724 7882 100,024 102,204 104,284
Community 37.057 39,378 41,839 44,012 46,340
Other Mot applicable Mot applicable Mot applicable Not applicable Mot applicable
Total 173,337 172,030 124,723 180,418 106,102
Bowen South Retail 1.441 1,503 1.745 1,288 2,048
Commercial 1,740 1,810 1.871 1,831 1,882
ndustrial 7.318 T.517 1,715 7214 B, 112
Community 2,800 3157 2424 3881 3,880
Other Mot applicable Mot applicable Mot applicable Mot applicable Mot applicable
Total 13.400 14,078 14,7 1 16,111
Colinsville Fetail 3.231 3,303 3.3 3448 3,520
Commercial 2.BE0 3.085 4042 4,118 4185
ndustrial 15.008 18.381 21.754 26127 28B.500
Community 8.575 8,680 8,785 B.&80 B.225
Cither Mot applicable Mot applicable Mot applicable Not applicable Mot applicable
Total 30.702 24320 27,958 41, 45,210
Balance former Retail 1,836 55 1,875 1,504 1,814
Bowen Shire Commercial 1,858 1,844 1,830 1,817 1,803
nedustrial 4408 3834 3,260 2,686 2112
Community 2708 2574 2439 2,305 2,170
Qther Mot applicable Mot applicable Mot applicable Mot applicable Mot applicable
Total 10.810 10,107 8404 8 T e
Whitsunday Islands | Retail 5.310 5558 5,803 6,049 6,286
Commercial 14,020 14792 15,504 16,335 17,107
ndustrial 1,100 1,113 1,126 1,138 1,152
Community 2,186 2,351 2,505 2,680 2,814
Other Mot applicable Mot applicable Mot applicable Mot applicable Mot applicable
Total 22 626 23811 24 007 26,183 27 382
Jubides Pocket | Retail 7531 7.008 £,230 B.E55 0,020
Shute Harbour Commercial 7551 2011 8471 B 221 8,221
ndustrial 13,807 4,105 4,303 14,502 14,700
Whitsunday Regional Council Planning Scheme — Schedule 3 (LGIP V1.8) SCap

Column 1

Projection area

Column 2

LGIP development type Existing and projected non-residential floor space (m* GFA)

Column 3

2016 2021 2026 2031 Ultimate development
Community 5417 6,338 7,259 B178 8,100
Other Not applicable Mot applicable Mot applicable Not applicable Mot applicable
Total 24408 28,380 38314 40,268 42221
Cannonwale | Aidie Retail 25126 28,003 32959 36,728 40,582
Beach Commercial 31,204 38,482 45,639 52 857 60,044
ndustrial 88.670 82,181 25,301 108,602 121,812
Community 40.571 47,173 53,775 60,377 66,880
Other Mot applicable Mot applicable Mot applicable Not applicable Mot applicable
Total 185,062 188,820 227,805 258,581 280,428

The non-residential forecast represents an increase of 58 % from the 2016 base across retail,
industrial, commercial and other.

Visitor numbers peaked in 2006/07 at approx. 800,000 international and domestic overnight stays.
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Figure 8 Visitors to the Whitsundays (including Proserpine to Bowen, east to Airlie Beach and the

Whitsunday Islands, west to Collinsville)

As an example of the dependency upon tourism, in March 2013, there were 35 tourism

accommodation establishments (hotels, motels and serviced apartments) offering some 10,400

bed spaces, representing a decline from the 51 establishments reported in 20107,

At that time of writing the Norling report, some 30 cruise ships dock at Airlie Beach per year,

carrying 1,800 to 2,400 passengers.

As at June 2018, 551,000 domestic and 244,000 international visitors totalling 795,000 visitors
were hosted in this region over the previous year. Considering the impacts of Cyclone Debbie
(March 2017), subsequent tourist visitation recovery and refurbishment investment at Hayman
Island (approx. $100M), Daydream Island ($86M) and likely works to proceed at South Molle

Island, the GRP will trickle down into the local economy and growth.

6.-Dor’resETourism- 8. -InternatTonaI-Tour
YE-June-2018. pdf

ism-YE-Jun-2018. pdf

WhitsundE-Region
al-Snapshot-YE-Dec-z

? 2013 Norling Whitsunday Regional Economic and Pop Study4
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2.3.2. Zoning Densities

The zoning plans, potential development densities and 2004 demographic load forecasts around
Airlie Beach precinct along with the adjacent residential nodes (i.e. Jubilee Pocket and Cannonvale
localities) demonstrate the need for CANN and JUPO substations and the benefit of their locations

to supply the area.

WRC Planning
; f_ﬁé Sehems Zoning
et Map

Figure 9 Whitsunday Regional Council Zoning Map (2018)

BUILDING HEIGHTS CONCEPT
PLAN

LEGEND

0 A6 (12 STOREYS)
W W 2N [ STOREYS)
[ Max. 22M 6 STOREYS)
B WX 15M (4 STOREYS)

MAX. 12M [ STOREYS)

Figure 10 Potential Building Heights Plan (Airlie Beach Structure Plan Report 2014)
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2.3.3. Demographic Load Forecasts (circa 2004)

Demographic load studies undertaken in 2004 (refer to Figure 11) provide a guide for the potential
load centres to be supplied from the MORO, JUPO and CANN substations. The strategic purchase
of the Riordanvale (i.e. RIOR) site enables initial 66/11 kV zone substation development and
longer-term 132/66 kV transformation pending the realisation of development, load densities and
an ultimate end state load of 150 MVA excluding the island loads.

Load catchment supply areas and plant capacity to supply these areas are anticipated to be
designed within the principal design criteria of:

o 66 /11 kV substation 46 MVA ultimate capacity:

= Z6-32 design 32 MVA 66/11 kV OLTC (say 40.0 MVA operational LTEC
rating);

= 11 kV s/b (12 feeders, 2 capacitors, 3 bus sections, 2500 A rated);

= 4into 3, 11 kV urban design criteria with 10% diversity of feeder peak
demands; and

= Allow 4-6 MVA of 11 kV load transfer to an adjacent substation;
e JUPO 66 /11 kV substation:
o Demographic load (46.0 MVA or 2414 A):

= Towards Shute Harbour (i.e. 18.0 MVA, 4-5 x 11 kV 6.0 MVA feeders):
e F.T.C.M.-4.0MVA; and
e JP.—-14.0 MVA;
= Towards CANN (i.e. 28.0 MVA, 7 x 11 kV 6.0 MVA feeders):
e P.OA —-7.0MVA;
e AT.C.-27.0 MVA (say 14.0 MVA from JUPO); and
e AR.-7.0MVA

e CANN 66 /11 kV substation (46 MVA ultimately):
o Demographic load (45.7 MVA or 2398 A):

=  Towards JUPO (i.e. 14.0 MVA, 3 - 4 x 11 kV 6.0 MVA feeders):
e A.T.C.-27.0 MVA (say 14.0 MVA from JUPO);

= Surrounding CANN (i.e. 14.0 MVA, 3 - 4 x 11 kV 6.0 MVA feeders):
e C.E.-14.0 MVA,; and

= Towards RIOR (i.e. 17.7 MVA, 4-5 x 11 kV 6.0 MVA feeders):
e CW. —17.7 MVA;

e RIOR 66 /11 kV substation (46 MVA ultimately):
o Demographic load (46.0 MVA or 2414 A):

= Towards CANN (i.e. 19.0 MVA, 4 - 5x 11 kV 6.0 MVA feeders):

e P.C.-11.0 MVA (itis likely part will be supplied from CANN and part
of C.W. from RIOR via A.Rd. per 3 feeders that would be required
into A.Rd.);

e A.Rd.-8.0 MVA,;

= Around RIOR (i.e. 27.0 MVA, 6 - 7 x 11 kV 6.0 MVA feeders):

e R.S.—5.0MVA;

e P.W. -11.0MVA; and

e R.E.-11 MVA of the forecast 25.0 MVA (i.e. ultimate end state).

Initially, RIOR will be developed as a T3-10 or a skid 66/11 kV substation to manage sequencing
costs. 66 kV network development is required to manage 3-way differential/distance 66 kV
protection schemes.
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24. Primary Project Driver

The primary driver for this project is Augex. The existing sub-transmission network configuration
has all customers downstream of JUPO reliant on the CANN-01 66 kV line between CANN and
JUPO. Currently, a fault on this section of line will result in an outage for all JUPO, MORO and
SHUT customers which combine for a peak load at risk of approximately 16.4 MVA. The section at
highest risk of causing an extended outage is the 1.41 km underground cable passing through the
main tourist centre of Airlie Beach. Safety net non-compliance is, therefore, the primary project
driver.

2.5. Secondary Project Driver

Aged substation equipment and underground cables at Cannonvale substation require
replacement and the aging XLPE cables poses an increasing risk.

Customer impact of the Cannonvale/Airlie Beach sub-transmission network configuration has
increased substantially in the last four years. This is reflected in the Value of Customer Reliability
(VCR) values based on analysis of historical outages over the past eight years. A significant
contributor to this is the existing sub-transmission network switching arrangement.
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3. LOAD FORECASTS

The recent load forecast does not align with the population growth projections and is likely to be at
subdued levels due to the recent impacts from Cyclone Debbie and the uptake of MEGU (i.e.
micro-embedded generating units) which is transforming the summer load from a day to night time
peak demand characteristic at the major load centre of CANN.

It should also be recognised that as tourism visitations increase and the economy becomes more
buoyant, investment in motels, unit accommodation and integrated developments will result in step
load increases.

During the high growth period (i.e. 2004 to 2009) around the time of the GFC, the 1-5 and 6-10
year growth rates for CANN in 2007 were being projected at approx. 5 % and 8 % respectively. As
recent as 2014, the annual growth rates were forecast at 1.5 % — 2.0 %.

Whilst the present growth rates are indicating nil growth, it is very difficult to predict visitor growth in
the coming years due to the vagaries of the tourism industry and fluctuating markets due to
unforeseen events such as the Australian dollar, weather events (e.g. 2017 Cyclone Debbie) and
epidemics.

As such, it is not unreasonable to undertake sensitivity analysis to growth in the order of 2 % and
as high as 4 % to strategically and prudently develop the network whilst being cognisant of
electricity infrastructure timelines in these geographically constrained corridors.

In terms of potential future projects, the prospect of developments at Shute Harbour (i.e. integrated
marina, resort hotel and residential community) or Airlie, refurbishment investment at Hayman and
Daydream Islands subsequently supported by residential and service centre growth in the adjacent
Cannonvale and Jubilee Pocket residential areas underpin WRC population growth forecasts to
2036.
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3.1. CANN 66/11 kV Substation

The historical load of CANN for the summer day (SD), summer night (SN), winter day (WD) and
winter night (WN) periods since 2004 is shown in Figure 12. The sudden drop in load seen
between 2010 and 2011 is a result of JUPO substation being energised and taking some of the
load from CANN. Taking into account historical feeder growth and the forecast population growth a
load growth of 2 % is expected. The peak load by 2030 will then be 19.15 MVA. Under an extreme
load growth of 4 %, the load would increase to 24.18 MVA.
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Figure 12 Historical Load of CANN Since 2004

It should be noted that the CANN substation summer peaks were being experienced between
1.30 pm to 4.00 pm in the afternoon, however in recent years (i.e. 2015 to 2018 inclusive), the
summer peak is now being experienced from 4.30 pm to 7.30 pm most likely due to the installation
of customer MEGU (refer to Figure 13).

Cannonvale Substation - Average and Peak Weekday kW Profile (Summer)
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Figure 13 CANN Average and Peak Weekday Load Profile (Summer)

To consider the actual load being experienced (discounting the load supplied via MEGU), the peak
load can be supplemented with a typical PV profile based on the amount of installed MEGU (see
Figure 14). This graph shows that without the support of customer MEGU generation, the peak
demand at the substation would likely remain during the daytime as summarised in Table 7.

Table 7 also highlights that the growth experienced by CANN since 2014/15 is approximately

1.5 % if the effects of solar are excluded.
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Typical Clear Sky (1kW) PV Profile (Summer)
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Figure 14 Typical Summer PV Generation Profile

Table 7 Recorded CANN Peak Load and Peak Time and the Estimated Values With Solar Excluded

Peak with
Recorded customer | Calculated
Recorded : ;
Peak (kW) peak time PV peak time
of day considered of day
(kW)
17/18 15,168 18:00 17,487 12:30
16/17 14,988 17:30 17,126 14:00
15/16 14,331 20:00 16,258 13:30
14/15 15,229 17:00 16,752 14:30

Figure 15 shows the forecast solar PV DER capacity growth in the Cannonvale region under low
(5 %), moderate (8 %) and high (10 %) growth rates. From this, it is evident that load growth will
continue to be somewhat held back by the growth of connected PV in the region.

EQL DER Solar PV Forecast
Ergon Solar PV DER Capacity (kW) at Month End
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Figure 15 Forecast DER Solar PV Capacity for Cannonvale Substation
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3.2 JUPO 66/11 kV Substation

With a 2 % load growth, the load will peak at 6.62 MVA in 2030 which is well below the JUPO
transformer nameplate rating of 32 MVA. However, as upstream supply reliability improves it will
allow more 11 kV feeder load to be transferred from CANN to JUPO. Point loads like Port of Airlie
will likely proceed and be supported by the adjacent residential dormitory locality of Jubilee Pocket.
The substation load will increase accordingly. The historical load is shown in Figure 17. The daily
load profile is also shown in Figure 16.

Jubilee Pocket Substation - Average and Peak Weekday kW Profile (Summer)
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Figure 17 JUPO Historical Load Graph

As detailed with the load at CANN, the peak load and peak load time are dependent on solar. After
accounting for the contributions of solar connected to the JUPO feeders the calculated peak load
and peak load time are as presented in Table 8.
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Table 8 Recorded JUPO Peak Load and Peak Time and the Estimated Values With Solar Excluded

Peak with
Recorded | Recorded customer Calculated
Peak peak time PV peak time
(kw) of day considered of day
(kW)
17/18 5,039 19:30 5,438 13:30
16/17 5,474 10:00 5,907 10:00
15/16 4,100 19:30 4,425 13:00
14/15 3,744 18:00 4,065 15:00

T Wy A
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3.3. MORO 66/11 kV Substation

As the majority of load on this substation will be from the Daydream/South Molle feeder, the
forecast growth of this substation will be heavily dependent on the resorts on these islands.

Daydream Island has recently undergone refurbishment and therefore the load is expected to
increase as the resort begins taking more tourists. Daydream Island bore the brunt of Category 4
Cyclone Debbie in March 2017 with 260 km/hr wind gusts and a tidal surge that caused significant
damage to the iconic island 4.5 star resort.

China Capital Investment Group (i.e. CCIG) has invested $86 M into repair and development works
to have the luxury island 277 room resort and associated facilities re-open at the end of the first
quarter 2019.

South Molle Island has also been purchased by CCIG, however, redevelopment plans following
Cyclone Debbie have not progressed.

Whilst the recent 2016 Deed of Amendment for Daydream Island refers to a revised Authorised
Demand (i.e. AD) of 330 kVA, down from the previous AD of 1.2 MVA, the measured demand will
be reviewed following the opening of the resort.

The historical load can be seen in Figure 18. This highlights the drop in demand experienced as a
result from Cyclone Debbie in 2017. The yearly daily load profile of MORO since 2014/15 is also
shown in Figure 19.

@ SD-MVA
B SN-MVA
O wWD-MvA
B WN-MVA

MVA
OOO00ORKEHEEERNNNRNRNWWWWWEDL

8383888838888 388883888

e | | | | |

2004
2007
2008

2005
2006
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

~N ™M
o o
e 9
~N ™

Figure 18 MORO Historical Load Graph
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3.4. SHUT 66/22 kV Substation

Similarly to MORO, the load on this substation is dependent on the load of the two connected
islands, Hayman and Hamilton.

Before cyclone Debbie damage forced the resorts on the Hayman and Hamilton islands to at least
partly close, the ADs were 3.3 MVA and 11.0 MVA respectively. Consequently, it can be expected
that the peak load on SHUT can return to previous peak demands of 11.0 MVA and potentially
increase to 13.3 MVA being the combined island ADs. This is below the nameplate rating of the
25 MVA SHUT transformer.

InterContinental Hotels Group (IHG) will re-open Hayman Island in the 2" quarter 2019 following
approx. $100 M of refurbishment works.

The historical load on SHUT can be seen in Figure 20 along with the recent daily summer load
profiles in Figure 21.
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Figure 20 SHUT Historical Load Graph
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Figure 21 SHUT Average and Peak Weekday Load Profile (Summer)
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4. LIMITATIONS ON THE EXISTING NETWORK

4.1. Substation Limitations

Primary Plant:

CANN is equipped with 2 x 66/11 kV 15 MVA (ONAN) OLTC power transformers, Transformer 1
(TR91553056) and Transformer 2 (TR91605815). The cyclic ratings of these two transformers,
along with the ratings of all downstream transformers at JUPO, MORO and SHUT, are shown in
Table 9.

Table 9 Transformer Ratings (as per Version 0.6 - 2017 Tx Cyclic Ratings)

Nameplate Nominal NC Nominal LTEC Operational NC Operational LTEC
Substation Element Rating Cooling  Summer Winter Summer Winter Summer Winter Summer Winter

(MVA) (MVA)  (MVA)  (MVA)  (MVA)  (MVA)  (MVA)  (MVA)  (MVA)
(;?5(/ :llok\l/) 15 ONAN 17.45 18.88 20.01 21.85 17.45 18.88 20.01 21.85
CANN
TX No. 2
(66111 KV) 15 ONAN 17.46 18.89 20.01 21.85 17.46 18.89 20.01 21.85
JUPO TX No. 1 32 ODAF 39.58 43.44 4285 45.91 39.58 43.44 42.85 45.91
(66/11 kV) : ' ' : : : : :
TX No. 1
‘ MORO AR 5 ONAN 5.80 6.37 7.00 7.46 5.80 6.37 7.00 7.46
SHUT TXNo. 1 25 ODAF 30.44 33.18 34.28 36.56 30.44 33.18 34.28 36.56
(66/22 kV) : : : : : : ' :

The Cannonvale zone substation comprises:
¢ two transformers, 66/11 kV Dyn1 15 MVA (ONAN) OLTC units (YOM 1981);
e indoor 1600 A 11 kV switchboard c/w:
o 6x11KkV feeders;
o 2x4.8 MVAr capacitor banks; and
o two transformers and a bus section circuit breakers;
e 66 kV 25 mm OD 1.25 mm thick Cu. busbar rating limited to 60 MVA by the 120 mm?
stranded bridging conductors;
The transformer technical characteristics are:
e 5.0 % buck, 15.0 % boost, 1.25 % tap step;
e Ironlosses of 26.4 kW and 25.7 kW; and
o Impedance of 10.2 % and 10.14 % respectively on a 20 MVA base.

There is insufficient space in the 11 kV switch room to cater for a future Z6-32 substation 11 kV
switchboard which typically comprises 12 feeders, 2 transformers, 3 bus sections and 2 capacitor
feeders. Given the ultimate end load of 45.7 MVA, strategic provision should be considered in the
options analysis.

JUPOQ is currently equipped with 1 x 66/11 kV 32 MVA (ODAF) OLTC power transformer,
Transformer 1 (TR93766468). There is also currently a second 66/11 kV 32 MVA (ODAF) OLTC
power transformer at JUPO however this is currently not commissioned but is in place as a system
contingency spare and to manage future point load growth (e.g. Port of Airlie) in the Airlie Beach
region.

