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1.0 EXECUTIVE SUMMARY

The purpose of this business case is to seek approval for the funding for the renewal of
transformers No.1 and No.2 at Prospect Zone Substation under program TS617 during 2017/18 —
2018/19.

Assets Standards and Design (AS&D) has advised that Transformer No. 1 and Transformer No. 2
have reached the end of their life and recommended that they be replaced.

Prospect ZS was transferred from the Electricity Commission of NSW in 1960 and in 1974 it was
augmented with three 15MVA transformers from Marayong ZS.

In 2011/12 Transformer No. 3, which was in very poor condition, was replaced under project TS001
— Replacement of Prospect No. 3 Transformer. At that time the condition of transformers No. 1 and
2 were noted as also approaching end of life and it was estimated that they would require
replacement in around five years time.

This business case considers a range of options to address the transformer condition and noise
issues and recommends replacing Transformer No. 1 and No. 2 with new low noise 15 MVA
transformers and disposing of the old Transformer No. 1 and No. 2.

The estimated cost of the proposed works is $3.2 million in real terms and $3.3 million in nominal
terms and it is expected that the project will commence in 2017/18 and will be completed in
2018/19.

A contingency amount of $0.3 million (10% of project base costs) is proposed to allow for:
e Additional works due to soil contaminated with asbestos;
e Additional work for mains construction
e Additional costs due to copper, steel and exchange rate fluctuations.

The PIPv8.3 has a provision of $6.1 million under program TS600 — Transformer Renewals in the
period from 2017/18 to 2018/19 for these and other transformer renewal works and a total provision
of $99.2 million for the period from 2017/18 to 2026/27. The funding in FY18 and FY19 is adequate
for the proposed works and the future funding allocation will be re-phased in the next release of the
PIP to accommodate further transformer replacement works proposed for Albion Park Zone
Substation.

Accordingly, it is recommended that:

e Preliminary Gate 2 approval of $3.6 million is granted for the replacement Transformers 1
and 2 at Prospect ZS as detailed in this business case;

The capital project amount comprises a base cost of $3.3 million and a contingency allowance of
$0.3 million.

.....................................................................................................................................................................
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2.1 PURPOSE

The purpose of this business case is to seek approval for the funding for the renewal of
transformers No. 1 and No. 2 at Prospect Zone Substation under program TS617 during 2017/18 —
2018/19. Asset Class Condition Report, Power Transformers, June 2017 from Assets Standards
and Design initiated this business case. The report highlighted the poor condition of these
transformers and recommended that they be replaced.

Refer APPENDIX A for detail of the Asset Class Condition Report, Power Transformers, June 2017.

2.2 BACKGROUND

Prospect Zone Substation, located on Blacktown Road Prospect is supplied at 33kV from the
adjacent Blacktown Transmission Substation. Prospect ZS was transferred from the Electricity
Commission of NSW in 1960 and in 1974 it was augmented with new 11kV switchgear and three
15MVA transformers relocated from Marayong ZS.

In 2011/12 Transformer No. 3, which was in very poor condition, was replaced under project TS001
— Replacement of Prospect No. 3 Transformer. At that time the condition of transformers No. 1 and
2 were noted as also approaching end of life and it was estimated that they would require
replacement in around five years time.

TABLE 1 below shows details of the power transformers that are currently in service at Prospect ZS.
TABLE 1: POWER TRANSFORMERS DETAILS

Transformer No. Serial No. Voltage(kV) ‘ Age ‘ Tapchanger
No 1 AEI 33955 15 33/11 56 Metrovic
No 2 AEI 102076 15 33/11 52 Metrovic
No 3 Amp Control 284653 15 33/11 3 ABB

The condition of two of the three transformers is poor and assessed as being at the end of their life
and therefore it is appropriate that the requirements for transformers at Prospect ZS be considered.

Refer APPENDIX B for a schematic of the supply arrangement for Prospect ZS, APPENDIX C for a
single line drawing of the substation itself.

3.1 TRANSFORMER CONDITION

The Asset Class Condition Report, Power Transformers, June 2017 indicates that transformers 1 and 2
are in very poor condition. Transformer No. 3 is three years old and in good condition.

3.1.1 END OF LIFE INDICATORS

Transformer insulation degrades with time due to moisture, heat, electrical stress and the presence
of oxygen. Degraded oil insulation can be regenerated or replaced in a cost effective manner. Paper
insulation however, can only be replaced by rewinding the transformer and this is generally not cost
effective. As paper degrades, it loses its tensile strength. Weak paper may tear when the windings
are subjected to mechanical movement during switching or short circuit conditions.

The remaining strength of paper can be measured by the degree of polymerisation (DP) of samples
of paper taken from the transformer, which is an invasive process, or the DP value can be estimated
by measuring the amount of Furanic compounds in the oil, which is non-invasive.

To measure the reaming tensile strength of the paper insulation a sample of the paper from the
transformer winding tails collected and tested for the degree of polymerisation (DP). DP gives an
indication of the length of the cellulose chain, which is proportional to tensile strength.

.....................................................................................................................................................................
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New transformers using paper insulation, filled with oil have a DP of approximately 1,200. As the
paper degrades the DP level drops down towards zero. It is generally accepted that at a DP of
around 250, the paper is too brittle to withstand the forces exerted during a switching surge or a
short circuit. It is therefore considered as the theoretical end of life of the transformer.

Endeavour Energy considers transformers for replacement when their DP levels fall to 250. When
DP is not available, the DP levels are estimated using the level of Furanic compounds in the oil.

Furanic compounds (such as 2FAL) are generated when the cellulose chain breaks down.
Generally, Furan levels of above 2.5 ppm are indicative of poor paper strength. However, as most of
the older transformers have oil leaks and require oil to be replenished. Over a period this results in a
dilution of the Furan levels and therefore Furan levels may not be a reliable measure of transformer
ageing and underestimate the actual loss of strength of the paper insulation .

A summary of the condition of the transformers is presented below.

3.1.2 TRANSFORMER NO. 1
Details of the condition of Transformer No. 1 are provided in TABLE 2 below.

TABLE 2 : TRANSFORMER NO. 1 CONDITION ASSESSMENT

Condition Indicator Comments
Furan levels ppm <25 1.0 Good Furan values are low due to
frequency of oil top ups
which dilute the oil
» indicators, giving a result
9 which appears to be better
_g than it is in reality.
E Paper degree of 250 259 Very poor |DP was tested in 2013. Itis
o [polymerization (DP) expected to be much lower
< at this time
CO,/CO ratio >7 13 Reasonable | This ratio appears to be
reasonable but is unreliable
due to dilution of the oll
Oil colour classification <5 4 Fair This suite of indicators
appear to be fair but are not
g Myers Index 160 very poor reliable due to the frequency
w© | Oil breakdown voltage kv >40 52 Fair of oil top ups which distort
(&S] .
TS |Water content in the oil ppm 30 @ 40 - 60°C 20 Wet the_ results, giving results
£ — ———— which appear to be better
c | Oil Dielectric dissipation mw/Var <40 @ 90°C 49 Poor than they are in reality.
2 |Factor (DDF)
% Acidity (Neutralisation mgKOH/ <0.2 0.12 Good
o |Value) g
O |Interfacial tension (IFT) mN/m >18 19 Fair
Oil conductivity pS/m <5.0 7.79 Fair
«» | Winding dielectric loss mR <4 — good 11.25 Very poor
S |angle (DLA) 4 -7 - reasonable
.S >7 — Poor
©
£ |Bushing DLA mR <4 — good - - No test results available
2 4 — 7 - reasonable
é >7 — Poor
2 | Polarization index (PI) >2 - good 1.08 Poor
= 1.25-2.0-
a
o reasonable
= <1.25 - poor
©
-‘35 Insulation resistance (IR) MQ >210 (HV) 880 Fair Fair
>71 (LV) 503
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Condition Indicator Units Limits Values Comments

Winding differential Q <0.02 0.004 Fair
resistance
Dissolved gas levels various Good DGA levels appear to be

good but are unreliable due
to numerous oil top ups
which dilute the oil markers

An image of Transformer No. 1 is shown in FIGURE 1 below.

FIGURE 1 : TRANSFORMER NO. 1

3.1.2.1 TRANSFORMER NO. 1 CONDITION SUMMARY
Although a number of condition indicators appear to be fair to poor, these indicators underestimate
the condition due to dilution which is caused by the regular oil top ups that have been carried out.

This transformer is in very poor condition due to the very low DP level, which is exacerbated due to
oil leaks and moisture ingress and makes the transformer susceptible to internal failure if subjected
to a through fault event.