Jubilee Pocket substation comprises:
e one transformer, 66/11 kV Dyn1 32 MVA (ODAF) OLTC units (YOM 2008);
3 x 11 kV feeders;
2 x 11 kV bus section circuit breakers;
1 x 11 kV transformer circuit breaker;
1 x 66 kV transformer circuit breaker; and
1 x 66 kV bus circuit breaker.
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The transformer technical characteristics are:
e 5.0 % buck, 20.0 % boost, 1.25 % tap step; and
e Ironlosses of 10.65 kW and copper losses of 71.11 kW.

MORO has 1 x 66/11 kV 5 MVA (ONAN) fixed tap Dyn1 power transformer (TR92282105) with 9
taps of 1.25% step enabling a +/-5% regulation range. MORO substation consists of the following
assets:

e one transformer, 66/11 kV Dynl 5 MVA (ONAN) fixed tap (YOM 1986);

e 2x11KkV feeders; and

e 1x11kV line regulator to control voltage for Shute Harbour feeder customers.
The transformer technical characteristics are:

e 5.0 % buck, 5.0 % boost, 1.25 % tap step.

SHUT is equipped with 1 x 66/22 kV 25 MVA (ODAF) OLTC power transformer, Transformer 1
(TR93484638). The assets at SHUT are:

e one transformer, 66/22 kV Dynl 25 MVA (ODAF) fixed tap (YOM 2007);

e 2 x22KkV feeders; and

e 1 x 66 kV transformer circuit breaker;
The transformer technical characteristics are:

o 2.59% buck, 17.5 % boost, 1.25 % tap step; and

e Ironlosses of 13.56 kW and copper losses of 49.65 kW.
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4.2. Sub-Transmission Network Limitation

The incoming cable from CANN-02 is 185 mm? aluminium with a confirmed rating of 34 MVA. This
is a constraint at present when CANN-01 is out of service between PROS and PRMI such that
PRMI is back-fed from CANN. In the next 5-6 years, assuming around 2 % growth as justified by
the forecast load and population growth, the constraint will exist for a single feeder outage without
back-feeding PRMI. The incoming cable from CANN-01 was replaced in November 2018 as part of
WR1254348 and now has a rating of 80 MVA. As such, this is no longer a constraint however the
remaining 66 kV entry/exit cables at CANN still remain.

Table 10 shows a forecast of substation loads and subsequent 66 kV feeder loadings in system
normal and contingency arrangements, excluding the temporary bypass arrangement. The existing
and emerging cable capacity constraints are visible in red.

Table 10 Forecast Substation and Feeder Loads Including Contingency Arrangements
Rating Constraint Forecast  2016/17 2017/18  2018/19  2019/20  2020/21  2021/22 2022/23 2023/24 2024/25 2025/26 2026/27 2027/28 2028/29
(MVA) (Actuals)

Substation Load Forecasts - Peak Loads (Summer)(MVA)

CANN Substation 14.1 14.4 14.6 14.9 15.1 15.4 15.7 16.0 16.3 16.6 16.9 17.2 17.5
Growth%  1.8% 1.8% 1.8% 1.8% 1.8% 1.8% 1.8% 1.8% 1.8% 1.8% 1.8% 1.8% 1.8%
Block Increase (MVA)

JUPO Substation 5.4 5.5 5.7 5.8 6.0 6.1 6.3 6.4 6.6 6.7 6.9 7.1 73
Growth%  2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5%
Block Increase (MVA)

MORO Substation 1.4 1.4 1.4 1.4 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.6 1.6
Growth%  1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0%
Block Increase (MVA)

SHUT Substation 10.5 10.7 10.9 11.1 11.4 11.6 11.8 12.1 12.3 12.5 12.8 13.1 13.3
Growth %  2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0%
Block Increase (MVA)

PRMI Substation 4.5 4.5 4.6 4.6 4.7 4.7 4.8 4.8 4.9 4.9 5.0 5.0 5.1

Growth%  1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0%
Block Increase (MVA)

Coincidence Factor

119 Cannonvale No1 (JUPO + MORO + SHUT Coincident Peak Load) 15.6 16.0 16.3 16.6 17.0 1723 17.7 18.1 18.4 18.8 19.2 19.6 20.0
Coincidence Factor (Calculated)  0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Feeder Load F - Coincident Peak Loads ( )(MVA)

118 Cannonvale No2 (PROS - CANN)

Normal 34  Cableinto CANN 14.1 14.4 14.6 14.9 15.1 15.4 i/ 16.0 16.3 16.6 16.9 17.2 17.5
119 (PRMI-CANN) 00S 34  Cableinto CANN 29.7 30.3 30.9 31.5 32.1 32.7 33.4 34.0 34.7 35.4 36.1 36.8 37.5
119 (PROS-PRMI) 00S 34  Cableinto CANN 34.2 34.9 35.5 36.1 36.8 37.5 38.2 38.9 39.6 40.3 41.0 41.8 42.6

119 Cannonvale No1l (PROS - PRMI Tee)
Normal 50 OH Line 15.6 16.0 16.3 16.6 17.0 17.3 17.7 18.1 18.4 18.8 19.2 19.6 20.0
118 (PROS-CANN) 00S 50 OH Line 29.7 30.3 30.9 SIS 321 32.7 334 34.0 34.7 35.4 36.1 36.8 37.5

119 Cannonvale Nol (PRMI Tee - CANN)
Normal 34 Cable into CANN (FAILED 2017) 15.6 16.0 16.3 16.6 17.0 1773 17.7 18.1 18.4 18.8 19.2 19.6 20.0
118 (PROS-CANN) O0S 34 Cable into CANN (FAILED 2017) 29.7 30.3 30.9 315 321 32.7 334 34.0 34.7 35.4 36.1 36.8 37.5

119 Cannonvale No1 (CANN - JUPO)
Normal 30 Cable from CANN 15.6 16.0 16.3 16.6 17.0 17.3 17.7 18.1 18.4 18.8 19.2 19.6 20.0

426 Mt Rooper (JUPO - MORO)
Normal 47 OH Line 10.7 10.9 11 113 15 118 12,0 122 12.4 12.7 12,9 13.2 13.4

426 Mt Rooper (MORO - SHUT)
Normal 47 OH Line 10.5 10.7 10.9 111 114 116 118 121 123 125 12.8 13.1 13.3
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4.3. Sub-Transmission Network Outages — MSS Reliability
Impacts

Table 11 details the significant sub-transmission outages of the last eight years including the fault
reason and feeder location. Table 12 then further categorises the fault locations and allows the
problem sections to be quantified. These tables indicate that over the last 8 years the sub-
transmission fault locations are distributed between sections as follows with approximately:

e 71 % of CANN-01 faults upstream of JUPO;
o 14 % on the section between CANN and JUPO;
e 19 % of faults are on the CANN-02; and
e 10 % of faults occur on the section from JUPO to Shute Harbour.

Faults before CANN can be resolved via manual switching to transfer JUPO onto CANN-02 or
CANN onto CANN-01 resulting in full restore after a 1-4 hr outage.

On the other hand, a cable fault on CANN-01 beyond CANN will result in an extended outage to all
major customer island loads including the customer loads at and beyond JUPO including MORO.
Supply can only be restored via 11 kV switching which has a transfer limit of 4 MVA.

4.3.1. CANN-02 Outage Rate:

The feeder outage statistics can provide some valuable insights. Including the fault locations that
are unknown but do have a feeder circuit outage reference:

e CANN-02 (cct 118) that supplies CANN experienced:

o 10 momentary outages from 2012-2018 (one of these related to TC Debbie in
2017);

o 8 outages over 8 years which translates to an overhead outage failure rate (i.e. over
26.5 km O/H) of 3.8 outages/100km-years; and

o An average overhead outage period of 1.5 hours which is reflective of manual
transfer time to CANN-02.

The 11 kV feeder underlying reliability performances are impacted by the 66 kV.

CANN ‘Urban’ feeders (MSS feeder target of 149 minutes) will have a baseline SAIDI of
90 minutes (or 60 %) of target MSS contributed by the performance of CANN-02.

Feeder performance of CANN-02 operates better than expected for a short overhead timber
pole/crossarm line construction. Up to 8 outages per 100km-years could be expected in the terrain
the line traverses.® Typically high reliability 66 kV line (i.e. SCCP c/w OHEW) outage rates would
be in the order of 1.30 to 2.50 outages per 100km-years.

8 Reliability Planning Guidelines NAOOO603R100
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4.3.2. CANN-01 Outage Rate and Section Performance:

Including the fault locations that are unknown but do have a feeder circuit outage reference:
o CANN-01 (cct 119) feeder between JUPO and Shute Harbour experienced

o 16 momentary outages from 2012-2018 (two of these related to TC Debbie in 2017);

o 2 outages in 8 years, not including the U/G, translates to an overhead outage failure
rate (i.e. over 6.0 km O/H) of 4.2 outages / 100km-years;

o An average overhead outage restoration period of 3.5 hours; and

o Based on the outage rate and period, the outage minutes contributed by the 66 kV
will be 52.5 minutes each year;

e CANN-01 (cct 119) feeder between PROS and JUPO that supplies JUPO, SHUT and
MORO experienced:

o 22 momentary outages from 2012-2018;

o 3 outages (total outage of 12 hours over 8 years, i.e. 90 minutes annually) occurred
between CANN and JUPO, 2 of which were U/G related (termination and lightning
arrestor);

o 20 outages over 8 years (3 U/G, 17 O/H) including the CANN — JUPO section which
translates to an overhead outage failure rate (i.e. over 29.6 km) of
7.2 outages/100km-years;

o An average overhead outage restoration period of 2.8 hours (which excluded all the
long duration cable related faults); and

o Based on the outage rate and period, the outage minutes contributed by the 66 kV
will be 358 minutes each year.

o If the failure rate improved to the level experienced by CANN-02 (i.e. 3.8 outages
per 100km-years):

= Excluding the 66 kV U/G outage performance, the outage minutes
contributed by the 66 kV would be 189 minutes (i.e. 29.6km x 3.8 outages x
2.8 x 60 min. / 100km) per year or an ‘Amber’ MSS feeder category upon
commissioning;

* Including the 66 kV U/G outage performance adds another 90 minutes — this
would result in a combined O/H (189 min.) + U/G (90 min.) SAIDI
performance of 279 minutes excluding the 11 kV distribution network
contribution; and

= Adding the Port of Airlie 11 kV full U/G feeder exposure of 3.0km, based on
a typical underground outage rate of 3 outages per 100 km-years and a 2
hour sectionalising time given the nearest response crew is at Proserpine
depot translates to 10.8 outage minutes per yeatr.

In total, allowing for improved 66 kV O/H performance, the average SAIDI calculated would be 290
min. which is 3 % off ‘RED’ feeder (i.e. 298 min.) status.
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Please note that U/G failures (termination, lightning arrestor and cable entry at CANN) resulted in
3 outages with an average outage period of 6.7 hours.

Feeder performance of CANN-01 is better than expected of a short overhead timber pole/crossarm
line with no OHEW construction. Up to 8 outages per 100km-years could be expected in the terrain
the line traverses.’

Based on the combined PROS to JUPO outage rate and restoration period performance of CANN-
01, all JUPO feeders (UR or SR) will experience a baseline impact of 448 minutes (i.e. 358 + 90.0
minutes) without even considering the underlying 11 kV performance. Due to the nature of the
urban load density of Airlie Beach and short distance from JUPO, all new 11 kV feeders
commissioned from JUPO to supply Airlie Beach customers will be categorised ‘Urban’ (MSS
target of 149 minutes) and immediately become ‘RED’ feeders due to the underlying contributing
poor performance of the 66 kV (i.e. CANN-01).

As such, it is not surprising that the JUPO Port of Airlie ‘Urban’ 11 kV feeder has been a ‘RED’
feeder since commissioning, however, the latest 2017/18 results appear quite reasonable. Any
permanent feeder load transfers from CANN (i.e. Island Drive, Airlie and Shingley) to JUPO will on
average immediately experience ‘RED’ reliability performance and in theory, should not be
encouraged.

Similarly, all SR feeders (MSS target of 424 minutes), will commence operation as ‘Yellow’ (MSS
target of 424 minutes) feeder status without considering the underlying performance of the 11 kV
network.

In summary, no new ‘Urban’ MSS categorised feeder can be commissioned from JUPO. Arguably
any new ‘SR’ feeders will also commence operation as a ‘Yellow’ feeder due to the underlying
CANN-02 66 kV performance.

These statistics highlight the impact CANN-O01 reliability has on the yearly outage duration and
frequency for customers supplied from the JUPO and MORO 11 kV feeders including the major
customer island loads.

It should be noted that the outage data used to create Table 11 and Table 12 excludes momentary
outages where the feeder experienced a successful auto-reclose.

¢ Reliability Planning Guidelines NAOOO603R100
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4.3.3. Cost of aLong Term 66 kV Cable Outage

The long term cost due to a sustained cable failure (e.g. 1.41 km Airlie Lagoon cable) from water
treeing has been considered in the context of a similar submarine cable failure.

Considering manufacturing lead times for 66 kV cables of 6 months, this would be considered a
catastrophic outage scenario where:

e The Hamilton, Hayman and Daydream generators would be operating full time for the entire
6 month period:

o Hamilton Island 9 MVA (6 sets);
o Hayman Island 5.9 MVA (4 sets);
o Daydream Island 3 MVA (3 sets); and

o $40/kVA pa demand charge and $400/MWh running - Total cost of $12.0M
comprising:
= Shute Harbour substation average daily load (i.e. combined Hamilton and
Hayman loads which have a combined AD of approx. 12.9 MW):

e 7.8 MW (i.e. $312,000pa); and

e 6-month energy charge at an average summer usage of 156
MWh/day (i.e. $62,400/day or $11.4M for 6 months)

= Daydream Island AD is presently re-negotiated to 330 kVA from 1200 kW:
e 0.2 MW (i.e. $8,000 pa); and

e 6-month energy charge at an average summer usage of 4 MWh/day
(i.e. $1,600/day or $0.29M for 6 months).

o The Sept. 2018 EQL Demand Response Opportunities report indicated demand and
running cost for Hamilton, Hayman and Daydream Islands would be between $8-
$12M (the raw diesel fuel cost with excise discounts would be $34,720 per day or
approx. $4.6M for 4 months);

= Diesel fuel cost is based on the Australian Institute of Petroleum Average
Diesel wholesale price (as of 9" December 2018): 126.8 cents per litre,
minus the fuel excise of 40 cents per litre, bringing the total to 86.8 cents per
litre.

e 4 MVA of JUPO load permanently transferred to CANN; and
¢ Standby generation deployed at JUPO and MORO to manage the balance.

] ]
20181003Whitsunda CANN JUPO MORO
y Generation Report.  SHHA substation Avg

The islands are presently exposed to similar risk during a privately owned submarine cable
failure and should have standby operating protocols to manage fuel supply and storage for an
outage of a similar long term duration outage.

A cost of this order (i.e. $8-12M for a 4-6 month restoration) borne entirely by the Island resort
operators would result in significant political pressure and brand damage.
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4.3.4.

A typical example for a ‘no fault found’ outage is shown in Figure 22. Some 1400 customers were
without power for the first 2 hrs while crew were dispatched to investigate and then manually
transfer load from one 66 kV feeder to the other. A subsequent outage was then required to return
the network to the normal configuration after no-fault was found.

Typical 66 kV ‘No Fault Found’ Scenario

Ewvent Times

| Customers OFf

N-DECAT 00:15:27

1471

A-DEC-1T 07:43:00 1353
H-DEC11 02:25:00 ar
A-DECT 02:26:00 1]
3-DECT 04:07:15 118
3-DEC-11 04:09:00 1]
31-DEC-11 04:40:00 1]
11MK8274
31/12/20110:18 | New entered from the SCADA Interface
31/12/2011 0:22 1 Dispatched (Crew member) on his way to investigate
31/12/2011 1:25 Work Commenced Crew confirmed CB tripped on Zone 2 B-C phase fault. Currently sectionalising.
31/12/2011 1:54 Update Opened ABS682 and energised part of feeder
31/12/2011 2:38 Update Have isolated fault (exact location still unknown) and placed Jubilee Pocket and
islands onto Cannonvale No.2 66kV Far,
31/12/2011 2:38 Update Asset selection modified
31/12/2011 4:05 Update Need to open CB to close ABS 682
131/12/2011 4:07 Update Asset selection modified
"""""" 31/12/20114:20 | Update Line energised successfully. Load transfer remaining.
31/12/2011 4:44 Restored No fault found. Feeder placed back into normal configuration.
31/12/2011 4:45 Completed
31/12/2011 11:07 | Restored
""""""" 31/12/201111:09 | Completed Crews patrolied from both Pros end and Cannonvale end during daylight hours
Nothing found to indicate cause of last nights fault

Figure 22 Example ‘No Fault Found’ Disconnected Customer Count and Outage Activity Log

The manual switching arrangement has also exposed customers to extra restoration delays due to
operational risks. For example, a Network Access Restriction at the substation extended one
outage and a lock and key malfunction on another.
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66 kV Outage Statistics