.....................................................................................................................................................................
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3.1.3 TRANSFORMER NO. 2

Transformer No. 2 is 52 years old and is the same design as Transformer No. 1. Further detail of
the condition of Transformer No. 2 is provided in TABLE 3 below.

TABLE 3 : TRANSFORMER NO. 2 CONDITION ASSESSMENT

Condition Indicator Limits Values Comments

Furan levels ppm <2.5 0.5 Fair Furan values are low due to
frequency of oil top ups
which dilute the oil
indicators, giving a result
which appears to be better

2]
S than it is in reality.
5]
L | Paper degree of 250 363 Poor The DP was tested in 2009
< | polymerization (DP) when this transformer was
o 44 years old and in better
< condition. Since then its
condition has deteriorated
and the DP levels are
expected to be very poor
CO,/CO ratio >7 16 Reasonable | This suite of indicators
Oil colour classification <5 4 Fair appear to be fair but are not
reliable due to the frequency
» [Myers Index 526 Fair of oil top ups which distort
s L
< | oil breakdown voltage Y >40 42 Poor the results, giving results
© _ _ which appear to be better
° Water content in the oil ppm 30 @ 40 — 60°C 23 Wet than they are in reality.
c Oil Dielectric dissipation mwW/Var <40 @ 90°C 43 Poor
:g Factor (DDF)
g Acidity (Neutralisation mgKOH/ <0.2 0.09 Good
o [Value) g
O |Interfacial tension (IFT) mN/m >18 19.5 Good
Oil conductivity pS/m <5.0 6.74 Poor
Winding dielectric loss mR <4 — good 3.9 Reasonable
angle (DLA) 4 — 7 - reasonable
>7 — Poor
v | Bushing DLA mR <4 — good - - No test results
= 4 — 7 - reasonable
o
._g >7 — Poor
> Polarization index (PI) >2 - good 1.21 Very poor
= 1.25-2.0-
5 reasonable
2 <1.25 - poor
©
S |Insulation resistance (IR) MQ >210 (HV) 570 Fair
o >71(LV) 532 Fair
c
é Winding differential Q <0.02 0.01 Fair
S resistance
Dissolved gas levels various good DGA levels appear to be

good but are unreliable due
to numerous oil top ups
which dilute the oil markers

An image of Transformer No. 2 is shown in FIGURE 2 below.

.....................................................................................................................................................................
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FIGURE 2 : TRANSFORMER NO. 2
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3.1.3.1 TRANSFORMER NO. 2 CONDITION SUMMARY

Although a number of condition indicators appear to be fair to poor, these indicators underestimate
the condition due to dilution which is caused by the regular oil top ups that have been carried out.

Transformer No. 2 is in poor condition and its DP level is expected to be below 250 as its condition
has deteriorated since 2009 when the DP level of 363 was measured.

This transformer is in very poor condition due to the very low DP level, which is exacerbated due to
oil leaks and moisture ingress and makes the transformer susceptible to internal failure if subjected
to a through fault event.

3.2 TRANSFORMER REPLACEMENT METHODOLOGY

Endeavour Energy uses a transformer replacement methodology to plan for transformer
replacements. This methodology prioritises power transformer replacements based on condition and
their criticality in the network.

Transformer replacements are prioritised as high priority, medium priority, low priority and those not
requiring replacement due to their condition are ranked replacement priority not required.

Transformer condition is ranked from one to 10 with one being in good condition and 10 being in
very poor condition.

A transformer’s criticality number ranges from one to 15 with 1 being lowest critical service in the
network and 15 being highest. A combination of the following aspects is used to determine the
criticality:

e Load type (domestic, industrial, and commercial mix) ;
e Substation type ( zone or transmission): and

.....................................................................................................................................................................
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e Network load at risk (extent to which the firm capacity at a substation is exceeded).

Given Endeavour Energy’s network and the loads that are supplied, the criticality range for the fleet
of power transformers usually resides within the four to 11 range of criticality.

The condition of the entire fleet of power transformers is presented in TABLE 4 below.

The numbers inside the matrix reflect the number of transformers that are in this category. E.g. in
the Condition rating = 6 and the Criticality range = 8, there are 4 units at this time. As the condition
of transformers deteriorate more units will move from regions of lower priority to higher priority in the
replacement matrix.

TABLE 4 : TRANSFORMER REPLACEMENT PRIORITY MATRIX

Criticality =

S

3 4 5 6 7 8 9 |10 |11 |12 | 13 | 14 | 15 | &

— 54

~ 166

™ 2
[=2)

£ < 4
T

X | n 33
c
o

= | © 70
2

2= 21 | 13 | 5 7 0 0 83

© 15 | 5 3 2 36

o 5

= 1

Total O | 161 (146 | 51 | 36 | 46 [ 2 5 7 0 0 0 0 |454

Note ! — This is the old Nepean Transformer No. 3, which is scheduled for disposal in 2017/18.
TABLE 5 below shows the quantities that are in the power transformer replacement program.
TABLE 5 : PLANNED REPLACEMENT QUANTITIES

Replacement Priority Quantity of transformers % of population

Low Priority 71 15.64%

Quantity in replacement prioritisation plan 88 19.38%

Total units

Note 2 — Nepean TRANSFORMER 3 which is surplus to requirements and will be removed in
2017/18 and Camellia TRANSFORMER 1 which will be replaced in 2017/18 under project TS608 -
Camellia TS Transformer replacement and 33kV busbar rearrangement.

Ranking of Prospect power transformers in the replacement matrix are shown in TABLE 6 below.

.....................................................................................................................................................................
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TABLE 6 : PROSPECT TRANSFORMERS IN REPLACEMENT MATRIX

Criticality

Condition Rating

3.3 NETWORK NEED
Prospect ZS is supplied at 33kV from the adjacent Blacktown TS as shown in FIGURE 3 below.

FIGURE 3 : SUPPLY ARRANGEMENT TO PROSPECT ZS

@ 132kV substation
@ 33kV substation
441 — 132kV feeder

— 33kV feeder

BAULKHAM
HILLS TS

3.3.1 DEMAND FORECAST

The summer peak demand forecast for Prospect ZS is 30MVA (with a 50% probability of being
exceeded) as shown in TABLE 7 below.

.....................................................................................................................................................................

11 | TS617 Prospect ZS transformer replacement .'...'. Endeavour
D) Energy



TABLE 8 shows that the winter peak demand is forecast to reach 24MVA.

Capacity Planning has advised that an N-1 level of supply security is required and due to the flat
load forecast, three 15 MVA transformers are required at Prospect ZS to provide a firm of 30MVA
for the foreseeable future.

TABLE 7 : PROSPECT ZS SUMMER DEMAND FORECAST

Location Actual F orecast

2011 [ 2012 | 2013 [ 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026
tetual [MVA_ | 27.9 | 223 | 30.0 | 253 [ 254 | 297 [ 0 |

F
Pros pect fuf 208 | 284 | 287 | 282 (279 287 | 299 | NE (AT | M6 [ A6 | 2G| N4 314 N2 N4
M Ar | 46 18 | BT [ 20 | 22 [ 103 ]| &7 6.0 | B0 F.0 O | 60 [ 6O | 60 | BO [ GO
1084 FOE |[MUA 280 (285 | 205 | 283 ( 28.0 | 305 | 304 | 324 | 323 | 322 | 321 | 321 | 32.0 | 31.9 | 31.9 | 32.0
0.982
294
5.6
20.9
0.9a82

FF 0987 |0.998 |0.974) 0.997)0.997 | 0.941 | 0.832 0.8982) 0852 [0.992|0.982|0.932 [0.982)0.982|0.952
fuf 260 | 26.0 | 262 | 257 | 295 | 263 | 2745 203 | 293 | 292 291 | 291 [ 290 | 29.0 | 29.0
M Ar | 4.2 16 | B1 [ 18 | 20 | 95 5.2 5.6 5.6 A6 | 84 [ A5 | 55 ) A48 [ A4
5094 FOE (MR 264 | 26.0 | 26.9 | 258 | 25.5 | 28.0 | 280 200 | 208 | 207 | 20.6 | 20.6 | 205 | 29.5 | 20.5
FF 0.937 |0.998 |0.974| 0.997)0.997 | 0.941 | 0.932 0.882) 08582 (0.932(0.982|0.932 [0.982)0.982|0.982

TABLE 8 : PROSPECT ZS WINTER DEMAND FORECAST

Location Actual Forecast
201 | 2012 | 2013 | 2014 | 2015 | 206 | 2017 | 2018 | 2019 | 2020 (2021 | 2022 | 2023 | 2024 | 2025 | 2026