Table 11 Significant Sub-Transmission Outages on CANN-01 and CANN-02 Since 2010

Year Date EventNo.  66kV Feeder FaultLocation Review Comment CANN SS Customer Included Cust. Mins Unserved STPIS $ Cust. STPIS$ Cust. STPIS$ VCR Number
Summer Benefit s Duration Energy (kWh) Mins Int @3%35/kWh  of
End (Hrs) Events
- - - Ej - - -
2010 28/04/2009 0:30 09MK2259 118 UNKNOWN zone 2 A-C phase distance protection. FULL 4849 1.00 290,940 7,57 $ 181,739 $ 299,893 $ 481,633 $250,503 1
Fault location
Failed Cable Pothead on pole 6030159 at and
15/07/2009 13:00 09SMK3323 119 CANN-JUPO Airlie Beach, took 3hrs to locate fault switching 727 4.50 196,290 31,69 $ 103,885 $ 42,577 $ 146,463 $1,109,371 1
B&C Timed Zone 2. Burnt 66kV Crossarm
on 66/11kV Common Pole,
cnr of Pandanas & Shute Harbour Dr
2/09/2009 15:00 09MK4123 118 PROS-CANN (Before CANN) FULL 4986 2.50 747,900 33,950 $ 467,185 $ 308,366 S 775,551 $1,188,233 1
2/09/2009 21:00 09MK4135 119 PROS-CANN Burnt 66kV Crossarm near previous fault FULL 4986 1.50 448,740 14,501 $ 237,493 $ 292,008 $ 529,501 $507,527 1
17/10/2009 5:00 0SMK4909 119 UNKNOWN Trip and manual reclose FULL 301 0.50 9,030 5630 $ 4,779 $ 17,628 S 22,407 $197,067 1
JUPO notin service. JUPO would have
31/01/2010 12:30 10MK0666 119 PROS-CANN isolated this fault. Excluded. FULL 272 0.00 $0 1
2010 Total 1.67 1,692,900 92,934 $ 995081 $ 960,473 $ 1,955,555 $3,252,701 6
2011 6/12/20107:00 10MK8790 118 PROS-CANN Polymer Insulator replaced SL4111030 FULL 4666 1.50 419,940 8159 $ 262,321 $ 288576 $ 550,896 $285,558 1
26/02/2011 4:30 11MK1283 118 UNKNOWN Zone 2 trip. Manual reclose successful.  FULL 5872 1.00 352,320 5694 $ 220,081 $ 363,162 $ 583,243 $199,307 1
2011 Total 1.25 772,260 13,853 $ 482,402 $ 651,738 $ 1,134,139 $484,865 2
Zone 2 trip. Patrols and Manual transfer
2012 31/12/20111:00 11MK8274 119 UNKNOWN done. No fault found FULL 1471 1.50 132,390 13,478 S 70,067 $ 86,150 S 156,217 $471,732 1
2012 Total 1.50 132,390 13,478 $ 70,067 $ 86,150 $ 156,217 $471,732 1
Car hit pole near PROS. Manual transfer
2013 26/08/20120:30 12MK6263 119 PROS-CANN  at CANN hindered by key/lock issue FULL 1392 4.50 375,840 25162 $ 198,911 $ 81,523 $ 280,434 $880,656 1
Patrol done. No fault found. Manual
31/12/2012 2:00 12MK9491 118 UNKNOWN reclose successful FULL 4818 1.50 433,620 7,004 $ 270,866 $ 297,976 S 568,842 $248,649 1
2013 Total 3.00 809,460 32,266 $ 469,777 $ 379,499 $ 849,277  $1,129,305 2
Linked to 13MK5345. Forced outage to
2014  8/08/2013 16:30 13MK5343 119 PROS-CANN repair burning pole. FULL 1507 6.50 587,730 24,748 S 311,053 $ 88,258 S 399,311 $866,190 1
S/L4047393 pole between PROS and
21/10/2013 9:00 13MK6814 118 PROS-CANN  CANN FULL 4893 150 440,370 11,910 $ 275082 $ 302,615 $ 577,697 $416,862 1
Patrol done. No fault found. Manual
26/10/2013 13MK7000 119 UNKNOWN reclose successful FULL 1514 1.00 90,840 7,187 $ 48,077 $ 88,668 S 136,745 $251,538 1
Manual reclose would not work.
30/01/2014 18:00 14MK0738 118 UNKNOWN d i fault FULL 4869 2.50 730,350 29,449 $ 456,222 $ 301,130 $ 757,352  $1,030,727 1
2014 Total 2.88 1,849,290 73,295 $ 1,090,434 $ 780,672 $ 1,871,105  $2,565,316 4
2015 17/09/2014 18:30 14MK5097 119 PROS-CANN pole top fire between PROS and CANN  FULL 1539 2.50 230,850 16,751 $ 122,176 $ 90,132 $ 212,308 $586,293 1
2/11/2014 18:00 14MK5892 119 PROS-CANN pole top fire between PROS and CANN  FULL 1546 4.50 417,420 38061 $ 220917 $ 90,542 $ 311,459  $1,332,140 1
3/11/2014 23:00 14MK5956 119 PROS-CANN pole top fire between PROS and CANN  FULL 1546 1.50 139,140 7,610 $ 73,639 $ 90,542 $ 164,181 $266,361 1
26/11/2014 12:00 14MK6560 119 PROS-CANN  Fallen before CANN FULL 1547 3.50 324,870 43,739 $ 171,936 $ 90,601 $ 262,537  $1,530,852 1
2015 Total 3.00 1,112,280 106,161 $ 588,668 $ 361,818 $ 950,486  $3,715,646 4
Fault location
and
2016 15/08/2015 16:30 15MK4961 119 CANN-JUPO SL 4104853 between CANN and JUPO. switching 1587 1.00 95,220 7,981 $ 50,395 $ 92,944 S 143,338 $279,324 1
8/10/2015 11:00 15MK5988 119 PROS-CANN 4047175 near PROS FULL 1590 8.50 810,900 37,419 $ 429,164 $ 93,119 $ 522,283 $1,309,650 1
Patrol Done. No Fault Found. Reclose
12/03/2016 23:00 16MK1716 119 UNKNOWN successful. FULL 1586 4.00 380,640 27,222 $ 201,452 $ 92,885 $ 294,337 $952,756 1
2016 Total 4.50 1,286,760 72,621 $ 681,010 $ 278948 $ 959,958  $2,541,729 3
Patrol Done. No Fault Found. Reclose
2017 19/06/2016 10:30 16MK3737 119 UNKNOWN successful. FULL 1585 3.50 332,850 25240 $ 176,159 $ 92,826 $ 268,985 $883,408 1
Fault location
and
15/07/2016 2:00 16MK4586 119 CANN-JUPO Blow LAs on outgoing cable at CANN switching 6766 6.50 2,638,740 43,264 $ 1,396,538 $ 396,255 $ 1,792,793 $1,514,245 1
16/10/2016 11:30 16MK6685 119 PROS-CANN Pole 4047206 near PROS FULL 1604 1.50 144,360 14,658 S 76,402 S 93,939 $ 170,341 $513,013 1
24/11/2016 19:00 16MK7938 119 PROS-CANN  Cane Fire near PROS 4047183 FULL 1585 1.50 142,650 12,122 $ 75,497 S 92,826 $ 168,323 $424,259 1
PROS Bus 2 outage, lost 118. Supply
20/01/2017 9:00 17MKO0668 118 PROS BUS 2 would have been maintained via 119 FULL 10211 0.50 306,330 4540 $ 191,353 $ 631,514 S 822,867 $158,892 1
13/03/2017 16:00 17MK2812 119 PROS-CANN  Cable Fault, incomming 66kV into CANN  FULL 1615 9.00 872,100 100,327 $ 461,554 $ 94,583 $ 556,137  $3,511,437 1
2017 Total 3.75 4,437,030 200,150 $ 2,377,502 $ 1,401,944 $ 3,779,446  $7,005,253 6
Grand
Total 2.84 12,092,370 604,758 $ 6,754,941 $ 4,901,242 $11,656,183 $21,166,547 28
Number
Unserved STPIS $ Cust. STPIS S Cust. VCR of
Cust. Mins Energy (kWh) Mins Int STPIS $ @$35/kWh  Events
8year Average Annual 1,511,546.25 75,594.81 $844,368 $612,655 $ 1,457,023 $ 2,645,818 3.50
3year Average Annual 2,278,690.00  126,310.74  $1,215,727 $680,903 $ 1,896,630 $ 4,420,876 4.33
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Table 12 Sub-Transmission Fault Locations (Known)

[0)
Fault Fault 66kV AN

Location Location Feeder Fau_lt
Locations

T Wy A

CANN-JUPO CANN-01 14.29%
Beyond CANN °
JUPO-SHUT CANN-01 9.52%
Beyond o
CANN Total 23.81%
PROS BUS 2 CANN-02 4.76%
EEIONOA NN PROS-CANN CANN-02 14.29%
CANN-01 57.14%
Before CANN 76.19%
Total
Grand Total 100.00%

Table 13 Sub-Transmission Momentary Outage Events Since 2012
CANN-01 (PROS- CANN-02 (PROS- b (MREET G318

(JUPO -
JUIO) AN SHUT+MORO)
Momentary Outage Events 22 10 16
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4.4. Distribution Network Limitation

The distribution network feeder limitations for CANN, JUPO, MORO and SHUT are presented in
Table 14. It is evident that the distribution feeders in the Airlie Beach region are generally being
loaded within the 4 into 3 urban 11 kV feeder utilisation design criteria of 75 % which enables
management of contingency condition load transfers. It is possible to switch some loads between
feeders if required in order to balance out feeder utilisation using adjacent intra-feeder and/or inter-
feeder ties between CANN and JUPO. There are also plans for a future 66/11 kV substation at
Riordanvale (RIOR) to further support the distribution network south-east of Cannonvale if
required.
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Table 14 Distribution Network Feeder Demand, Rating and Utilisation

0 g O atlo
cede Dema .
210JIE S A UG | OH | Prot 0
A | A &
S . 240mm?” Cu. XLPE | Neptune 19/3.25
114 — Main Street (QESI 757) AAC (QESI290) 101 300 | 343 | 200 50.5
101 — 240mm? Cu. Neptune 19/3.25
Crystalbrook Triplex XLPE AAC (QESI290) 154 300 | 343 | 250
L . 240mm? Cu. Mercury 7/4.50
Lu;) 102 - Strathdickie Triplex XLPE AAC (OESIZBg) | 123 | 300 | 281 250
400mm? Al. Triplex
14102 - Foxdale XLPE, QESI Pluto 19/3.75 68 310 | 404 | 240
AAC
(1725)
105 — Island 3C 240mm” Al. Neptune 19/3.25
Drive, PLYSW PVC AAC (QESI290) | 160 245 | 220 | 300
. 240mm? Cu. Neptune 19/3.25
106 — Airlie+ Triplex XLPE AAC (QESI200) | 188 | 360 | 289 | 300
3C 240mm? Cu. Mercury 7/4.50
% 107 — Cannonvale XLPE (QESI 757) | AAC (QESI288) 112 300 | 281 | 264
< , 3C 240mm® Al. Pluto 19/3.75
®1| 127 - Shingley+ LYW Pve AAC 108 340 | 404 | 300
400mm? Al. Triplex
1851 - Able Road | XLPE, QESI Mars 7/3.75 165 | Unk | 302 | 300
AAC
(1726)
398 — Paluma 240mm? Cu. Mercury 7/4.50
Road Triplex XLPE | AAC (QESI2gg) | 206 | 300 | N/A | 300
1882 — Port of 1C 400mm? Cu.
Airlie XLPE QESI(1724) N/A 109 | 400 | N/A | 300
B . 2 Jasper 7/4.75
g [ zomron | T T T | e
2 b 6201(QESI 327)
2 Jasper 7/4.75
1887 — Mandalay TZ:O|2>TXL(:PUE AAAC 40 | 300 | 280 300
P 6201(QESI 327)
Jasper 7/4.75
5 10!-8|a_rbsorL11Lrlte N/A AAAC 14 | NA | 183 200
T 6201(QESI 327)
C§> 122 —
Daydream/Sth Private N/A 60 140 | N/A | 150
Molle
= 124 — Hamilton Private N/A 197 310 | N/A | 300
-]
I E
2N 125 _Hayman | 22 kvg;bbl;“a””e N/A 73 310 | N/A | 175

+ = feeders that supply Airlie Beach

The 2017/18 reliability of the distribution feeders at CANN, JUPO, MORO and SHUT are shown in
Table 15. The reliability of the Airlie Beach distribution network since 2013 is presented in

Table 16. It is evident that multiple feeders, especially those reliant on CANN-01 (i.e. JUPO and
MORO feeders), have consistently shown poor reliability.

Page 46
Ergon Energy Corporation Limited ABN 50 087 646 062
Energy Queensland Limited ABN 96 612 535 583
Energex Limited ABN 40 078 849 055



SRS /
N/ 4

energex

Planning Proposal
Table 15 2017/18 SAIDI and SAIFI Values for all 11 kV Feeders in the Airlie Beach Region

Substation Category SAIDI SAIFI REIE

Status
114 — Main Street Urban 36 0.2
105 - Island Drive+ Urban 20 1.0

106 — Airlie+ Urban 250 3.2
107 — Cannonvale Urban 63 1.2
127 — Shingley+ Short Rural 412 4.6
1851 — Abel Road Short Rural 24 1.1
398 — Paluma Road Short Rural 122 1.4
1882 — Port of Airlie Urban 98 1.1

1885 — Jubilee Pocket

Edr Short Rural 177 2.6
1887 — Mandalay Short Rural 567 3.2 Yellow
108 — Shute Harbour Short Rural 458 3.0 Yellow
MORO paydream/South | short Rural 12877 4.0 Few Cust
SHUT 124 — Hamilton Short Rural 3515 3.0 Few Cust
125 — Hayman Short Rural 42 1.0 Few Cust
Table 16 SAIDI and SAIFI Values Since 2013 for 11 kV Feeders in Airlie Beach Region

2013/14 2014/15 2015/16 2016/17

Fesder | Cat
2| 2 203 738

114 — Main Street
2.47 | 250.69 |
3.31 | 283.59 |
2.14 | 219.62 |

105 — Island Drive \
106 — Airlie \
107 — Cannonvale \
127 — Shingley . \
1851 — Able Road

398 — Paluma
Road

1882 — Port of
Airlie

1885 — Jubilee
Pocket Fdr
1887 — Mandalay

108 — Shute
Harbour

The number of customers and the customer growth on each feeder can be seen in Table 17.
Approximately 1,600 customers, in addition to the three major island customers, are subject to the
poor reliability of the 66 kV feeder between PROS and CANN.
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Table 17 Feeder Customer Numbers since 2013/14

2013/14 2014/15 2015/16 @ 2016/17 2017/18

Substation Feeder
114 — Main Street Unk 121 120 114 107
105 — Island Drive 1066 1062 1063 1133 1064
106 — Airlie 844 803 816 853 780
CANN 107 — Canponvale 1786 610 620 653 655
127 — Shingley 691 707 738 783 788
1851 — Abel Road 0 1226 1276 1373 1422
398 — Paluma Road 607 637 670 709 733
1882 — Port of Airlie 0 79 77 78 73
JUPO 1885 — Jubilee Pocket Fdr 1059 1035 1050 1154 1311
1887 — Mandalay 254 269 264 283 290
108 — Shute Harbour 86 81 76 78 79
122 — Daydream/South Molle 1 1 1 1 1
124 — Hamilton 1 1 1 1 1
125 — Hayman 1 1 1 1 1
Total All of the Above 6396 6512 6653 7100 7198

The premise growth translates to a 2.4 % growth annually since 2013/14. This growth is below the
LGIP population forecast, however, the above growth refers to premise growth and the LGIP

figures (i.e. 3.2 % pa growth from 2016 to 2021) refers to population growth.

Page 48

Ergon Energy Corporation Limited ABN 50 087 646 062
Energy Queensland Limited ABN 96 612 535 583
Energex Limited ABN 40 078 849 055




~~~~~

energex

Planning Proposal

4.5. Requirement for Future Riordanvale Substation

Land has been strategically purchased at Riordanvale, location shown in Figure 1, in preparation
for future load growth in the area south-west of Cannonvale. Currently, this area is supplied by the
11 kV feeders Paluma Road, Cannonvale and Abel Road from CANN and from the extremities of
Crystalbrook, Strathdickie and Foxdale from Kelsey Creek East (KECE) 66/11 kV substation. The
current utilisation of these CANN feeders, as presented in Table 14, indicates that Paluma Road
will likely be the first to exceed 75 % utilisation (defined as a ‘Red’ urban capacity limit) and thus
exceed the required 4 into 3 feeder design criteria. A full breakdown of the predicted load for all
Airlie Beach region feeders can be found in the following spreadsheet.

@

CANN_JUPO CSA
2018_v0.3.xlsx

The load growth experienced by the three CANN feeders in recent years is approximately 2.0 %. If
this growth rate was to continue, the feeder utilisation of these feeders would look as shown in
Table 18. Under the base case scenario, where no efforts were made to reduce the load on any of
the feeders, RIOR would be required to support the load growth in 2021. Fortunately, there are
existing network ties between the three feeders that would allow feeder reconfiguration and some
load redistribution thereby reducing the load on Paluma Road to defer augmentation. The available
load transfers would keep the utilisation of Paluma Road below 75 % (defined as ‘Yellow’ urban
capacity feeder) until 2025. The final assessed scenario would require simple network
augmentation which would allow approximately 50 A of load to be transferred from Paluma Road to
Cannonvale. This would push the required by date of RIOR out until 2032 when all three feeders
exceed the design criteria.

Table 18 Feeder Utilisation Under Base Case, Load Transfer and Network Augmentation Scenarios
Paluma Road Abel Road Cannonvale

Base Load | Network Load | Network Load | Network
Case | Transfer | Aug. Case | Transfer | Aug. Case | Transfer | Aug.
(%) (%) (%) (%) (%) (%) (%) (%) (%)

70.0 65.0 53.3 56.0 58.7 56.0 37.5 40.2 56.4
71.4 66.3 54.4 57.1 59.8 57.1 38.3 41.0 57.6
67.6 SSES 58.3 61.0 58.3 39.0 41.8 58.7
69.0 56.6 59.4 62.3 59.4 39.8 42.6 59.9
70.4 57.7 60.6 63.5 60.6 40.6 43.5 61.1
71.8 58.9 61.8 64.8 61.8 41.4 44.3 62.3
73.2 60.1 63.1 66.1 63.1 42.2 45.2 63.6
74.7 61.3 64.3 67.4 64.3 43.1 46.1 64.8
62.5 65.6 68.7 65.6 43.9 47.0 66.1
63.7 66.9 70.1 66.9 44.8 48.0 67.5
65.0 68.3 71.5 68.3 45.7 48.9 68.8
66.3 69.6 72.9 69.6 46.6 49.9 70.2
67.6 71.0 74.4 71.0 47.6 50.9 71.6
69.0 72.4 72.4 48.5 51.9 73.0
70.4 73.9 49.5 53.0 74.5
50.5 54.0
51.5 55.1
52.5 56.2
53.6 57.3
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4.6. Safety Net Compliance

CANN substation has two 66 kV incoming feeders (CANN-01 and CANN-02) and two 15 MVA
transformers that ensure supply can be fully restored to CANN customers within Safety Net
requirements. On the other hand, JUPO, MORO and SHUT do not have N-1 security and are
reliant on the 66 kV radial feeder between CANN and JUPO. Currently, a fault on this section of
line will result in an outage for all JUPO, MORO and SHUT customers which combine for a peak
load at risk of approximately 16.4 MVA.

There is load transfer capacity of 4 MVA to transfer JUPO customers to CANN via 11 kV switching.
This 11 kV switching combined with mobile generation is sufficient to restore supply to all LV
Customers within the Safety Net requirement. The major customers of Hayman, Hamilton,
Daydream and South Molle islands would experience an outage for the full duration of the time it
takes to locate and restore the fault.

As these are major resorts that play an integral role in the success of the tourism industry in the
Airlie Beach region, an extended outage for these customers is undesirable and will likely have a
significant business impact.

The section at highest risk of causing an extended outage is the 1.41 km underground cable
passing through the main tourist centre of Airlie Beach highlighted in Figure 23 as Section A. Fault
finding (i.e. minimum of 1 week unless a notified dig in occurred) and repair (i.e. minimum of 3
days for 2 joints and a new length of cable pending weather and fault location) of this cable would
be very time consuming and likely result in an outage that spans days or even weeks instead of
hours for the island customers. This section of cable is also the same XLPE type and of similar age
to the recently failed 66 kvV CANN-01 entry cable and tested CANN-02 entry cable at CANN and
has therefore been identified as having a high risk of failure within the next few years.

The concern is that if this particular cable is experiencing water treeing issues, a replacement
rather than a repair will be required. The majority of the route from the Airlie Lagoon to Mazlin
Street is direct buried, has 2 joint bays and constructing an interim overhead bypass would be
highly problematic.

B1100198 Airlie B1 100196 66-11kV
Beach Proposed Unde Extension Airlie Beact

A ’l :‘
Section B - 0.186 km § \

3 00per,)
W"?G‘m\\@_ WG

R e 3
Nl

: . » -y
Figure 23 Geographic Overview of the 66 kV Sub-transmission Network Downstream of CANN
A second 66 kV feeder between CANN and JUPO would reduce the likelihood of an extended
outage to the island customers. This will also have an additional benefit to the 11 kV customers of
JUPO and MORO as this will remove the need of manual switching of the 11 kV network, which
typically takes 1-4 hours, to restore supply if a sub-transmission fault occurs. Whilst there is an
available 66 kV feeder c/b at JUPO, the cost to duplicate is substantial. A more cost-effective
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option would be to duplicate Section A only and progressively build towards a second feeder in co-
ordination with TMR.

The strategic need to duplicate this feeder section was also identified around 2005 and steps have
been taken to install conduits through Airlie Beach as the opportunities arise. Options analysis has
also previously been undertaken regarding selecting and securing a complete feeder route
between CANN and JUPO.

Although duplication of the 66 kV Mt Rooper feeder between JUPO and MORO+SHUT would
further reduce the likelihood of an extended outage to the island customers, the time to resolve a
fault on this line is significantly less than the underground cable of Section A.

The underground cable regions on this feeder, Section B and Section C in Figure 23, are shorter
and have better accessibility which results in faster fault location and repair.

The risk of a failure on this cable section will therefore be managed by an appropriate risk
management Safety Net plan which may be supported by immediate cable duplication or
installation of spare conduits through the direct buried sections and appropriate strategic spares
(i.e. 66 kV cable lengths and terminations) of the two underground sections past Mandalay and the
airport.
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4.7. Asset Life Cycle Summary

The existing CANN substation is of early 1980s vintage and is in reasonable condition. However,
CBRM modelling summarised in Table 18, Table 20 and Figure 24 shows that the transformer CTs
are due for replacement within the next 10 years, and the transformer 66 kV circuit breakers are
ABB HLC type which are planned for replacement in two years as part of a REPEX replacement
program. WR1217519 which was raised to replace these 66 kV CBs has been bundled into the
WR for this project (WR1274424). The transformers have been recorded as leaking oil via the
cable box seal which can be handled under normal maintenance work. The EAO01 CTs have
already been replaced under WR1107759.
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Figure 24 CANN Primary Plant Condition
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Table 19 CBRM Results (66 kV)
Estimated
01-Nov-2017 Retirement | Replacement
Asset Description HI YO HI Y10 | Age Year Reason
MK CANN EA0152 - CB92601516 1981
66kV - ASEA > HLC 72.5-84/1600 RR3
(814619105) 10.36 | 37 2026 | WR1217519
MK CANN EA0352 - CB92605855 1981
66kV - ASEA > HLC 72.5-84/1600 RR3
(814619106) 10.36 | 37 2026 | WR1217519
MK CANN EA01TO3 A ph - CT93102624
1980 66kV BONNER STANGER > RR2
B66990/3 (C0690) 10.92 | 38 2020 | WR1107759
MK CANN EAO01T03 B ph - CT92129842
1980 66kV BONNER STANGER > RR4
B66990/3 (C0691) 8.55| 38 2020 | WR1107759
MK CANN EAO01TO03 C ph - CT92561043
1980 66kV BONNER STANGER > RR4
B66990/3 (C0692) 10.92 | 38 2020 | WR1107759
MK CANN EAO03T03 A ph - CT93184661
1980 66kV BONNER STANGER >
B66990/3 (C0695) 8.55| 38 2020
MK CANN EA03TO03 B ph - CT92134493
1980 66kV BONNER STANGER >
B66990/3 (C0693) 855| 38 2020
MK CANN EA03T03 C ph - CT93048139
1980 66kV BONNER STANGER >
B66990/3 (C0694) 8.55| 38 2020
MK CANN EA0397 A ph - VT93209392
1987 66kV ASEA > EMFC72 (7712250) 8.20 | 31 2027
MK CANN EA0397 B ph - VT93231196
1987 66kV ASEA > EMFC72 (7712252) 8.20 | 31 2027
MK CANN EA0397 C ph - VT93224514
1987 66kV ASEA > EMFC72 (7712251) 8.20 | 31 2027
Table 20 CBRM Results (11 kV)
Estimated
01-Nov-2017 Retirement | Replacement
Asset Description HI YO HI Y10 | Age Year Reason
MK CANN FBO7TO03 A ph - CT92529529
1981 11kV GEC > ### (564219) 10.71 | 37 2021
MK CANN TFR1 3 ph - VT93219427
1981 11kV GEC > ### (1910855) 10.71 | 37 2021
MK CANN TFR1 3 ph - VT93225784
1981 11kV GEC > ### (1791415) 10.71 37 2021

The known issues that currently exist at CANN substation are as follows:

o Transformer Access - A large Ubinet antenna pole is in the existing driveway reserve in a
location that blocks crane access to the 66/11 kV transformers. This will become more of
an issue as CANN 11 kV load grows beyond the N-1 transformer rating. The recommended
works should take this into consideration and attempt to improve accessibility.

e ABB HLC Circuit Breakers - The two transformer 66 kV circuit breakers are of ABB HLC
type. These are part of a REPEX replacement program due to a known potentially
explosive failure mode. The CBs are planned for replacement in 2020 under WR217519.
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Land for 66 kV Switchyard - The adjoining block of land at the rear of CANN substation
has been acquired previously. Development of the block into an outdoor switchyard is
complicated by a council-owned sewerage line. Relocation of this sewage line has
previously been estimated to be $1M.

Failed 66 kV Entry Cable — CANN-01 feeder cable entering the switchyard at CANN
recently failed in January 2017 and, as of November 2018, a temporary overhead bypass
arrangement is in place. The cable construction is single core XLPE insulated aluminium
conductor with a light duty copper screen and no insect protection. Analysis of the XLPE
insulation by The University of Queensland (UQ) on both the faulted phase and a healthy
phase cable was conducted. The investigation report stemming from this fault can be found
in the INC-1136936 report below along with the testing report from UQ and the scope
statement for the cable replacement project. The conclusions from this testing are
summarised below:

“It was postulated that the failure resulted from the flashover of the phase conductor to the
screen due to the progressive development into electrical trees of vented trees and/or the
cumulative effects of multiple bow-tie trees over time. The true root cause could not be
determined without doubt, however, given the age of this cable and the fact significant
numbers of water trees were discovered in un-faulted phases, this is the most likely cause
in this instance. It is probable that other failures in cables of this same type and age will
occur over the next few years.”

@ . 5

INC-1136936 Report C03513 WR1254348 MK
Investigation Report Cannonvale Energex. CANN Cann No 1 66k

Aging 66 kVV CANN Cables — All cables in and out of CANN are of similar type and vintage
as the failed CANN-01 entry cable. Additionally, testing of the CANN-02 exit cable was
performed as detailed in the below report. On-line Partial Discharge (PD) testing confirmed
the presence of PD on this section of cable using two different test sets. The extensive
testing performed on the faulted CANN-01 entry cable found the presence of significant
water trees and suggested that it is probable that other failures will occur in cables of the
same age and type within the next few years.

CANN- 66KV
cannonvale No.2 Fee
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Aging 66 kV Cable from Abell Point Marina to Airlie Foreshore — The underground

66 kV cable between Abell Point Marina (pole 4104853) and the Airlie Foreshore

(pole 6030159) is also of similar vintage to the failed 66 kV CANN-01 cable. Testing has not
been performed on this section of cable as this testing must be performed off-line which
would require an outage to the cable. A fault on this approximately 1.41 km section of line
would lead to an extended outage to customers downstream of JUPO. Recommended
works should therefore also consider the replacement of this aged asset.

Cable Constraints — The 66 kV entry and exit cables at CANN are rated at 34 MVA. The
system peak currently exceeds 34 MVA (4.5 MVA from PRMI, 15 MVA from CANN,

5.4 MVA from JUPO, 1 MVA from MORO and 10 MVA from SHUT) when operating under a
contingency scenario where CANN-02 has failed. The overhead sections of the 66 kV
feeders from PROS are rated above 40 MVA, therefore, the underground cables at CANN
are the constraining conductors. Increasing the rating of these cables would alleviate the
risk of load exceeding rating during a contingency scenario and thus reduce outage time
and improve reliability. The faulted 66 kV CANN-01 entry cable was replaced with a 66 kV
cable rated at a cyclic loading of 700 A (80 MVA) as detailed in the below rating report. It is
recommended that any additional cable works also achieve this rating.

WR1254348 cable
rating report prelim2(
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4.8. VCR Value

Energy Queensland utilises the AEMO 2014 Value of Customer Reliability (VCR) values as part of
its investment and project planning process. VCR is an economic value applied to customers’
unserved energy for any particular year and is intended to represent customers’ willingness to pay
for their reliability of electricity supply. VCR is used to supplement Ergon Energy and Energex’s
Jurisdictional Security Criteria requirements by helping compare project options in a project
business case or RiT-D, where reliability is assessed to have a material impact. VCR analysis can
also be used to demonstrate the customer benefits of investment above mandatory requirements,
to achieve an improved, efficient customer reliability outcome, but in practice, this application is
very rare. Detail about how VCR is applied in investment analysis is included in each DNSP’s
Distribution Annual Planning Report (DAPR)’ under Section 6.4 on Network Planning Criteria and
can be found under the following links.

Customer impact of the Cannonvale/Airlie Beach sub-transmission network configuration has
increased substantially in the last four years. This is reflected in the VCR values based on analysis
of historical outages over the past eight years as shown in Figure 25. The calculated VCR value of
$28/kWh is justified in Appendix A. The VCR values in Figure 25 are calculated using $28/kWh.

$6,000,000

$5,000,000
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$1,000,000 - ~
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Figure 25 Lost Energy VCR due to Lack of Switchyard at CANN (Actuals)

° https://www.ergon.com.au/network/network-management/future-investment/distribution-annual-
planning-report
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The proposed BAU VCR to be used in the NPV options will be either based upon:

e The 8 year average of $2.117M pa;

e Escalated to the 3 year average of $3.536M pa if business carries on as usual and aged
assets experience long term failures; or

e An 8 year average of $1.765M by excluding the 2017, 9 hour outage that had a VCR cost of
$2.8M.

VCR figures used in the NPV options analysis will be applied as an indirect benefit of $1.765M
annually.
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5. RISK ASSESSMENT

Table 21 Risk Assessment for CANN 66 kV Feeder Duplication and Switchyard Upgrade
Risk Inherent/Untreated

Category Risks

Potential Safety Net breach C L RiskScore L Risk Score
due to fault finding delays and
repair for 66 kV cable faults
between CANN and JUPO
Legislative Cable (<6 hours). As concerns about 16

the reliability of this asset have (Moderate)
previously been raised an
improvement notice may be
issued by the regulator.
Extended outages of >2 days Risk Score Risk Score
occur due to the repairs

Equipment Risk Scenario Target (Residual)

Customer Cable required on 66 kV cable faults 4 | 4 (Moc:iLeGrate) 1
between CANN and JUPO.
Interruption of 2-6 hours bi- Risk Score Risk Score
monthly leads to ongoing

Customer disruption to 7,198 customers 15
in a tourism-based economy, (Moderate)
including major island resorts.
Catastrophic failure of 66 kV Risk Score Risk Score
plant resulting in a single

Safety fatality of staff and/or members (Modlesrate)

of the public.
Adverse regional media Risk Score Risk Score
attention results in

Customer reputation/brand damage due 12

to ongoing outages to 314 1
internationally renowned (ierterEiE)
tourism resorts and hotels.

Network Risk Evaluation Matrices:

Network Risk
Sub-Scales. pdf

Risk Assessment Outcome:

The network (business) risks the organisation would be exposed to if the project was not
undertaken (Inherent Risk) are not deemed to be as low as reasonably practicable (ALARP).
Addressing the risks, as detailed above, through implementation of the preferred option (Option A)
will reduce Energy Queensland’s risk exposure (Residual Risk) in the most cost-effective manner.
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Risk Assessment Map:

The risk assessment map for the most significant risk present at the study area of this project
(Cannonvale and Airlie Beach) is provided in Figure 26.

Risk Scenario
Potential Safety Net breach due to fault finding delays and repair for 66kV cable faults between CANN and

JUPO (<6 hours).
Consequence

Risk Category C=4
Ezrended cutage to
Outage on GERY feeder Hayman, Hamilkan,
Legislated results in FaL!It lowation Load restared through Load re.stored thr.ough Dagdre.am and South . 4- E_n.erg.g Queensl:al.ﬂd
and restoration efforts mobile generation Molle islands as load identified is=ue requiring

Requirements

ko meet Sakety Met
requirements

manual transfers

equipment

transkers and mobile
generation do nok meet
demand

regulator ko be notified.

Risk Factors

Lo== of supply ko JUPD,

IMORO and SHUT
customers, Combined
peak load at risk of
approgimately 164015

Unauwailability of feeder
ties and remote
switches. High loading
of Ik feeders therefore
limitirig transker
capability

Potential unawailability
of maobile generation
equipment. Capacity faor
mobile generation
supply does not meet
demand

Fiepair of ¢able Fault
exceeds 18 hours
resulting in a Safety fet
breach as unsupplied
load of the island
customers would
encesd GMYA

Existing
Controls

Relevant Risk Factors, causes and comments

Load transfers wia
switching on T1kY
netwark through ties to
CARM substation
[approsimately 4 MY A
of transfer capability)

Load transfers plus
muobile generation can
restore supply bo all LY

customers [but not
major HY custamers)

Diemand from major island customers likely bo increase as the resorts finish refurbishment following cyclone damage repairs.
Thiz would further increase the load at risk.

[k Scove [Pk Dwscain
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Figure 26 Risk Assessment Map for the Greatest Inherent/Untreated at CANN and the Airlie Beach
Sub-Transmission Network
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6. PLANNED UPGRADE OF SHUTE HARBOUR ROAD (CANN TO
ABELL POINT)

Queensland Department of Transport and Main Roads (TMR) has engaged a consultant (i.e.
AECOM) to carry out an options analysis and business case for the upgrade of Proserpine Shute
Harbour Road between Island Drive to Waterson Way and Coconut Grove to Hermitage Drive.

This upgrade will have a significant impact on any 66 kV design to duplicate the CANN to JUPO
feeder particularly between CANN and Abell Point Marina. This section of feeder will present
challenges for both overhead and underground installation as:

- The road corridor is heavily constrained with geographical features (large cut and fill
slopes) and significant services present;