Aot [MVA | 22.8 | 21.5 | 220 | 22.2 | 23.8 | 220 |00 00 i d i i s TA AT LTINS

Prospect Ty N7 121701214 [ 217 | 228 | 216 | 242 | 246|246 245 (245|248 | 245 245 | 245 247
T AT 26 2.2 1.6 1.8 1.3 0.4 2.0 2.0 20 2.0 2.0 2.0 2.0 2.0 2.0 20
109 poE |MVA 218 | 212 1214 | 21.8 | 225 | 216 | 240 | 24.7 | 246 | 24.6 246 | 24.6 | 24.6 | 246 | 2.6 | 24.7
PF 0.5995 [0.8995 (08570993 | 0.998 (1.000] 08597 |0 997 (0987 0997 |0.997 | 0997 (0,987 |0.997 | 0.997 (0.997
Tl MO | 206|208 (290218 | 210 236 | 240|239 239 (239|238 (2382392349240
T AT 28 21 1.6 1.8 1.3 0.4 1.9 20 20 2.0 2.0 2.0 2.0 20 2.0 20
5084 PoE |MWA 21.2 | 207 1210 | 21.0 | 219 | 210 | 237 | 24.0 | 240 ( 240 (240 | 239 (239 (239 | 23.9 | 241
PF 0883 |0.895 (0897|0993 |0.998 (1.000) 0897 |0.997 (0987 0,997 |0.997 |0.997 [0.957 |0.997|0.997 [0.947

3.4 OTHER NEEDS
3.4.1 NOISE ISSUES

Prospect ZS in a residential area and there are residences and a school in close proximity of the
substation. Although, there has not been any noise complaint, in 2011, when Transformer No. 3 was
replaced, a noise survey was carried out to assess the environmental noise impact of the substation
equipment on the premises that are adjacent to the substation. The survey found that the noise
emission from the substation was above the recommended noise limits and recommended that
noise controls measures be carried out to ensure compliance.

Noise guidelines from the NSW Industrial Noise Policy (EPA, 2000) [1] are used to assess the noise
emanating from Endeavour Energy’s substations. This noise policy is aimed at assessing noise from
“scheduled” premises under the Protection of Environment Act 1997 [2]. Endeavour Energy
substations are not “scheduled” premises. However, in the absence of policy specific to Endeavour
Energy’s zone substations, the guidelines under the NSW Industrial Noise Policy are used to assess
whether a “reasonable person” is likely to find the noise offensive, and thus warrant investment to
reduce the noise levels.

In 2011 it was resolved that the replacement transformers at Prospect ZS would be low noise units
to ensure compliance to the NSW Industrial Noise Policy would be achieved as the transformers
were replaced over time.

Accordingly, it is proposed that any replacement transformer be low noise designs.
Refer APPENDIX E for details of the noise report.

3.4.2 FIRE PROTECTION

Currently there are inadequate fire separation distances or firewalls between Transformers 1 and 2
and between these transformers and the control building, that houses the 11kV switchgear. As both
transformers No.1 and No.2 are in poor condition, they are likely to fail when subjected to a through

12 | TS617 Prospect ZS transformer replacement & ~% o Endeavour
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fault event. If the failure results in a transformer fire, the fire is likely to destroy the adjacent

transformer and the control building.

Under this scenario, it is likely that the substation will be out of commission for an extended period
with subsequent supply security and reliability risks.

Accordingly, it is proposed that fire protection measures are under taken at this site as part of any

major renewal works.
3.4.3 RISK ASSESSMENT

Endeavour Energy’s Risk Management procedure GRM 0003 covers the business risk across the
company. The framework outlined in the GRM 0003 has been followed in this risk assessment of
Prospect ZS transformers shown in TABLE 9 below. However, the impact criteria have been

focused to this specific site.