- Attempting to erect overhead or install underground along a section of road that is currently
undergoing feasibility analysis will be difficult to finalise and obtain TMR design sign off and
approval. TMR would prefer a co-ordinated approach given the complexities along this
constrained corridor with alignments, shared trench works, potential relocations, asset
damage and the subsequent risk of cost escalation upon both parties; and

- The present TMR program of works pending delays due to approval and funding is to
complete the:

o Island Drives to Jones Road by 2022 (approx. 0.9 km); and
o Jones Road to Waterson Way prior to 2030 (approx. 1.3 km).

Ideally, any 66 kV works in this section will be undertaken at the same time as the TMR road
upgrades to minimise costs for both parties however there is currently no approved funding for the
road upgrades or the Ergon 66 KV line works.

Considering trenching for 66 kV underground costs is in the order of $2M/km, the potential benefits
of a coordinated and aligned approach with TMR could result in significant savings which will be
considered in the options analysis of this planning report.

Attached is the proposed TMR line route under investigation.
60558302-5K-OA-03
-combined. pdf
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7. OPTIONS ANALYSIS

71. Base Case (BAU) with 66 kV Cable
Duplication/Replacement

7.1.1. Outcome
The total estimated DCV cost (2018/19) of the base case is $7.679M.

The BAU option is based upon:

¢ Replacing/duplicating the deteriorated and long repair time 66 kV cables (circa 1981) at
CANN and downstream Airlie Lagoon, Mandalay and airport runway crossing radial cables
(circa 1987). Geographic overview of existing and proposed CANN-JUPO cable route can
be seen in Appendix G;

e Substation REPEX based replacements as required;

o SCADA improvements to remotely enable 66 kV auto-reclose block at PROS and PRMI to
reduce operational resource demand and response times;

o Complete the 11 kV gas switch project that enables remote controlled transfer of Main St.
feeder (114) from PROS to KECE; and

¢ Planned and targeted REPEX defect maintenance of the CANN-01 pole top construction as

part of BAU line maintenance work. As the timber crossarms are progressively replaced
with vertical standoff post insulators, the historical outage rate of 7.2 outages per 100 km-
years should progressively improve to 5.1 outages per 100 km-years which is comparable
to the newer CANN-02 feeder that experiences 3.4 outages per 100 km-years. However,
this may take some time considering the length of the feeder. Inherent reliability of 3 -5
outages per 100 km-years will still be commensurate of an aging timber pole, no OHEW
line.

Installing standoff insulators in a vertical construction will typically require costly timber pole
replacement (i.e. going to a taller 17.0 m pole or inter-poling) to maintain ground and inter-circuit
clearances. The longer-term benefit is a 30 % reduction in outage rate with a commensurate
operational response benefit.

Notwithstanding the above works recommended under BAU, BAU as described is not
recommended as it still exposes the network to poor distribution feeder and customer reliability (i.e.
PRMI, JUPO and SHUT/MOROQ), high ongoing VCR costs, extended outage times to re-configure
the network and a high-risk environment operating the CANN 66 kV switches.

The major urban load centres and international/domestic tourist destinations are still being supplied
from single radial timber pole lines that have no OHEW and rely on lengthy manual switching to
restore supply. Even though MAIFI (i.e. Momentary Average Interruption Frequency Index) is not
an MSS measure, it should be noted that supply from a radial 66 kV feeder will be exposed to
momentary outages during successful recloses.

If no action is taken:
- Additional capital spend will be deferred;

- Afault on CANN-02 will still require manual switching to restore supply to CANN
customers. This will typically take 1-4 hours;

- Afault on CANN-01 will continue to cause an extended outage to JUPO customers and the
island customers downstream of MORO and SHUT. 4 MVA of transfer capability is present
for JUPO customers to be switched onto CANN via 11 kV switching. This is not sufficient to

Page 61
Ergon Energy Corporation Limited ABN 50 087 646 062
Energy Queensland Limited ABN 96 612 535 583
Energex Limited ABN 40 078 849 055



08
S b

energex

Planning Proposal

meet the current 5.4 MVA peak demand of JUPO customers. The JUPO shortfall would be
supplemented with mobile diesel generation;

- Ongoing poor network reliability with significant VCR cost and impacts to business
reputation and brand;

- Maintenance of the 66 kV bus tie isolator at CANN will continue to require an outage to the
CANN supply area due to insufficient working clearances;

- As the 66 kV manual transfer between CANN-01 to CANN-02 occurs in the CANN
substation on the quasi 66 kV bus and involves staff standing under the 66 kV isolator and
in close proximity to the porcelain cable termination (refer to Appendix A), field crews
recommend load transfers via the 11 kV or from a de-energised 66 kV due to safety
concerns. It should be noted that over the last 8 years, a downstream 66 kV cable
termination and lightning arrestor has failed with the latter failing explosively whilst
energising the 66 kV ABS two poles away. All the 66 kV lightning arrestors have since been
replaced, particularly as PD testing of CANN-02 cable identified discharges on the L/As;

- The incoming and outgoing CANN 66 kV feeder cables will still need to be replaced in the
future as part of a REPEX project. Testing on the recently faulted CANN-01 entry cable and
non-destructive testing of CANN-02 entry cable concluded that the chance of failure of the
other cables, which are of the same type and age, over the next few years is very high;

- The underground 66 kV feeder cable between Abell Point Marina (pole 4104853) and the
Airlie Foreshore (pole 6030159), Mandalay and airport runway crossing sections will need
to be duplicated via a REPEX or AUGEX project. Testing on the recently faulted CANN-01
entry cable, non-destructive testing of CANN-02 entry cable and anecdotal build evidence
concluded that the chance of failure of these cables, which are of the same type and similar
vintage, over the next few years is high;

- Transformer 66 kV ASEA HLC CBs will still need to be replaced as part of WR1217519;
and

- Transformer 66 kV CTs will still need to be replaced within the next eight years as part of a
REPEX project.
7.1.2. Scope
- Business as Usual (with 66 kV cable replacement)

7.1.3. Key Assumptions

- Outage frequency will not immediately improve as the REPEX work targets defect
remediation which will trigger the pole and pole top configuration replacement.

- Unexpected failure of other devices not mentioned in this scope has not been considered
as these have been rated with a ‘good’ condition by Asset Lifecycle Management.

- Theload demand of CANN, JUPO, MORO and SHUT does not unexpectedly increase
significantly above the forecasted growth.
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Replace TX Circuit Breakers (REPEX) (ABB)(Est: 000000172145) | $167k (2019/20)

7.1.4. Estimate Cost

Table 22 Non-Eliminated REPEX and OPEX Estimates
Assumed Costs H Estimated Cost

Replace TX CTs (REPEX) $300Kk (2026/27)

Replace Incoming CANN-02 Cable (AUGEX)(Safety Net)(under | $500k (2020/21)

Rd)

Replace Outgoing CANN-01 Cable (FIS)(across crk) $1,000k
OPEX — Ongoing Outage Response and Manual Switching $12.8k p.a.
Estimated VCR cost $2.116M p.a.

($1.765M when 66 kV
cables replaced)

7.1.5. Risks

Continued operation under a Business as Usual scenario without replacing the high risk 66 kV
cable sections pose a number of safety, customer, environment and business risks.

Public outrage, brand damage and political intervention due to frequent and extended
outages (i.e. present outage rate of CANN-01, manual restoration periods and long term
cable failure outages) to an international and domestic tourist destination that attracts
795,000 visitors annually;

o Along term radial cable fault (i.e. up to 4-6 months), could collectively cost between
$8-12M in Hamilton, Hayman and Daydream Island generation and plant operating
costs.

Failure to meet MSS (i.e. last 3 of 4 years):
o PRMI and JUPO ‘Urban’ ‘RED’ feeder status; and
o MORO ‘Short Rural’ ‘RED’ feeder status due to poor 66 kV performance;

Potential Safety Net breach due to fault finding, repair or replacement delays for 66 kV
cable faults or permanent water tree damaged cable between CANN and Shute Harbour;

o 66 kV cable is direct buried for the majority of the underground route sections;

o Extended outage resulting from a cable short term fault (up to 10-14 days for a
single point failure of unknown origin) or long term fault (up to 4-6 months for a
cable replacement);

Ongoing CANN-01 poor reliability with the entire community of up to 1,836 customers in a
tourism-based economy, including major island resorts, experiencing 2-6 hour outages 2-
4 times per year; and

Failure of 66 kV plant causing a single fatality of staff, contractors and/or the public (i.e.
operating plant in the quasi 66 kV bus enclosure).

It should be noted that:

o

Major excavations, bores and disruption would be required to install conduits along the
1.07 km Airlie Lagoon foreshore direct buried section potentially during peak season;

The cable could take 2 weeks to quote/approve purchase; and

The cable manufacturing/delivery lead time could be in the approx. 16 weeks using
standard sea freight.
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The replacement could take 4-6 months. Whilst air freight of the cable and other viable
alternatives (e.g. overhead bypass, pre-purchase sufficient spare 66 kV 630 Cu. XLPE cable
and accessories) would be investigated to minimise restoration, an extended outage is still
anticipated. This would form part of an interim management plan.

This option is not considered an acceptable option.
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7.2. Option A: 66 kV Switchyard Upgrade at Cannonvale
66/11 kV Substation and Duplication/Replacement of 66 kV
Cables (Recommended)

7.2.1. Outcome
The total estimated DCV cost (2018/19) of the scope of works covered by Option A is $16.68M.

This option installs a seven breaker 66 kV switchyard at CANN, comprised of two feeder breakers
in, two feeder breakers out (one spare initially), two transformer breakers and a bus tie breaker.

The 2™ outgoing 66 kV feeder between CANN and JUPO will not be installed for some time
particularly when the high-risk Airlie Lagoon 66 kV cable section is duplicated.

TMR are planning to upgrade the section of Shute Harbour road between Island Dr. and Waterson
Way over the next 12 years (refer Section 6) which is in direct conflict with the proposed 2™ feeder
route. This conflict presents a high risk of costly relocations and delayed approvals.

It is recommended that 66 kV conduits be installed during the proposed TMR roadworks which are
expected to occur in two stages over 12 years. The 2™ feeder between CANN and JUPO is a long
term network development strategy but not required immediately.

Notwithstanding the risk of a catastrophic water tree failure, this section is a radial cable which is
direct buried for the majority of the route. The 1.41 km route would take 4-6 months to replace in
an emergency pending council approval for the cable route and trench installation that may be
required during the peak holiday tourism season. An overhead bypass is highly unlikely.

Conduits are progressively being installed from JUPO to the Airlie Lagoon, however, the Airlie
Lagoon to Abell Paoint section is still mostly direct buried and has no spare conduits.

Similarly, the Mandalay and airport runway crossing 66 kV cable are mostly direct buried. An
airport cable overhead bypass is not possible due to flight path restrictions.

Whilst the islands (i.e. Hamilton, Hayman and Daydream) have standby generation (i.e. 9.0 MVA
via 6 sets, 5.9 MVA via 4 sets and 3.0 MVA via 3 sets) to manage submarine cable failures, the
cost to run generation based on summer average loads for a 4-6 month period could cost between
$8-$12M respectively. This does not include the cost to supply South Molle or the balance of 11 kV
load after transfers from JUPO/MORO to CANN.

Based on the CANN 66 kV cable tests (i.e. failed CANN-01 cable tests and non-destructive PD test
results of CANN-02), anecdotal cable purchase specification and direct buried install, the Airlie
Lagoon, Mandalay and airport 66 kV cables (circa 1987) are considered high-risk assets and
should be duplicated immediately.

The fully switched 66 kV bus arrangement at CANN will sectionalise the network and eliminate
outages to CANN, JUPO, SHUT and MORO for faults on the 26-27 km upstream sections of
CANN-01 and CANN-02 between PROS and CANN.

The subsequent reliability improvement to JUPO and MORO:

¢ Will allow permanent Airlie Beach load transfers from CANN to JUPO and commissioning
of new ‘Urban’ category MSS 11 kV feeders without becoming a ‘RED’ feeder immediately
upon commissioning (i.e. as is currently the case with the Port of Airlie 11 kV feeder); and

¢ Resolve the MORO Shute Harbour (108) 11 kV ‘RED’ SR feeder status.
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Reliability of supply to PRMI (i.e. 11 kV Main St. 11 kV ‘Urban’ MSS ‘RED’ feeder) which is still
exposed to inherent CANN-01 reliability will be managed by:

e Remote control gas switch operational management of the Main St. 11 kV feeder back to
Kelsey Ck (i.e. KECE) 11 kV Proserpine feeder (103);

e Upgrade SCADA at PROS and PRMI - allows operations to remotely disable 66 kV auto-
reclose and improve response times; and

e Longer term, BAU defects maintenance improvement of the 66 kV line (i.e. vertical standoff
insulator construction conversion) which should improve the outage rate from 7.2 to
5.1 outages per 100 km-years.

According to outage analysis these 66 kV feeders experience an outage rate of 3.8 outages per
100km-years (CANN-02) and 7.2 outages per 100km-years (CANN-01) and represent 76 % of
known faults (refer also to Table 12). Typical high reliability 66 kV line (i.e. SCCP c/w OHEW)
outage rates would be in the order of 1.3 to 2.5 outages per 100km-years but it is not practical or
cost effective to build a new 25 km SCCP c/w OHEW (at approximately $1M/km). Planned and
targeted REPEX defect maintenance of the CANN-01 pole top construction as part of BAU line
maintenance work will improve the outage rate from 7.2 outages per 100km-years to approximately
5.1 outages per 100km-years to be comparable with the outage rate on CANN-02.

The remaining incoming and outgoing 66 kV aged feeder cables at CANN substation will be
removed as part of the GIS/AIS build and at risk radial cable sections downstream of CANN (i.e.
Airlie Lagoon, Mandalay and airport) are recommended for duplication.

Figure 27 details the network configuration proposed by Option A. Additionally, the proposed
CANN substation layout with both GIS and AIS switchyard solutions is shown in Appendix D. The
proposed long term strategic 66 k\V CANN-JUPO 2™ and existing feeder routes are detailed in
Appendix G.

To T220
Collinsville Nth

T33 Proserpine
132/66kV

2 x SOMVA

/]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, pe OH Bypass to allow GIS maintenance Skms
T RS REREE before CANN-JUPO duplication is

Proserpine Mill |

Figure 27 66 kV Network Diagram for Option A
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7.2.2. Scope
The full scope of works to be covered by Option A is as follows:
e PROS & PRMI 66 kV remote auto-reclose disable functionality;
¢ PRMI remote control 11 kV gas switch;

¢ Continuation of the BAU, REPEX defects replacement of CANN-01 timber crossarm with
17.0 m poles or inter-poling and horizontal standoff post insulator constructions (this is
reactive, defect driven improvement);

e CANN Substation:

o 7 bay switchgear (1 future spare), installed either indoor in the new building (if GIS)
or outdoor,;

o Gain approvals for the CANN-01 66 kV bypass to remain permanent and install a
N/O bypass to enable maintenance of the CANN to JUPO 66 kV feeder C/B;

o Separate control-room containing:
e 66 kV panels;
e AC changeover;
o DC batteries, charger and distribution; and
e Space for future 11kV panels, TX panels & comms;
o 2x315kVA House TXs;
o New DC system with dual strings;
o Decommission and remove redundant transformer HV switchgear;
e CTs, VTs, Isolators;

o Decommission and remove redundant HV bus/enclosure with 66 kV ABSs and
terminations;

o Driveway and transformer access set down area to be established around the
south-west side of the existing building;

o 66 kV Cables:
o CANN-01 exit cable already replaced (as part of WR1254348);

e Incoming CANN-02 under bore Shute Harbour Rd from existing cable term
pole with spare conduits for 11 kV and future 66 kV (possible alternate 2™
JUPO feeder route);

e Cable to existing Transformer 1,

o Replace existing outgoing Jubilee Pocket 66 kV exit feeder — open trench,
suspended or under-bore across creek and Island Drive.

e Cable to existing Transformer 2; and
o Recover old cables as far as practical.
e 66 kV CANN - future strategic JUPO Feeder Duplication (not required initially):

o Construct an additional 66 kV feeder from CANN — JUPO. Utilise existing conduit
from the Abell Point term pole (pole 4104853) through to JUPO and proposed cable
duplication as part of the Airlie Lagoon conduit/cable;

o The overhead section from CANN to Abell Point term pole will be difficult to
duplicate due to limited space and the difficult terrain to construct the required poles
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on. Works will be reduced in coordination with planned TMR work and timeline to
duplicate/widen Shute Harbour Road which shares a path for a large portion of the
2" 66 kV feeder from CANN to JUPO; and

o Fibre path provision for signalling along 2" CANN — JUPO feeder if required.

e Protection/Signalling:

o PROS to CANN (CANN-01): Differential Scheme — three ended with PRMI - single
comms between PROS and CANN, duplicate comms between PROS and PRMI;

o PROS to CANN (CANN-02): Distance scheme. No comms required;

o CANN to JUPO (Existing 66 kV Feeder): Distance scheme. No comms required;
and

o CANN to JUPO (New 66 kV Feeder): Distance scheme. No comms required.

e Allows for future RIOR substation to be constructed as a tee-sub from CANN-02.

7.2.3. Key Assumptions

- Requirement for RIOR construction isn’t until 2030/31. Significant uncertainty associated
with this assumption due to heavy dependence on population (and therefore load) growth in
the Cannonvale and Riordanvale regions.

- Unexpected failure of other devices not mentioned in this scope has not been considered
as these have been rated with a ‘good’ condition by Asset Lifecycle Management.

- 2" feeder from CANN to JUPO will initially be a staged conduit installation in conjunction
with the staged TMR works and the actual 66 kV feeder installed as demand at JUPO
exceeds Safety Net compliance.

7.2.4. Estimate Cost

Table 23 Non-Eliminated REPEX and OPEX Estimates

Assumed Costs Estimated Cost

Replace TX Circuit Breakers (REPEX) (ABB)(Est: 000000172145) | $167k (2019/20)
Replace TX CTs (REPEX) $300k (2026/27)
Replace 66 kV cables refer to Appendix D
OPEX — Ongoing Outage Response and Manual Switching (loss of | $0k p.a.

CANN-02 or CANN-01 response will be reduced significantly from
BAU)

Estimated VCR cost Proposed works result in
an expected VCR benefit
of $1.319M p.a. The
remaining VCR cost is,
therefore, $446k p.a.

7.2.5. Risks

- 66 kV cables at CANN fail before they are replaced as part of this project, therefore,
escalating costs due to emergency instead of planned replacement;

- RIOR being required earlier than projected due to unexpected load growth. This will
decrease the NPV of this option and reduce its desirability amongst other proposed works
options;

- There are potential cost savings to be made with the installation of an OH 66 kV line from
CANN and Abell Point by undertaking this work when TMR are performing upgrades on
Shute Harbour Road; and

Page 68

Ergon Energy Corporation Limited ABN 50 087 646 062
Energy Queensland Limited ABN 96 612 535 583
Energex Limited ABN 40 078 849 055



......

energex

Planning Proposal

- The risk of failure of the UG sections of 66 kV feeder between JUPO and MORO+SHUT
(Section B and Section C in Figure 23) will be part of a risk management plan which will
likely entail duplication of these sections.

7.2.6. Comparison of GIS vs AIS Switchyard Implementation

Both an outdoor AIS and an indoor GIS solution are technically viable implementations of the
proposed 66 kV switchyard. A comparison of these options is therefore presented in Table 24.