TABLE 9 : RISK ASSESSMENT
Likelihood

Impact

Business
Risk

Comment

Treatment of risk

Transformer fails and | Possible Moderate | High As both T1 and T2 are in very | Replace both
catches fire poor condition, they are likely transformers with
© ®) (€3) to fail if subjected to a through | new units and install
fault event. If the failure results | four firewalls to
in a transformer fire, the fire is | maintain supply
likely to destroy the adjacent security and to
transformer and the control reduce the risk to
building. The STPIS impact of | low. (E3)
a one-hour outage at Prospect
ZS is $670,000.
Failure of two Likely Moderate | High As both T1 and T2 are Replace both
transformers during a operated in parallel, and due transformers with
system fault B) ®) (B3) to their very weak paper new units to
strength, both transformers are | maintain supply
likely to fail in the event of a security and to
close up system fault. The reduce the risk to
substation load can be taken low.
up by the neighbouring zones
substations for limited periods (E3)
only but not during the peak
summer demand.
Failure of one Likely Moderate | High It will normally take about a Replace both
transformer during a month to replace a failed transformers with
system fault and the B) ®) (B3) transformer with a system new units to
subsequent failure of spare and this leaves the maintain supply
the second substation at risk during this security and to
transformer before period. reduce the risk to
the failed transformer low.
is replaced (E3)
Failure of one Likely Minor Medium Reduced supply security to Replace both
transformer during a customers with one transformers with
system fault B) @ (B2) transformer out for a new units to reduce
prolonged period. the risk to low.
(E2)
Noise complaints Possible Minor Medium Noise emissions from these Replacement
transformers are above the transformers to be
© @ (€2) limits and therefore noise low noise units.
complaints may become an
issue in the future. (E2)
13| TS617 Prospect ZS transformer replacement :"'0. Endeavour
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3.4.4 CONCLUSIONS

Transformers 1 and 2 are not fit for continued service and at a high risk of failure. Therefore, they
require replacement in the short term.

Transformer 3 is in new condition and should be retained in service for the long term

4.0 INVESTMENT OPTIONS

The following options for the transformers at Prospect ZS have been considered:
1. Do nothing;
2. Refurbish Transformer No. 1 and No.2;
3. Replace Transformer No. 1 and No.2;

4.1 OPTION 1-DO NOTHING

This option includes not replacing Transformers 1 and 2 at this time, and to continue to operate the
substation with these transformers in their present condition.

Transformers 1 and 2 are in very poor condition and the risk of failure of either of them is high. If
one transformer fails catastrophically and causes a fire, the fire could damage the adjacent
transformer and control building, (which incorporates the 11kV switchgear), as there are no firewalls
or adequate fire separation (distances) between either of the transformers and the building. This
event would cause a significant outage of the substation.

Therefore, Do Nothing presents an unacceptable level of risk and is rejected as not being a solution
to the needs at the substation.

4.2 OPTION 2 - REFURBISHMENT

This option includes refurbishing or rebuilding transformers 1 and 2.

However, refurbishment of transformers of this age and condition is not considered practicable due
to:

e The very poor condition of these transformers giving rise to unreliable results of the
refurbishment;

e The poor condition of radiators which will require their replacement as it is not cost effective
to repair them;

e The lack of available spare parts for these old tap-changers. Consequently the tapchanger
will require replacement with a new type and this may also require modification of the main
tank and conservator;

e The likelihood of lead paint inside the tank causing increased costs; and

e The transformer will be out of service for an extended period leaving the substation with a
reduced level of supply security for the duration.

Therefore, refurbishment of transformers of this age and condition is considered to present
excessive risk and not be commercially viable and is rejected as not being a solution to the needs at
the substation.

4.3 OPTION 3 - REPLACE TWO TRANSFORMERS

This option is to replace the existing Transformer No. 1 and No. 2 with low noise 15MVA
transformers in new bunds that are fitted with firewalls. Also included in this option is the
replacement of the 33kV cables from Blacktown TS, replacement of the 11kV cables to the 11kV
switch room, the relocation of a lightning mast and disposal of the redundant transformers.

The cost of this option is $3.2 million.

Refer FIGURE 4 for the arrangement of the existing transformers and lightning mast and

.....................................................................................................................................................................
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FIGURE 5 for the proposed new arrangement, which includes the firewalls and the relocated

lightning mast.

FIGURE 4 : EXISTING TRANSFORMER ARRANGEMENT
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4.4 RECOMMENDED OPTION

Given that both Transformer No. 1 and No. 2 are in poor condition and at end of life, they have to be
replaced to satisfy the N-1 supply security requirements at this site. Therefore, Option 1 - Do
Nothing is not a suitable option.

Option 2, the refurbishment option is considered to be neither dependable nor cost effective and is
considered to present excessive risk and therefore it is rejected as not being a solution to the needs
at the substation.

Option 3, which proposes to replace the two transformers in poor condition with two new low noise
15MVA transformers, is the only option that will ensure that the on-going serviceability and supply
security. Therefore, Option 3 is recommended as the preferred option.