Table 24 Comparison of AIS and GIS 66 kV Switchyard Designs

AIS GIS
+ Cleaner looking design with less visual
impact in a dense domestic area close to
residential homes
+ Smaller footprint and relocation of
underground sewage pipe not required
+ Allows access to transformers for future
replacement due to a smaller footprint

+ Cheaper material and installation cost

Pros (estimated to be $1M)

- Required relocation of underground
sewage pipe (estimated cost of $1M)

- Larger footprint

Cons | - Increased fault frequency due to outdoor
arrangement

- Higher visual impact in a dense domestic
area close to residential homes

- Higher material and installation cost
(estimated to be $2M)

From a purely NPV perspective, the AIS design is comparable to the 20-year NPV of the GIS
design. Therefore due to the advantages identified, a GIS design is recommended.
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7.3. Option B: Construction of Dedicated 66 kV Feeder from
Proserpine 132/66/11 kV Substation to Proserpine Mill
66/11 kV Substation and Duplication/Replacement of 66 kV
Cables

7.3.1. Outcome
The total estimated DCV cost (2018/19) of Option B is $17.61M.

7.3.2. Scope

Option B involves removing PRMI off the CANN-01 feeder and supplying this substation via a hew
66 kV overhead feeder from new feeder bay at PROS.

The option assumes reuse of an existing part of the feeder between the tee-off and PRMI. A 2™
66 kV feeder from CANN to JUPO will be added. The final configuration will have two 66 kV
feeders from PROS to JUPO each teed to a transformer at CANN with the 11 kV bus section c/b
closed. The existing outdoor switchgear is retained to allow a safe isolation and access to the teed
Transformer 2 bay (CANN-01 feeder). To allow for safe isolation and access to Transformer 1 bay
either additional outdoor switchgear is required, or a combination of earth switch/isolator/earth
switch which replaces the existing cable termination structure inside the bay. The installation of
replacement 66 kV cables (i.e. from existing outdoor switchyard to Transformer 2) introduces
challenges with respect to adequate clearance for terminations. Planned and targeted REPEX
defect maintenance of the CANN-01 pole top construction as part of BAU line maintenance work
will improve the outage rate from 7.2 outages per 100km-years to approximately 5.1 outages per
100 km-years to be comparable with the outage rate on CANN-02.

This option requires installation of the 2" CANN — JUPO 66 kV feeder. This is outlined in the
network diagram shown in Figure 28. Appendix G details the proposed 66 kV CANN — JUPO
feeder routes. The proposed 66 kV feeder route from PROS — PRMI can be seen in Appendix E.

o cacie sec o sy momren
| Jubilee Pocket
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1 CANND1
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VA (3434 ;
ANN-D
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Collinsville Nth

CANN-3Z
28,5%m ICDINE @ 75G
S0 45.0MVA (3334)
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Mt Rooper 86/11kV
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11kv

22kv

i New 680/ feeder approx 4500m win
| easemerss vemnes i arstenge
Shutehaven 66/22kV

Proserpine Mill
611KV
1 X 12.5MVA

Figure 28 66 kV Network Diagram for Option B
The full scope of works for Option B is as follows:
e PROS & PRMI 66 kV remote auto-reclose disable functionality;

¢ Ongoing REPEX defects replacement of CANN-01 timber crossarm with 17.0 m poles or
inter-poling and horizontal standoff post insulator constructions;

¢ PROS Substation:

o New 66 kV feeder bay at PROS with primary plant and secondary systems
(including control panels, etc.).
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¢ PRMI Substation:

o Required protection work due to direct connection to PROS. Will utilise a distance
scheme with duplicate comms channels; and

o PRMI remote control 11 kV gas switch.
e 66 kV PROS — PRMI Feeder Construction:

o Construct new 66 kV feeder from PROS to existing CANN-01 feeder tee off to
PRMI. Reuse existing overhead line from CANN-01 feeder to tee off to PRMI;

o Acquire easements where required for sections of new feeder and sections of
existing tee section where required. Property group have been consulted to provide
advice on costs and timing (and associated risk); and

o Associated protection for new feeder and signalling scheme to include duplicate
comms between PROS and PRMI.

e CANN Substation:
o Switchgear:

= Replace cable support and terminations in Transformer 1 bay with GIS,
containing earth switch/isolator/earth switch. Similar to Toowoomba Central
(110 kV) transformer ended feeder arrangement;

= Existing outdoor switchyard will need to be retained (ISOL EA0529, EA0429
and E/S EA0457, EA0447);

=  Decommission and remove redundant transformer HV switchgear i.e. 66 kV
bus tie in transformer compounds; and

= Replace 2 x 66 kV CBs at CANN (REPEX) as per existing WR1217519.
o 66 kV Cables:
o CANN-01 exit cable already replaced (as part of WR1254348);

e Incoming CANN-02 under bore Shute Harbour Rd from existing cable term
pole with spare conduits for 11 kV and future 66 kV (possible alternate 2"
JUPO feeder route);

e Cable to existing Transformer 1,

¢ Replace existing outgoing Jubilee Pocket 66 kV exit feeder — open trench,
suspended or under-bore across creek and Island Drive;

e Cable to existing Transformer 2; and
e Recover old cables as far as practical.
e 66 kV CANN —JUPO 2™ Feeder:

o Construct an additional 66 kV feeder from CANN — JUPO. Utilise existing conduit
from the Abell Point term pole (pole 4104853) through to JUPO, reducing the risk of
exposure to Safety Net requirements;

o The overhead section from CANN to Abell Point term pole will be difficult to
duplicate due to limited space and the difficult terrain to construct the required poles
on. This can be reduced if coordinated with planned TMR work to duplicate/widen
Shute Harbour Road which shares a path with a large portion of this line;

o Fibre path provision for signalling along 2" CANN — JUPO feeder if required; and
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o If required, replace existing cable section (150 mm? Al) from pole 4104853 to
pole 6030159 (via Airlie Lagoon) utilising spare set of conduits currently existing or
added during installation of the 2™ new feeder.

Protection/Signalling:

o PROS to CANN to JUPO (CANN-01 + Existing Feeder): Differential Scheme — three
ended. Single comms between PROS, CANN and JUPO,;

o PROS to CANN to JUPO (CANN-02 + New Feeder): Differential Scheme — three
ended. Single comms between PROS, CANN and JUPO;

o CANN to JUPO requires single OTP (fibre) installed. Assume for estimation OTP
utilising shortest 66kV route - i.e. 50% ADSS (overhead), 50% installed in
existing/new comms conduits; and

o PROS to PRMI (New 66 kV Feeder): Distance Scheme. Duplicate comms channels
required.

Allows for future RIOR substation to be constructed.

7.3.3. Key Assumptions

Requirement for RIOR construction isn’t until 2030/31. Significant uncertainty associated
with this assumption due to heavy dependence on population (and therefore load) growth in
the Cannonvale and Riordanvale regions;

Unexpected failure of other devices not mentioned in this scope has not been considered
as these have been rated with a ‘good’ condition by Asset Lifecycle Management;

The load demand of CANN, JUPO, MORO and SHUT does not unexpectedly increase
significantly above the forecasted growth;

Duplication of 66 kV feeder between CANN substation and Abell Point Marina is possible
regardless of the planned TMR road upgrades. The cost of this work may increase as a
result of this;

Required easements can be acquired to allow the construction of the dedicated PROS-
PRMI 66 kV feeder; and

There is sufficient room at PROS to extend the 66 kV bus to allow for the new feeder bay.
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Replace TX Circuit Breakers (REPEX) (ABB)(Est: 000000172145) | $167k (2019/20)

7.3.4. Estimate Cost

Table 25 Non-Eliminated REPEX and OPEX Estimates
Assumed Costs H Estimated Cost

Replace TX CTs (REPEX) $300Kk (2026/27)

Replace 66 kV cables refer to Appendix E

OPEX - Ongoing Outage Response and Manual Switching (loss of | $0k p.a.
CANN-02 or CANN-01 response will be reduced significantly from

BAU)

Estimated VCR cost Proposed works result in

an expected VCR benefit
of $1.319M p.a. The
remaining VCR cost is,
therefore, $446k p.a.

7.3.5. Risks

66 kV cables at CANN fail before they are replaced as part of this project, therefore,
escalating costs due to emergency instead of planned replacement;

RIOR being required earlier than projected due to unexpected load growth. This will
decrease the NPV of this option and reduce its desirability amongst other proposed works
options;

The section of OH 66 kV line from CANN substation to Abell Point Marina at pole 4104853
is of relatively difficult terrain which may result in an escalated cost compared to that quoted
in this estimate;

There are potential cost savings to be made with the installation of underground conduits
between CANN and Abell Point by undertaking this work when TMR are performing
upgrades on Shute Harbour Road;

The risk of failure of the UG sections of 66 kV feeder between JUPO and MORO+SHUT
(Section B and Section C in Figure 23) will be as part of a risk management plan which will
likely entail duplication of these sections;

Required easements for PROS-PRMI construction cannot be acquired; and

A 66 kV feeder bay cannot be constructed at PROS due to insufficient space or the cost of
construction is unexpectedly escalated.

Page 73

Ergon Energy Corporation Limited ABN 50 087 646 062
Energy Queensland Limited ABN 96 612 535 583
Energex Limited ABN 40 078 849 055



CIN NN
TR :/)
W/

- energex

Planning Proposal

7.4. Option C: Construction of 66 kV Switchyard at Future
Riordanvale 66/11 kV Substation Site and
Duplication/Replacement of 66 kV Cables

7.4.1. Outcome
The total estimated DCV cost (2018/19) of Option C is $22.11M.

7.4.2. Scope

Option C considers a new switching station at existing Riordanvale (RIOR) site. Cable REPEX
replacement work at CANN and the duplication of the 66 kV at risk cables between CANN and
JUPO will still be undertaken. Existing CANN-01 and CANN-02 feeders are assumed to be split
adjacent to the Riordanvale site with exit cables in to and out of the new switching station. The
location of the future RIOR substation is shown in Figure 29. Indicated feeder locations are a rough
guide only and will be dependent on obtained easements.

.

By nl:.
k4
Ry

RIOR 66 kV
PROS-RIOR (CANN-02) Switchyard
RIOR-CANN {CANN-02) =

A58 FROS-RIOR (CANN-01)
RIOR-CANN {CANN-01)

This option still proceeds with the installation of the CANN — JUPO 2" feeder conduits along parts
of the Shute Harbour Road reserve (in conjunction with TMR and their timing) between CANN and
Abell Point.

The final configuration (RIOR to JUPO) is of two feeders from RIOR, each teed to a transformer at
Cannonvale substation. The existing outdoor switchgear at CANN is retained to allow a safe
isolation and access to the teed Transformer 2 bay (CANN-01 feeder). Planned and targeted
REPEX defect maintenance of the CANN-01 pole top construction as part of BAU line
maintenance work will improve the outage rate from 7.2 outages per 100km-years to approximately
5.1 outages per 100km-years to be comparable with the outage rate on CANN-02.

To allow for safe isolation and access to Transformer 1 bay either additional outdoor switchgear is
required, or a combination of earth switch/isolator/earth switch which replaces the existing cable
termination structure inside the bay. The installation of replacement 66 kV cables i.e. from existing
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outdoor switchyard to Transformer 2 introduces challenges with respect to adequate clearance for
terminations. The requirement for manual switching of the isolator at EA0429 is still required to
restore supply to CANN if a fault occurs on the section of CANN-02 between RIOR and CANN
which will result in a longer outage for CANN customers. This will reduce the VCR benefits
achieved by this solution, however, this will be resolved as part of the cable replacements.

The requirement for manual switching of the isolator at EA0429 is still required to restore supply to
the CANN TX if a fault occurs on the cable section from CANN-01 to the TX which will result in a
longer outage restoration for JUPO to Shute Harbour customers. Given this 66 kV cable will be a
new 66 kV XLPE cable section, the probability of failure will be low from a VCR perspective and
manageable if the external bypass is retained.

This option is outlined in the network diagram shown in Figure 30. Appendix G details the
proposed 66 kV CANN — JUPO feeder routes.
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Figure 30 66 kV Network Diagram for Option C
The complete scope of works for Option C is as detailed below:
¢ PRMI remote control 11 kV gas switch;
e PROS & PRMI 66 kV remote auto-reclose disable functionality;

e Ongoing REPEX defects replacement of CANN-01 timber crossarm with 17.0 m poles or
inter-poling and horizontal standoff post insulator constructions;

¢ PROS Substation:

o New 66 kV feeder bay at PROS with primary plant and secondary systems
(including control panels, etc.).

¢ RIOR Substation:

o Construct new 66 kV switching station with in-feeds from CANN-01 and CANN-02
and two out-feeds to CANN:

= 6 bay switchgear (1 spare for future RIOR T3-10);
= Separate control room containing:
e 66 kV panels;
e AC changeover;
e DC batteries, charger and distribution; and
e Comms/control.
= 2 x315kVA House TXs;
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= New DC system with dual strings; and
» 66 kV cables/overhead/terminations at RIOR.
o Design with the future intention for RIOR to connect a skid/zone T3-10 substation.
e CANN Substation:
o Switchgear:

= Replace cable support and terminations in Transformer 1 bay with GIS,
containing earth switch/isolator/earth switch. Similar to Toowoomba Central
(110 kV) transformer ended feeder arrangement;

= EXxisting outdoor switchyard will need to be retained (ISOL EA0529, EA0429
and E/S EA0457, EA0447);

=  Decommission and remove redundant transformer HV switchgear i.e. 66 kV
bus tie in transformer compounds; and

= Replace 2 x 66 kV CBs at CANN (REPEX) as per existing WR1217519.
o 66 kV Cables:
= CANN-01 exit cable already replaced (as part of WR1254348);

= |ncoming CANN-02 under bore Shute Harbour Rd from existing cable term
pole with spare conduits for 11 kV and future 66 kV (possible alternate 2™
JUPO feeder route);

= Cable to existing Transformer 1;

= Replace existing outgoing Jubilee Pocket 66 kV exit feeder — open trench,
suspended or under-bore across creek and Island Drive;

= Cable to existing Transformer 2; and
= Recover old cables as far as practical.
e 66 kV CANN - future strategic JUPO Feeder Duplication (not required initially):

o Construct an additional 66 kV feeder from CANN — JUPO. Utilise existing conduit
from the Abell Point term pole (pole 4104853) through to JUPO and proposed cable
duplication as part of the Airlie Lagoon conduit/cable;

o The overhead section from CANN to Abell Point term pole will be difficult to
duplicate due to limited space and the difficult terrain to construct the required poles
on. Works will be reduced when coordinated with planned TMR work and timeline to
duplicate/widen Shute Harbour Road which shares a path for a large portion of the
2"° 66 kV feeder from CANN to JUPO; and

o Fibre path provision for signalling along 2" CANN — JUPO feeder if required;
e 66 kV PROS — RIOR and RIOR — CANN Feeder Construction:

o Construct 66 kV lines to RIOR off from CANN-01 and CANN-02. Will need to
acquire the required easements (some sections already acquired).

e Protection/Signalling:

o PROS to RIOR (CANN-01): Differential Scheme — three ended with PRMI. Single
comms channel between PROS and RIOR, however, duplicate comms channel
required for PROS — PRMI;

o PROS to RIOR (CANN-02): Distance Scheme. No comms required;

o RIOR to CANN to JUPO (CANN-01 + Existing CANN — JUPO Feeder): Distance
Scheme. No comms required; and
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Replace TX Circuit Breakers (REPEX) (ABB)(Est: 000000172145) | $167k (2019/20)

o RIOR to CANN to JUPO (CANN-02 + New CANN — JUPO Feeder): Distance
Scheme. No comms required.

Allows for future RIOR T3-10 substation to be finished construction at a later date when
required. The 66 kV switchyard and feeders will already have been constructed as part of
this scope.

7.4.3. Key Assumptions

Requirement for RIOR construction isn’t until 2030/31. Significant uncertainty associated
with this assumption due to heavy dependence on population (and therefore load) growth in
the Cannonvale and Riordanvale regions;

Unexpected failure of other devices not mentioned in this scope has not been considered
as these have been rated with a ‘good’ condition by Asset Lifecycle Management;

The load demand of CANN, JUPO, MORO and SHUT does not unexpectedly increase
significantly above the forecasted growth;

2" feeder from CANN to JUPO will initially be a staged conduit installation in conjunction
with the staged TMR works and the actual 66 kV feeder installed as demand at JUPO
exceeds Safety Net compliance; and

Easements can be acquired to allow construction of 66 kV incoming and outgoing cables
to/from CANN-01 and CANN-02. Easements have already been obtained for some sections
of the required routes and discussions are underway with the landowner to obtain
remaining easements.

7.4.4. Estimate Cost

Table 26 Non-Eliminated REPEX and OPEX Estimates
Assumed Costs H Estimated Cost

Replace TX CTs (REPEX) $300k (2026/27)

Replace 66 kV cables refer to Appendix F

OPEX — Ongoing Outage Response and Manual Switching (loss of | $0k p.a.
CANN-02 or CANN-01 response will be reduced significantly from

BAU)

Estimated VCR cost Proposed works result in
an expected VCR benefit
of $1.319M p.a. The
remaining VCR cost is,
therefore, $446k p.a.
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7.4.5. Risks

66 kV cables at CANN fail before they are replaced as part of this project, therefore,
escalating costs due to emergency instead of planned replacement;

RIOR being required earlier than projected due to unexpected load growth. This will
decrease the NPV of this option but the decrease will be less than other options due to the
66 kV switching yard having already been constructed;

There are potential cost savings to be made with the installation of underground conduits
between CANN and Abell Point by undertaking this work when TMR are performing
upgrades on Shute Harbour Road; and

The risk of failure of the UG sections of 66 kV feeder between JUPO and MORO+SHUT
(Section B and Section C in Figure 23) will be part of a risk management plan which will
likely entail duplication of these sections.
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7.5. Non-Network Alternatives

Energy Queensland is committed to the implementation of Non-Network Solutions to reduce the
scope or need for traditional network investments. Our approach to Demand Management is listed
in Chapter 7 of our Distribution Annual Planning Report but involves early market engagement
around emerging constraints as well as effective use of existing mechanisms such as the Demand
Side Engagement Strategy and Regulatory Investment Test for Distribution (RiT-D). We see that
the increasing penetration and improving functionality of customer energy technology, such as
embedded generation, Battery Storage Systems and Energy Management Systems, have the
potential to present a range of new non-network options into the future.

The primary investment driver for this project is AUGEX, supporting customer growth and network
security. A successful Non-Network Solution may be able to assist in reducing the scope or timing
for this project. As the cost of options considered as part of this report is greater than $6M this
investment will be subject to RiT-D as a mechanism for customer and market engagement on
solutions to explore further opportunities.

The customer base in the study area is predominantly residential and tourism and has a medium
opportunity to reduce demand or provide economic non-network solutions. There is potential for
future load growth resulting from new customer connections in this area if significant economic
and/or population growth is experienced.

Non-network alternatives are already in place in the Cannonvale/Airlie Beach region as part of the
OIP Cannonvale program. OIP Cannonvale is the delivery of a demand management program
during the identified peak load time of 12pm-8pm. The aim of this program is to reduce the load on
the Paluma Road, Abel Road and Cannonvale 11 kV feeders from Cannonvale substation and the
Foxdale, Strathdickie and Crystal Brook feeders 11 kV from Kelsey Creek substation. This program
will allow investment in the new Riordanvale substation to be delayed until a more opportune and
economic time.

Expenditure for the proposed project has been modelled as CAPEX and included in the forecast
for the current regulatory control period. Funding of any successfully identified NNA solutions will
be treated as an efficient OPEX/CAPEX trade-off, consistent with existing regulatory
arrangements.
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8. PROJECT DEPENDENCIES

WR1217519:

The two existing transformer 66 kV circuit breakers at CANN are ASEA HLC type CBs which have
a known explosive failure mode and are part of a network-wide replacement program. These units
will no longer need to be replaced as the recommended works will remove this need.

WR1254348:

66 kV Feeder 119 CANN-01 incoming cable at CANN sustained an unassisted failure in
March 2017 and a temporary overhead bypass arrangement is currently in place. WR1254348 was
completed in November 2018. The recommended works would absorb any future cable
replacement projects at CANN with the replacement of all incoming and outgoing 66kV cables,

/ creating corresponding project efficiency gains.

Table 27 Project Dependencies Affecting Future Proposed Work

Required by
Date

WR1217519 ARP CBRM MK CANN Replace 2 66 kV CBs Bundled

Project Project Description

WR1254348 CANN Cannonvale #1 66 kV Cable Replacement Completed

Pending Scope
WR1363511 MK CANN Cann No 2 66kV Cable Replacement of Works from

WR1274424
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9. FINANCIAL ANALYSIS SUMMARY

Table 28 NPV of Options with Forecast VCR ($1.765M Baseline)

S Millions Base Case Option A Option B Option C
Capex (7.75) (13.45) (14.18) (16.25)
Opex (0.17) 0.00 0.00 0.00
Direct Benefits 0.00 0.00 0.00 0.00
Commercial NPV D (792) | (13.45) (14.18) (16.25)
Ranking 1 2 3 4
Indirect/Risk 0.00 14.35 14.35 14.35
Commercial + Risk (792) | 0981 017 (1.90)
Ranking 4 1 2 3
Discounted Cash Flow (Direct Benefits Only)

SDDm T T T T T T T T T T T T
-$5.0m -

s Base Case
_5100m b \ Option A
$15.0m - . Option B

Q
Option C

$20.0m -
-$25.0m -

Figure 31 Discounted Cash Flow (Direct Benefits Only) for all Assessed Options (VCR not included)
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Discounted Cash Flow (with Indirect Benefits)
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Figure 32 Discounted Cash Flow (with Indirect Benefits) for all Assessed Options (VCR included)

Table 29 NPV of Options with Forecast Low VCR ($1.058M Baseline)

S Millions Base Case Option A Option B Option C
Capex (7.75) (13.45) (14.18) (15.34)
Opex (0.17) 0.00 0.00 0.00
Direct Benefits 0.00 0.00 0.00 0.00
Commercial NPV (7.92) (13.45) (14.18) (15.34)
Ranking 1 2 3 4
Indirect/Risk 0.00 9.09 9.09 9.09
Commercial + Risk (7.92) (4.36) (5.09) (6.25)
Ranking 4 1 2 3

A reduced VCR customer economic sensitivity cost analysis was undertaken to review the impact
upon options.

Whilst it is anticipated that improvements (i.e. CANN-01 pole top conversion and SCADA
automation at PROS/PRMI, 66 kV XLPE cable replacements/duplications, etc.) will improve
reliability and VCR, the sensitivity analysis does not change the recommendation.

Option A remains the preferred NPV solution.

A detailed breakdown of the estimate for each option along with the NPV of each option under
forecast normal and low VCR scenarios can be found in the following spreadsheets:

CANN WR1274424 WR1274424
BAU_A_B C_Final_1z Cannonvale 66 kV Pla Cannonvale 66 kV Pla
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10. OPTIONS COMPARISON SUMMARY

Business as Usual which includes
e Replacement of CANN 66 kV cables;
e Duplicated radial 66 kV XLPE cable sections at Airlie Lagoon, Mandalay
and the airport;

Base Case
(refer
Appendix C)

Ongoing REPEX aligned defects conversion of CANN-01 66 kV pole top
to horizontal standoff post insulators;

Staged development (i.e. initially conduits) of the 2™ feeder from CANN
to JUPO in co-ordination with TMR timelines; and

RIOR in 2030/31 as simple T3-10 hard 66 kV tee.

Not an acceptable solution due to Safety Net concerns, poor reliability and VCR
drivers.

Recommended:

Option A
(refer
Appendix D)

Option B
(refer
Appendix E)

Option C
(refer
Appendix F)

Install a 7-Breaker 66 kV GIS at CANN;

Replacement of existing UG sections at CANN as part of 66 kV
switchyard works;

Duplicated radial 66 kV XLPE cable sections at Airlie Lagoon, Mandalay
and the airport;

Ongoing REPEX aligned defects conversion of CANN-01 66 kV pole top
to horizontal standoff post insulators;

Staged development (i.e. initially conduits) of the 2" feeder from CANN
to JUPO in co-ordination with TMR timelines; and

RIOR in 2030/31 as simple T3-10 hard 66 kV tee.

Construction of Dedicated 66 kV Feeder from Proserpine 132/66/11 kV
Substation to Proserpine Mill 66/11 kV Substation;

Replacement of CANN 66 kV cables;

Duplicated radial 66 kV XLPE cable sections at Airlie Lagoon, Mandalay
and the airport;

Ongoing REPEX aligned defects conversion of CANN-01 66 kV pole top
to horizontal standoff post insulators;

2" 66 kV feeder from CANN to JUPO established by 2022/23; and
RIOR in 2030/31 as switched 66 kV and T3-10 substation.

Construct 66 kV switching station at future RIOR site;

Replacement of CANN 66 kV cables;

Duplicated radial 66 kV XLPE cable sections at Airlie Lagoon, Mandalay
and the airport;

Ongoing REPEX aligned defects conversion of CANN-01 66 kV pole top
to horizontal standoff post insulators;

Staged development (i.e. initially conduits) of the 2™ feeder from CANN

to JUPO in co-ordination with TMR timelines; and

RIOR in 2030/31 as simple T3-10 hard 66 kV tee.
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Base Case

Safety

Economics

Resources

Utilisation

Other

Advantage

Disadvantage

Option A

Advantage

CANN: Quasi Resolves CANN
66 kV bus quasi 66 kV bus
switching switching

Disadvantage

Option B

Advantage

Disadvantage

R 7
N/ /4

energex

Option C

Advantage

Disadvantage

Lowest upfront
capital cost

Estimated VCR
cost of
$2.116M/year

Best NPV with
VCR, 2™ pest NPV
excl. VCR

Allows for staging
of the CANN-JUPO

Reduces VCR
impacts in line

Does not allow
staging of CANN-
JUPO 2" 66 kV
feeder and will
likely incur extra

Reduces VCR
impacts equal
with Option A

Allows for staging
of the CANN-

Highest upfront
capital cost and

Best NPV excl. Slgn_lflcant 2" 66 KV feeder - with Option A costs due to TMR JUPO 2™ 66 KV worst NPV
VCR reputational and I - ¢ I
brand damage allows co- co-ordlr_1at|on eedgr - allows
ordination with conflicts co-ordination with
TMR project TMR project
Simplified 66 kV
Use normal Major outage network Major CAPEX Major CAPEX
resources for response & resource (design resources
routine restoration Reduced 66 kV SI9 (greenfield design
. f & construction) ;
maintenance impacts response & and construction)
restoration impacts
Does not develop
the Airlie Beach Potentiall
region in line with Brinas the Airlie Reduces Brings the Airlie develops asgets
strategic plan Begch reqion utilisation of 66 kV Beach region at IE)QIOR
. closer to thegfuture network with 3 closer to thg unnecessarily if
JUPO capacity . 66 kV feeders future strategic .
: strategic plan load growth is not
constrained due from PROS plan experienced
to 11 KV ‘RED’ P
feeders
Significant Develops access to
business impact CANN .
and cost for island transformers for Requires RIOR to Allows RIOR to
Improved be developed as

customers due to
extended outage

future replacement

Allows RIOR to be

reliability for PRMI
due to dedicated
(shorter) 66 kV

a switched in/out
66 kV tee sub

be developed as
a skid substation
with single 66 kV

PoorMSS11kv | developedasa feeder PRMI 66 KV line tee (most
reliability (i.e. skid substation with route approvals economic)
‘RED’ status single 66 kV tee pp

feeders) (most economic)
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11. CONCLUSION

This Planning Report seeks to present the cost-benefit analysis of feasible options to manage
customer reliability, Safety Net and deteriorated/at risk 66 kV XLPE cable assets from CANN to
Shute Harbour whilst strategically developing the 66 kV sub-transmission and distribution network
in the area.

Option A is the recommended Cannonvale and Jubilee Pocket 66 kV reinforcement solution that
will provide the following benefits:

¢ Manage reliability performance (i.e. MSS ‘RED’ feeders and VCR); political and public
reputation risk and Safety Net compliance of the network;

¢ Undertake replacement of the deteriorated 66 kV XLPE cables at CANN and
duplication/management of the suspect and radial 66 kV XLPE cables (i.e. Airlie Lagoon,
Mandalay and airport runway crossing) from CANN to Shute Harbour;

e Stage the installation of conduits for the 2" 66 kV feeder between CANN and JUPO,
closely coordinating with Transport and Main Roads during the Shute Harbour Road
development;

e Support ongoing defects remediation under REPEX to convert the lower reliability CANN-
01 66 kV timber pole, timber crossarm construction to the higher reliability horizontal
standoff or trident urban post insulator construction; and

o Enable future development of RIOR as a single 66 kV T3-10 substation and simple 66 kV
tee.

The recommended Option A proposes a fully switched 66 kV yard at CANN including replacement
of the 66 kV cables around CANN, duplication and management of the radial 66 kV cables to
Shute Harbour (i.e. Airlie Lagoon, Mandalay hill slope and airport runway crossing sections), Shute
Harbour Road conduit installation in coordination with TMR for the 2" 66 kV feeder to JUPO,
ongoing defects remediation strategies and strategic development of the future RIOR substation
(refer to Appendix D).

The total estimated direct cost for Option A:
* Has a 20-year NPV excluding VCR of $13.45M;
= NPV including VCR: $0.91M (the indirect VCR benefit considered as the nett saving from
the baseline); and
= CAPEX to 2024/25 in the 2020-2025 regulatory period: $16.684M including:
o PROS & PRMI 66 kV remote SCADA auto-reclose disable functionality;

o PRMI remote control 11 kV Noja recloser and gas switch operation to enable
remote PRMI 11 kV transfer of the PRMI Main Street 11 kV feeder to Kelsey Creek
substation (i.e. KECE) Proserpine 11 kV feeder;

o Ongoing REPEX defects replacement of the CANN-01 timber crossarm design with
17.0m poles or inter-poling if required, and horizontal standoff post insulator or in-
situ trident urban constructions;

o CANN Substation:

= 7 bay switchgear (1 future spare), installed as either GIS or AIS which are
cost comparative;

= Gain permanent approvals for the CANN-01 66 kV bypass and install a N/O
bypass to enable maintenance of the CANN to JUPO 66 kV feeder C/B;
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= Separate control-room containing:
e 66 kV panels and auxiliary equipment; and

e Space for future 11 kV to enable a full Z6-32, 11 kV switchboard to
supplement the existing fully committed 11 kV switch room;

= Decommission and remove redundant transformer HV switchgear;

=  Decommission and remove redundant HV bus/enclosure with 66 kV ABSs
and terminations;

= Driveway and transformer access set down area to be established around
south-west side of the existing building; and

= Replace deteriorated 66 kV XLPE cables and recover old cables as far as
practical.

Radial 66 kV XLPE cable duplication of the Airlie Lagoon, Mandalay hill slope and
airport runway crossing sections;

Future strategic and staged development of the 2™ 66 kV feeder from CANN to
JUPO:

= 66 kV conduit installation works co-ordinated with proposed TMR road
widening work (initially between Island Drive to Jones Road — 2022 and
Jones Road to Waterson Way by 2031) of Shute Harbour Road; and

= Fibre path provision for signalling;
Protection/Signalling (PROS, PRMI and CANN 3 ended protection scheme); and

Consideration for a future RIOR T3-10 66/11 kV substation (i.e. post-2031) via
simple 66 kV tee off CANN-02.
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11.1. Summary of Need for Investment

There are a number of drivers for the recommended works which are detailed below:

1.

10.

The customer base of 7,198 premises including the major international and national
holiday destinations of Airlie Beach and Hamilton, Hayman and Daydream Islands are
supplied from low-reliability radial 66 kV timber pole (no overhead earthwire) sub-
transmission lines that inherently experience regular outages reflective of the 26-27 km
line route exposed to cane fires, high rainfall tropical conditions and a salt spray
exposed coastal environment;

Safety Net obligations to manage supply from the shared asset 66 kV radial cable
sections between CANN and Shute Harbour when the suspect XLPE cables are
duplicated. Strategically the ultimate fully developed load at JUPO will be in the order of
46 MVA, which under a CANN to JUPO 66 kV cable failure scenario will require
restoration of 20 MVA of load within 1 hour and 15 MVA within 6 hours. The time to
switch out the faulted cable section to the adjacent duplicate cable installed under this
project will not be achieved in 1 hour nor will 20 MVA of load be supplied from the
adjacent CANN 11 kV network, as such the justification to strategically develop a 2™
feeder between CANN and JUPO;

Over 3 of the last 4 years, over 50 % of the ‘Urban’ and ‘Short Rural’ MSS categorised
feeders supplied from the 66 kV network have experienced ‘Amber’ or ‘Red’ class
reliability which has constrained the augmentation of the Airlie Beach 11 kV network;

The Value of Customer Reliability (VCR) has been calculated using AEMO fact sheet
customer type VCR cost and premise count breakdown at $28/MWh. Over an 8-year
long term average assessment (excluding the recent 9 hour outage due to the CANN-
01 cable failure and cyclone events), the economic customer cost would be approx.
$1.765M annually;

As the 66 kV manual transfer between CANN-01 to CANN-02 occurs in the CANN
substation and involves staff standing under the 66 kV isolator and in close proximity to
the porcelain cable termination (refer to Appendix A), field crews recommend load
transfers via the 11 kV or from a de-energised 66 kV due to safety concerns;

Laboratory test results of the failed CANN-01 66 kV cable (circa 1981) at CANN exhibit
significant XLPE water tree degradation of the XLPE insulation- this cable has been
replaced in November 2018 at a DCV cost of $0.9M;

Non-destructive tests (Feb. 2018) of the CANN-02 feeder cable (circa 1981) at CANN
identified high levels of partial discharge;

The remaining three untested, radial and predominantly direct buried 66 kV cables (i.e.
Airlie Lagoon, Mandalay hill slope and airport runway crossing) are of the same early
vintage (circa 1987) 1* generation XLPE cables that anecdotally used the same build
specification and potentially the same manufacturer as the failed and recently tested
CANN cables. Whilst these cables are on the priority cable test list, they are planned for
duplication;

A 66 kV cable failure scenario would take up to 4-6 months to replace due to
manufacturing lead times and tourist centre type conduit installation delays. An outage
of 4 months would cost approx. $8M including the cost of fuel for diesel generation.
Under a short term radial 66 kV cable failure (locate and repair response time of 10-14
days), the cost for generation would be between $0.64-$0.89M for 14 days of operation;

CANN-01 is a 66 kV timber pole and crossarm, vertical post insulator no OHEW
designed sub-transmission feeder that was constructed in 1984. CANN-02 was
constructed in 2000 using timber poles but with horizontal post standoff insulator
design. Outage rate statistics and fault type analysis indicates that the timber crossarm
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is a major contributor to pole tope fires in both the cane fired and salt spray exposed
coastal area. As part of P1/P2/C3 defect remediation cycle, the 1984 constructed
CANN-01 design is being progressively converted to the more reliable CANN-02
design. Outage rates are expected to improve from 7.2 outages per 100km-years to
5.1 outages per 100km-years;

Co-ordinating the staging of the 2™ 66 kV feeder between CANN to JUPO is necessary
to avoid costly future design conflicts and relocations with Transport and Main Roads
(TMR) who are proposing a 2022 business case timeline completion (for the Island
Drive to Jones Road section) and by 2031 (for the Jones Road to Waterson Way
section) along Shute Harbour Road that the proposed 66 kV route shares a common
alignment with. Requiring the 2" 66 kV feeder in an earlier timeline will likely result in
TMR design and approval hurdles in addition to lost opportunity cost efficiencies
installing the conduits along a jointly agreed alignment; and

The cost optimisation and timing of the future RIOR 66/11 kV substation connection
requires consideration when developing the overall solution to the issues described.
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11.2. Summary of Feasible Options
Four main options have been explored in the planning report:
Base Case BAU (refer to Appendix C):

O

O

O

Replacement through aged asset replacement and RTS projects;
Replace deteriorated CANN (circa 1981) 66 kV XLPE cables;

Duplicate at risk Airlie Lagoon, Mandalay and airport runway crossing 66 kV XLPE
cables (circa 1987);

Continue REPEX pole top conversion strategy;
CANN to JUPO 2" feeder 66 kV conduit installation in conjunction with TMR;

Undertake PRMI and PROS SCADA remote control Noja 11 kV Main St. 11 kV
feeder transfers and remote 66 kV auto-reclose disablement at PROS; and

Continue outage and operational response.

Option A: CANN 66 KV GIS / AIS SWITCHING STN, (REPLACE AT RISK 66 kV CABLES)
(refer to Appendix D):

@)

Fully switched 66 kV bus at CANN, replace deteriorated CANN 66 kV XLPE cables
(circa 1981);

Duplicate at risk Airlie Lagoon, Mandalay and airport runway crossing 66 kV XLPE
cables (circa 1987);

Continue REPEX pole top conversion strategy;
CANN to JUPO 2" feeder 66 kV conduit installation in conjunction with TMR;

Undertake PRMI and PROS SCADA remote control Noja 11 kV Main St. 11 kV
feeder transfers and remote 66 kV auto-reclose disablement at PROS; and

Strategically enable protection to integrate a T3-10, single 66 kV tee at RIOR.

Option B: DEDICATED 66 kV PROS to PRMI, (REPLACE AT RISK 66 kV CABLES) (refer
to Appendix E):

O

e}

O

66 kV feeder bay at PROS;
66 kV feeder from PROS to PRMI;

Install CANN to JUPO 2™ feeder 66 kV cable and conduit installation which will not
align with TMR works program;

Undertake 3-way protection scheme (i.e. PROS, double tee to CANN and JUPO);
Replace deteriorated CANN (circa 1981) 66 kV XLPE cables;

Duplicate at risk Airlie Lagoon, Mandalay and airport runway crossing 66 kV XLPE
cables (circa 1987);

Continue REPEX pole top conversion strategy;

Undertake PRMI and PROS SCADA remote control Noja 11 kV Main St. 11 kV
feeder transfers and remote 66 kV auto-reclose disablement at PROS; and

Strategically enable protection to integrate T3-10, switched in/out 66 kV tee at
RIOR.
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Option C: RIOR 66 kV SWITCHING STATION (REPLACE AT RISK 66 kV CABLES) (refer
to Appendix F):

o

o

o

Fully switched 66 kV bus at RIOR;
Replace deteriorated CANN 66 kV XLPE cables (circa 1981);

Duplicate at risk Airlie Lagoon, Mandalay and airport crossing runway 66 kV XLPE
cables (circa 1987);

Continue REPEX pole top conversion strategy;
CANN to JUPO 2" feeder 66 kV conduit installation in conjunction with TMR,;

Undertake PRMI and PROS SCADA remote control Noja 11 kV Main St. 11 kV
feeder transfers and remote 66 kV auto-reclose disablement at PROS;

Continue existing switching and operation strategy which now applies from RIOR to
CANN/JUPO; and

Strategically enable protection to integrate T3-10, single 66 kV tee at RIOR.
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APPENDIX A: GENERAL NETWORK INFORMATION
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Figure A2: 66 kV Bus Tie Isolator ABS Operating Arm on the Other Side of Wall Adjacent that Cable

Termination (Working Clearance Issues)
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Figure A3 66 kV Feeder Tie (Failed CANN-01 Cable Out of Service — Droppers Removed)
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Figure A5 Control Room (No Spare Panel Space)
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Figure A7 11 kV Switchboard Transformer 1 Bus
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Figure A8 11 kV Switchboard Transformer 2 Bus
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Figure A9 Indoor GIS Berserker Substation
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Figure A12 South Toowoomba GIS Schematic