5.0 PROJECT SCOPE
5.1 PROJECT WORKS SCOPE
The proposed project scope includes:

1. Construction of a new transformer bund adjacent to Transformer No. 3;
2. Installation of firewalls on the eastern and southern sides of the new Transformer
No. 2;

The purchase and installation of a new low noise 15MVA transformer in this bund;

Installation and connection of new 33kV cables from Blacktown TS to this new
Transformer No. 2.

5. Converting the 11kV indoor switchboard’s existing pitch filled cable termination to
an air termination;

6. Installation and connection of 11kV cables and control cables from the new
Transformer No. 2 to the switchboard and control panels at Prospect ZS;

7. Decommissioning the old Transformer No. 2 and commissioning the new
Transformer No. 2 in its place;

Disposal of the old Transformer No. 2;

Carry out a lightning study for the new substation layout for the purpose of
relocating the lightning mast that is adjacent to the western end of the bund for the
old Transformer No. 2;

10. Construction of a new transformer bund adjacent to the new Transformer No. 2 for
the new Transformer No. 1;

11. Installation of firewalls on the eastern and southern sides of the new Transformer
No. 1;

12. The purchase and installation of a new low noise 15MVA transformer in this bund;

13. Installation and connection of 33kV cables from Blacktown TS to new Transformer
No. 1;

14. Modification of the transformer Feeder No. 1's 11kV cable box to an air
termination;

15. Installation and connection of 11kV cables and control cables from new
Transformer No. 1 to the switchboard and control panel at Prospect ZS;

16. Decommissioning of the existing old Transformer No. 1 and commissioning of the
new Transformer No. 1

17. Disposal of the old Transformer No. 1,
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18. Demolishing the bunds and plinths of the old Transformer No. 1 and Transformer
No.2 to make the yard safe;

19. Appling a layer of crushed rock over the demolished bund areas.

The estimated costs for these works, shown in TABLE 10 below, were provided by Assets
Standards and Design.

TABLE 10 : COST ESTIMATE (REAL 2017/18 $
Item Costs ($)

Planning and development 50,000
Substation design 60,000
Civil works — two transformer bunds and footings 600,000
Civil works — four firewalls 300,000
Purchase, installation, testing and commissioning of two new 33/11 kV 15 MVA low noise transformers 1,540,000
Electrical and protection works to connect and test new transformers 100,000
Mains works — 33 and 11 kV cabling 360,000
11kV switchgear air-box modifications 50,000
Lightning study for the relocation of a lightning mast and its relocation 30,000
Disposal of old transformers and demolition of old bunds and plinths 60,000
Project management 90,000

Project base costs | 3,240,000

6.1 CONTINGENCY

TABLE 11 below shows details of the contingency amount, which equates to approximately 10% of
the project direct costs.

TABLE 11 : CONTINGENCY (REAL 2017/18 $)

Item | Costs ($)

Additional works due to contaminated soil 260,000
Additional work for mains construction 35,000
Additional costs due to copper, steel and exchange rate fluctuations 15,000
Total contingency ‘ 310,000

The PIPv8.3 has a provision of $6.10 million under program TS600 — Transformer Renewals in
FY18 to FY19 for these and other transformer renewal works and a total provision of $99.2 million
for the period from FY18 to FY27. The funding in FY18 and FY19 is adequate for the proposed
works and the future funding allocation will be re-phased in the next release of the PIP to
accommodate further transformer replacement proposed for Albion Park ZS.

A cash flow representing the expected expenditure spread and including contingency for the
expenditure is shown in TABLE 12 below.

TABLE 12 - PROJECT EXPENDITURE SPREAD

Estimated Cost 2017/18 ‘ 2018/19 |
PIP 8.3 ($ nominal) 2,000,000 4,100,000 6,100,000
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Project base costs (real 2017/18 $) 1,000,000 2,240,000 3,240,000

Project costs ($ nominal ) 1,000,000 2,300,000 3,300,000
Contingency ($ nominal) 100,000 220,000 320,000
Total project costs ($) ] 1,100,000 \ 2,520,000 | 3,620,000

8.0 RECOMMENDATIONS
It is recommended that:

e Preliminary Gate 2 approval of $3.6 million is granted for the replacement Transformers 1
and 2 at Prospect ZS as detailed in this business case;

The capital project amount comprises a base cost of $3.3 million and a contingency allowance of
$0.3 million.