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Figure A13 CANN-01 Typical O/H Build — Vertical Post Insulators
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Figure A14 CANN-02 Typical O/H Build — Horizontal Post Stand-Off Insulators
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Figure A15 CANN-01 & CANN-02 Trident Build in Cnnonvale
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Figure A16 CANN-01 (JUPO to Shute Harbour) Typical Build
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APPENDIX B: VCR VALUE ANALYSIS

The Value of Customer Reliability calculated for this analysis is $28/kWh. This estimate is based
on the customer mix shown in Table B1 and the VCR values for different customer types shown in
Table B2 as published by AEMO in the following factsheet.

AEMO_FactSheet_Va
lueOfCustomerReliabi

Table B1 Airlie Beach Supply Region 2016/17 Customer Breakdown
Number of Domestic Commercial Industrial

Substation

Premises Premises Premises Premises
CANN | 5,504 4,573 0 930
JUPO | 1,515 1,335 0 180
MORO 78 55 0 22
0 0 0 0
114 42 0 72
7,211 6,005 0 1,204

Table B2 AEMO VCR Values for Different Customer Types
VCR ($/MWh)
Domestic $25.42 $25,420
Commercial $44.72 $44,720
Industrial $44.06 $44,060
$47.67 $47,670

(Domestic No.of Customers x VCR value) + (Industrial No.of Customers x VCR value)
Total number of Customers

VCR =

VCR =~ $28/kWh

VCR = (1204 x 44) + (6005 x 25)
B 7211

Note: the calc. is 2 customers short and immaterial.

CANN-01 & 02 66 kV network: Total Customers of 7211
e 6005 domestic customers;
e 1204 industrial/commercial customers; and
e $28/kWh.
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APPENDIX C: BAU — CONTINUE WORK AS REQUIRED (REPLACE AT RISK 66 KV CABLES)

BAU is not the recommended solution as the inherent reliability and VCR cost is not resolved. JUPO ‘Urban’ feeders will continue as ‘RED’ feeder
status from commissioning thus constraining the use of the JUPO asset to unload CANN. The high risk 66 kV cable sections have been replaced.

BAU:

Return to Process Page

CAPEX to the end of the AER period 2024/25: $7.679M (all costs are DCV);

Replace deteriorated CANN (circa 1981) and duplicate at risk Airlie Lagoon, Mandalay and airport 66 kV cables (circa 1987);
JUPO ‘Urban’ feeders inherently are ‘RED’ MSS feeders upon commissioning;
e Strategically enables RIOR as a T3-10, single transformer tee off the 66 kV.

Base Case

Non-Escalated DIRECT COSTS (DCV) to be used for all budget inputs

Asset Life

Description Assumptions [yrs) 2018/19 2019/20 2020421 2021/22 2022/23 2023/24 2024/25 2025/26
Capex
Replace TX Circuit Breakers (REPEX) [ABB)[Est: O00000172145) 50 167,057
Replace TX CTs (REFEX) ]
Replace 66 kV cable- CANN-01 toiso. WIP (2018} WIP [114m) 45
Replace 66 k¥ cable - CANN ‘CANN-01 to JUPO [150m lensth) 45 ‘900,000
Replace 66 k¥ cable - CANN ‘CANN-DZ to CANN 1T [130m length) 45 900,000
Replace 66 kW cable - CANN 66 kV isolator to 2T (30m) 45 237,000
Replace 66 kV cable (pole 4104853 to lagoon) 725m conduits, 1070m cable 45 2,076,000
Riordanvale &6/11 kV Substation Construction 50
TMR-Shure Harbour conduits 5$1-0.9km 2022, 52-1.3km 2030 45 1,913,000
Mandalay & Airport duplication 186m & 380m run 45 1,486,000
TOTAL IMPLEMENTATION COSTS [real) o 5,599,000 o 2,080,057 o o [t} [t}
TOTAL IMPLEMENTATION COSTS [nominal} o 5,738,975 a 2,235,954 o o [t} [t}
TOTAL IMPLEMENTATION COSTS [discounted) 1] 5,386,686 0 1,852,289 (1] [1] 1]} 1]}
| Opex | ?_Dl.sflﬂ 2013/20 2020421 2021722 2022/23 202324 202425 2025/26
Igcrassm.rswitcing 12,300 | | 12300! 12300! 12300! 12300! 12300! 12300! 1230_u|_
Indirect Benafits 2018/1F 2019/20 202021 202122 202223 2023/24 202425 2025/26
WCR Benefits Per Analysis 1] 1] 1] 1] 1] 1] 1] 1]
Existing VCR- 8 year av.: Value $2116000pa but delta [+] [+] [+] [+]
WCR-2 yr av. less REPEX &6 kV cables: base case of 51.765Mpa (1) 1] [t] 1)

Figure C1 BAU - Direct Cost and Indirect VCR Benefits NPV
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DCV costs
. . . L Unit DC . Year of | DC Cost (%
Item 75 Description WR / Estimate No. | Estimate Description \ Quantity Comments
Price (5 M) Spend M)
: O-Feeder Cable -
1 CANM | Replace 66 kV cables- CANMN-01 ta isalatar bus WhR1254345 F39545 1] 201715 0.000 WIP= 1202005 (T4 m run)
UpgradelReplace
1 CANM | FReplace BE KV cables- outgaing CANMN-01 o JUPO ex-Wh125d4 345 includes terms. 533545 1 20113020 0.300 163 run to termination pole
2 " Replace 66 kY cables- incoming CAMM-02 to 1T ex-wR1254 345 includes terms. 533545 1 " 0.300 140m run, conduits under highw ay
3 Peplace BE kWY cables-isolator o 1T exn-WR12542458 includes terms. 2IET23 1 0.237 30m rum o 1T term, structune
Airlie

Ouplicate Abell Paint to Part of Airlie 66 k'Y cable (pale ) N
4 Izgaobnl:hen 4104853 to E0307153) Caonduit costs DMLY Histarical costs 2125000 0.725 1541
5 " Cable install and joint costs Use Option TF 2=t S000a0 107 0.535 E30Cy
6 Mandalay |Mandalay conduits anly Conduit costs OMLY Histarizal costs 2125000 0156 0.335
T " Cable inztall and joint costs Use Option TF est. S00oa0 0,136 0.093 G30Cy
8 Airport | Airport conduits anly Conduit costs OMLY Histarizal costs 2125000 0.38 0.8058
a " Cable inztall and joint costs Use Option TF est. S00oa0 0.38 013 G30Cy
10 TMR-31 | TMR Section 1- Island Or. ta Jones Rd Conduit costs OMLY Histarizal costs 2125000 0.3 202022 1313 Progrezsive install with TMR warks
1 CANM - [BE kW CT= REPEX J00000 1 202823 0.300 CT replace
12 TMR-52 | TMR Section 2- Jones Rd ta Maczlin St. Conduit costz ONLY Hiztorical costs 2125000 13 202330 27683 "
13 RIOR  |Single 1OMWA tee substation WR3I1T031 Gracemere T3-10 2685267 1 " 265858 Re-infarce RIOR area
14 0.000
15 0.000
16 0.000

Projects - detailed estimates

Feplace failed CAMN-O1

1 CAMM [ CAMNM Cannorwale #1566 1Y Cable Peplacement WR1254345 B W able o CANN 533545 1 201715 WP

ARP CERM MK CANM Feplace 2 66 ki CBs WRIZ1TS13 Hep'“ﬁ:‘j’j’f BEKY | 57000 1 20222 0167

0.000
Total BAU: Estimated Cost 13427

Table C2 CAPEX Estimated Cost of Works (Direct Costs)
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APPENDIX D: OPTION A — CANN 66 KV GIS SWITCHING STN (REPLACE AT RISK 66 KV CABLES)

Option A is the recommended solution which is anticipated to provide a strategic network development benefit by allowing the future RIOR 66/11 kV
substation to be developed a single T3-10 tee substation.

Option A:
CAPEX to the end of the AER period 2024/25: $16.684M (all costs are DCV);

[ ]

¢ Integrates GIS install with replacement of problematic CANN 66 kV cables (circa 1981);

o Duplicate at risk Airlie Lagoon, Mandalay and airport 66 kV cables (circa 1987);

e Strategically enables RIOR as a T3-10, single transformer tee off the 66 kV; and

¢ Results in significant reliability and VCR improvement. ) i ) _ ) )

Return to Process Page Non-Escalated DIRECT COSTS (DCV) to be used for all budget inputs
;(g»
y [option Title: |66 kV Switchyard Upgrade at Cannonvale 66/11 kV Substation
|Option Shart Description: |CANN GIS + at risk 66 kV cable replacement
*Mote: Font in red indicates costs are outside of the evaluation period [From 'Inputs & Assumptions'tab)
Asset Life
Description Assumptions {yrs) 2018/19 2019/20 2020/21 2021/22 2023/24 2024/25 2025/26
| Capex
GIS @ CANN + comms. building, GIS, cables- ex Opt 18 50 562,000 7,002,000 3,645,000
TMR-Shure Harbour conduits §1-0.9km 2022, §2-1.3km 2030 45 1,913,000
Mandalay & Airport duplication 186m & 380m run 45 1,486,000
Replace 66 kW cable le 4104853 to |3, n 725m conduits, 1070m cable 45 2,076,000
RICR £6/11 kV Subtstation Construction 50
TOTAL IMPLEMENTATION COSTS [real} o 32,562,000 562,000 8,915,000 32,645,000 o 0 [1]
TOTAL IMPLEMENTATION COSTS 1] o 2,651,050 590,451 9,600,430 4,023,358 0 0 0
TOTAL COSTS i} o 2,426,929 520,136 7,938,200 2,122,736 o o o
Oy ZD].S}].S‘ 101.9{20 ZDAJ{ZL 2021722 102;!13 2023724 2024{15 2025/26
= | | | | | | —
Indirect Benefits 201.8!19‘ 1019{10 MZL 2021722 202;!?_1 2023724 2024{?5 10?5{26 o
VCR Benefits Per Analysis [+] [+] [+] [+] [+] [+] [+] [+]
Existing VCR-8 year av.: Base case 52116000pa [+] o [+] o
WCR-8 yr av. |less REPEX 66 kV cables: Base case less savin, 1,315,000 1,315,000 1,319,000 1,315,000 1,319,000 |
Figure D1 Option A - Direct Cost and Indirect VCR Benefits NPV
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Table D3 CAPEX Estimated Cost of Works (Direct Costs)

DCY coztz
It 75 O inti WR ! Estimate Estimate Unix OC Q it Year of | OC Cost C '
2m escripion N _ uanii omments
il No. Description Price (¥ M) Y Spend % M)
1 CANM | Fiepluce 56 KY cables- CANN-0 to isolator bus WRIZSAT4E D-Facdar Gabls - Ea364% o 201 0000 WIF- 1202015 [11dm run)
Upgrade/Replace
Airlie . . L
2 |a:3;::. E';'ﬂ';;;“tz%"ga':;'s";]"’ Part of hirlic 68 kY cable (pole | o nduiv coses ONLY Histarical costs 2128000 0.72s EETEN] 1541
3 " Cable inztall and joink cost= Uze Optian 1F &2t 00000 1.07 " 0.535 E30Cy
L] Mandalay | Mandalay conduits anly Conduit costz OMLY Hiztorical castz 2125000 0156 " 0.335
5 " Cable install and joint costs Use Option 1F est. S00000 0156 " 0.033 630Cu
& Airport | Airpeort conduits only Canduit costs OMLY Hiztarical casts 2125000 055 " 0.50&
T " Cable inztall and joint costs Uz Option 1F «zt, 0000 035 " 013 B30y
] CANM | CANN GIE modified estimate 16 cazrhflow bazed on ezt SE1555 1 2ozor2 0562
" TOO02E615 1 2021422 T.003 CAMNN GIZ project
" FE45027 1 2022023 3.645
3 TMR- 1 | TMR Zection 1- Izland Dr. te Jones Rd Conduit!cable costs Hiztorical castz 2125000 0.3 20212z 1313 Progressive install with TRR
L] THR- 22 | TMR Zection 2- Jones Rd to Maalin 2t Conduit!cable costs Hiztorical castz 2125000 13 2023130 27635 "
11 RIOR Zingle 10 PAY A tee substatian WRHT0EH Gracemers TE-10 2655267 1 203005 2655 Re-infarce RIOR area
1z 0.000
13 0.000
Projects - detailed estimates
Replace Failed SAMNMN-01 "
1 CAMM | CANNM Cannonvale #1 66 kY Cable Replacement WRI254545 6 ki enble to CANN H33545 u] 0.000 WP
" | ARP CERM ME CANN Fplcs 2 BE kY CEs WRIZITS3 F'*F‘""T"‘ e B kY 167000 o 2020021 0.000
" 0.000
Total Option A: Estimated Cost 22134
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APPENDIX E: OPTION B - DEDICATED 66 KV PROS TO PRMI (REPLACE AT RISK 66 KV CABLES)

Option B is not the recommended solution. Whilst it enables CANN to operate as a double tee substation with VCR benefits, the proposed works has
a higher upfront CAPEX, increases the complexity of connecting RIOR (i.e. T3-10 substation becomes a more costly switched In/Out 66 kV
connection), requires 66 kV route approvals near PRMI and along Shute Harbour Road which are high risk.

Option B:
e CAPEX to the end of the AER period 2024/25: $17.614M (all costs are DCV);
o Removes PRMI from CANN-01 66 kV thus enabling CANN-01 and CANN-02 to supply CANN as a double 66 kV tee;
o Replace deteriorated CANN (circa 1981) and duplicate at risk Airlie Lagoon, Mandalay and airport 66 kV cables (circa 1987);
¢ Increases future RIOR connection costs as a T3-10 (i.e. switched 66 kV tee); and
[ ]

Whilst there are significant reliability and VCR improvement, high-risk approvals for 66 kV route approvals.

Return to Process Page Non-Escalated DIRECT COSTS (DCV) to be used for all budget inputs

[option Title:

|Construction of Dedicated 66 kV Feeder from Proserpine 132/66/11 kV Substation to Proserpine Mill 66/11 kv Substation
| eption Shart Description:

*Note: Font in red indicates costs are outside of the evaluation period (From Inputs & Assumptions' tab)

Assat Life

Description Assumptions [yrs) 2018/19 2019/20 2020/21 2021/22 2023/24 2024/25 2025/26

Capex

&6 kV Bay @ PROS + naw &6 k¥ DCCP to PRMI tae ex Option 3a 50 695,000 5 1,835,000

Comms Work @ CANN, PROS, JUPD, PRI

TMR-Shure Harbour conduits & cable 51-0.9km 2022, 52- 1.3km 2030 45 2,372,000 3,426,000

Mandzlay & Airport ion, complete lagoon toJUPD | 186m & 380m & 1800m run 45 1,486,000 518,000

Replace 66 kV cable [pole 4104853 to lagoon) 725m conduits, 1070m cable 45 2,076,000

'CANM works + RIOR 66/11 k¥ CANN Tfer c/b & CT, RIOR 2030/31 50 167,000

Replace 66 kV cable - CANN CANN-02 to CANN 1T [120m length), 45 1,137,000

TOTAL IMPLEMENTATION COSTS [real) o 4,699,000 695,000 6,041,000 6,179,000 o o o

TOTAL IMPLEMENTATION COSTS [nominal) [ 4,316,475 730,184 6,505,496 6,820,460 0 [ 0

TOTAL cosTs [ 4,520,814 643,291 5,379,505 5,293,723 0 o 0

Opex | | | 1(]1.8]19‘| 21][‘)!21] 2020/21 ‘ 2021/22 | 2022/23 | 2023/24 | ZI]ZA!L‘- lﬂ?_‘.!lﬁ
I ] | I I | I I I | I

Indirect Benefits 2018/159' 2013/20 2020/21 2021/22 2023/23 2023/24 2024/25 2025/26
VCR Benefits Per Anzlysis - - - - - - - -
Existing VCR-8 year av.: Baze caze 52116000ps - [1] [1] 1] [1]

VCR-8yr av. less REPEX 66 kV cables: Base case less savin, 1,319 1,319,000 1,319,000 1,319,000 1,319,000

Figure E1 Option B - Direct Cost and Indirect VCR Benefits NPV
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1:32/66KVASUBI(I1039)) 8 ~ ] “§8&. Cannonvale No. 1
e 5 b . “\& | o P (119) to CANN sub

Indication of new 66kV feeder route
from PROS to PRMI tee -

requirements for new easements?

This section of existing 66kV
overhead and cable to be used
as part of new feeder - assume
route for this part of the new
feeder would also require

i easements?

One option for network configuration is to construct new PROS to
PRMI 66kV feeder - using new exit and overhead conductor from
new 66kV bay, and including use of existing tee section to PRMI.

This proposal removes PRMI tee from CANN No.1 feeder (PROSto |
CANN to JUPO).

Require SME input to understand costs and timing for any

property related requii - including indication of risks to

costs and timing, e.g. easement requirements for this new feeder.

Figure E3 Proposed PRMI Duplicate 66 kV Feeder Route
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Table E4 CAPEX Estimated Cost of Works (Direct Costs)

DLV costs
Estimate Unit DC Price DC Cost
ltem 75 Description WR / Estimate No. . Quantity |Year of Spend Comments
Description (S M) (5 M)
1 Capy | FiERlace BBk cables- CANN-O1:o WR1Z54345 D-Fesder Cable - 899548 0 2017116 0.000 WIP- 1202018 (dm run)
isolator bus Upgrade!Replace
Airlie Duplicate Abell Paint to Part of Airlie
2 lagoon  |B6 kW cable (pole 41045535 ta Conduit costs OMLY Historical casts 2125000 0.725 2015t20 1541
cable |B030153)
3 " Cable install and joint costs cable costs Usze Option 1F st 00000 1.07 0.535 E50Cu0
q4 Mandalay |Mandalay conduits only Conduit costs OMLY Historical casts 2125000 0156 0.335
5 " Cable install and joint costs cable casts Use Option 1F est. S0o0oo 0156 0.033 E30Cu
] Airpart | Birport conduits only Conduit costs ONLY Histarical costs 2125000 0.38 0.808
T " Cable install and joint costs cable casts Use Option 1F est. S0000o 0.35 0.13 E30Cu
8 AN E:ﬂ;ﬁ;gi“# sables-incoming ex- WR1254348 includes terms. 899545 1 0.900 | M0m run, conduits under highw ay
: | Replace BE kWY cables-izolator o 1T en- WHR1254348 includes terms. 236723 1 0.237 30 run ko 1T kerm, structurs
10 PRM works madified estimate 34 CSShf'C“:za“d o BI4551 1 2020121 0635
" 3502134 1 202122 3.802 PRI dedicared 65 kY
1834350 1 2022423 1835
1 TMR-51 | TMR Section 1- Island Or. to Jones Rd Conduit costs Hiztorical casts 2125000 0.3 2020122 1913 Progressive install with TMR works
12 " " cable costz Histarical costs 510000 0.9 " 0.453 "
13 TMR-52 | TMR Section 2- Janes Rd ta Mazlin Conduit costs Historical casts 2125000 13 2022123 2763 Pragressive install with TMR warks
14 " " cable casts Hiztorical casts 510000 13 " 0.663 "
15 JURD Mazlin Sr. ta JUPO cable costs Histarical costs 510000 18 0315
16 CAMM 66 kY CTs REFEX 300000 1 202523 0.300 CTreplace
17 RIOR | Single 0 MWA tee substation WHITO31 Gracemere T3-10 2658267 1 203000 2658 Re-inforce RIOR area
18 " Switched 66 K\ S_132FOR_00 SUB 132k FOR BAY 1052530 2 " 2165 To enable 3 ended diff or distance
13 Cable in ! out of BE kY Conduit costz DMLY Histarical zasts 2125000 0.z 0.425
20 cable casts Use Option 1F est. S0o0oo 0.z 0100
21 0.000
22 0.000
23 0.000
Projects - detailed estimates
Feplace Failed CAMNMNA
1| cany |EANMEannonealz #T68 kY Cable WHIZE434 DiBGkYcableto | B33548 o 0.000 WIP
Replacement
CanM
ARP CERMME CANN Replace 2 66 Replace existing 66
L CEis WH1217213 i Ther cibs’ 1ET000 1 20201 0167
0.000
Total Option B: Estimated Cost 23.290
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Option

C:

CAPEX to the end of the AER period 2024/25: $21.111M (all costs are DCV);
Replace deteriorated CANN (circa 1981) and duplicate at risk Airlie Lagoon, Mandalay and airport 66 kV cables (circa 1987);
Has significant upfront CAPEX; and
Whilst there are significant reliability and VCR improvement, there is an extra 66 kV exposure to downstream JUPO.

APPENDIX F: OPTION C - RIOR 66 KV SWITCHING STATION (REPLACE AT RISK 66 KV CABLES)

Option C is not the recommended solution. Whilst it enables CANN to operate as a double tee substation with VCR benefits, the proposed works has
a higher upfront CAPEX to establish RIOR and has increased exposure to the downstream 66 kV line.

Optlon C Return to Process Page Non-Escalated DIRECT COSTS (DCV) to be used for all budget inputs
Description Assumptions 2018/19 2019,/20 2020/21 202122 202324 202425

Capex
New RIOR 86 K\ switched site exEst. 4 50 &86,000 8,320,000 4,690,000
Comms Work @ CANN, PROS, JUPO, PRMI
TMR- Shure Harbour conduits & cable 51-0.9km 2022, 52-1.3km 2030 45 1,913,000
Mandalay & Airport duplication, complete |sgoon to JUPG 126m & 330m & 1800m run 45 1,486,000
Replace 66 kV cable (pole 4104853 to lagoon) 725m conduits, 1070m cable 45 2 076,000
CANN works + RIOR 66/11 kV Subtstation Construction CANN Tfer /b & CT, RIOR 2030/31 50 167,000
TOTAL IMPLEMENTATION COSTS (real} a 3,562,000 686,000 10,410,000 4,690,000 o0 o0 o0
TOTAL IMPLEMENTATION COSTS (nominal) a 3,651,050 720,725 11,210,431 5,176,382 o o o
TOTAL IMPLEMENTATION COSTS [discounted) 1] 3,426,925 634,960 5,270,096 4,018,070 o o o
|Opex 2018/19 2015/20 2020/21 202122 202223 202324 202425 202526
Indirect Benefits 2018/19 2019/20 2020421 202122 2022/23 202324 2024/25 2025/26
VCR Benefits Per Analysis - - - - - = = =
Existing VCR-8year av.: Base case 52116000pa - 1] 1] 1] 1]

1,319,000 1,315,000 1,315,000 1,315,000 1,315,000

WCR-8 yr av. less REPEX 66 kV cables: Base caze less saving

Figure F1 Option C - Direct Cost and Indirect VCR Benefits NPV
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Table F3 CAPEX Estimated Cost of Works (Direct Costs)

L . Estimate Unit DC . Year of | DC Cost (5
Item 5 Description WR / Estimate No. L . Quantity Comments
Description Price ($ M) Spend M)
1 Capp | epizes G5 kY cables- DANN-0T WH1254348 D-FeederCable = | gaergg 0 207718 0.000 WP 1212018 (Tdm run)
izalatar bus Upgrade/Replace
Aitlie  [Duplicate Abell Paint ta Part of Aidie
z lagoon |66 kV cable (pole 4104853 w0 Conduit costs DMLY Historical costs 2125000 0.725 201atz0 1541
cable |BO30153)
3 " Cable inztal and joint costs Uze Option 1F ezt 00000 107 0.535 E30Cu
4 I\"Ian:lala Mandalay conduits only Conduit casts DMLY Histarical costs 2125000 0.156 0.335
o " Cable install and joint costs Use Option 1F est. 500000 0.136 0.033 E30Cu
1] Airport | Airport conduits only Conduit costs OMLY Historical costs 2125000 033 0803
T " Cable inztall and joint cost= Use Option 1F est. 500000 033 0.13 E30Cu
" . cashflow bazed on
i RIOR works modified estimate 4 et EE5528 1 2020821 0686 RICIR 6 Ky Fully switched
" §323500 1 202122 6.330 yard
4530000 1 2022023 4.630
9 | TMR-51|TMR Section T-lland Dr. ta JanesRd|  Conduitcasts Historical costs 2125000 09 | 202m22 1913 p'°9’“s'”i';‘f;:" with TR
10 " cable costs Historical costs 510000 0 " 0.000 "
n CAMN (66 KV CTs REPE® 300000 1 202823 0.300 CTreplace
12 TMR- [ TMR Section 2- Jones Bd to Mazlin Conduit costs Historiosl costs 5000 13 2530 2763 Progressive install with TMR
52 (S works
13 " cable costs Historical costs 510000 0 0.000 "
14 JURD Mazlin St. ta JUPO cable costs Historical costs 510000 0 " 0.000
14 RIOR | Single 10 MWA tee substation WRI1T031 Gracemere T3-10 ZEGE26T 1 2030031 2685 Re-infarce RIOR area
15 0.000
16 0.000
17 0.000
Projects - detailed estimates
Replace Failed CANMNA
1| cany |SAMMECannonyale $186KY Cable WR1254346 MEEKYoablets | 539545 i 0.000 WP
Replacement
CaMN
ARF CERM MK CANM Feplace 2 66 Replace existing 66
2 W CBis WHR1217513 1 Ther ol 167000 1 2020021 0.167
3 0.000
Total Option C: Estimated Cost 25.097

Page 117

Ergon Energy Corporation Limited ABN 50 087 646 062

Energy Queensland Limited ABN 96 612 535 583

Energex Limited ABN 40 078 849 055



Planning Proposal

@
ENEIPG':' “:::‘:‘". L
2 ;\'\'////
energex

Assumed route of new
66kV feeder section CANN
to adjacent pole 4104853

Assumed location of ne:
conduits for 66KV from
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part of Airlie for
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APPENDIX G: PROPOSED CANN - JUPO 66 KV FEEDER ROUTES
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Term Pole 4104853
Abell Point Marina
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