9.0 REFERENCES
1. NSW Industrial Noise Policy — NSW Environment Protection Authority (EPA 2000).

2. Protection of the Environment Operations Act 1997.

10.0 APPENDICES

APPENDIX A : ASSET CLASS CONDITION POWER TRANSFORMERS
APPENDIX B : PROSPECT ZS SUPPLY ARRANGEMENTS

APPENDIX C : PROSPECT ZS SINGLE LINE DRAWING

APPENDIX D : DETAIL COST ESTIMATE

APPENDIX E : NOISE REPORT

.....................................................................................................................................................................
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Abbreviations

A Amp - B
BSP Bulk supply point - -
CLF Central logistics facility o
DBDS Dibenzyl disulphide, a reactive sulphuric compound present in some transformer oils
DBPC 2,6-di-tert-butyl-paracresol, a synthetic oil inhibitor
DBP 2,6-di-tert-butyl-phenol, a synthetic oil inhibitor -
DDF Dielectric dissipation factor
DGA Dissolved gas analysis - .
DLA Dielectric loss angle
DNSP Distribution network service provider B
DP 'Degree of polymerisation of the paper insulation -
FSC Field service centre -
IR Insulation resistance
OLTC On-load tap changer
PD Partial discharge - N
PDC / FDS Polarisation de-polarisation current — frequency domain spectrometry -
Pl Polarisation index
SARP Strategic asset renewal plan = a
TNSP Transmission network service provider (TransGrid)
TS Transmission substation -
> Transformer o -
\% Volt - B
Z8 Zone substation

Definitions

Guide asset life

Also known as design asset life; 45 years, based generally on the standard asset
lives in accordance with NSW Treasury — Valuation of Electricity Network Assets.
From Company Policy 9.2.5. — Network Asset Design.

Planned asset

50 years; the age considered in financial modelling as the appropriate age for power

lifetime transformers based on industry experience.
End-of-life category 1: transformers considered beyond a minimum condition
EOL1 . , . Y
considered appropriate for continued service in the network
Nearing end of life category: transformers considered no longer meeting a minimum
EOL2 health and are at heightened risk of failure and require planned replacement in the
short to medium term
Monitor and assess category: units showing early deterioration of health or units
M&A beyond a given age that are expected to be of poor condition but may not show
signs of poor health that require particular focus to gain confidence in their health
and future decisions.
L]
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1.0 Executive summary

There are currently 454 in-service power transformers in the network. The average age for an in-service
power transformer is 24.8 years. The age profile is characterised by three major investment cycles — the
most recent between 2000 and 2014 (228 units); between 1976 and 1988 (85 units) and between 1963 and
1974 (93 units). There are also 39 units that have reached or surpassed the end of the planned asset
lifetime.

The average health of the fleet is shown in the figure below by age group. The boxes indicate the standard
deviation of the age group health (£ 1 o) and the line indicates the median health of the age group. The
whiskers indicate the highest and lowest health transformers of the age group. While age group is
statistically reflective of health, the older age groups have proactive works to reduce the number of poor-
health transformers through replacement programs.

Table 1 — Power transformer asset condition profile

Asset health index 59% 79% 99% 100% 100%

100% = = ~ ~ ' - - =
90% ’ l !
80%
70%
60% J

50%

40%

Asset health score

30%

20% i,
10%

OOA) T T 1
<1955 1955-1965 1965-1975 1975-1985 1985-1995 1995-2005 2005-2015 2015-now
Age group

The main risk to power transformers is the degradation of the insulating mediums within the transformer,
which can cause electrical fault damage to internal components; or mechanical damage from the physical
movement that result from an electrical fault. The two types of insulation in transformers are paper
insulation of the windings and mineral oil in the main tank. Mineral oil deteriorates from exposure to heat,
moisture and air. Similarly, paper insulation also degrades due to exposure to heat and moisture.
Therefore, the risk of oil leaks, moisture ingress and overheating of the transformer are considered major
risks to the asset health.

In the last 10 years, there have been 13 power transformer failures in the Endeavour Energy network with a

median age of the unit at time of failure of 44 years. 30% of the failed units were large power transformers
used at Transmission Substations which are over-represented on a per unit basis.
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There are emerging risks in the high proportion of ageing 60MVA and 120MVA power transformers,
particularly those inherited from the Electricity Commission of NSW transmission substation sites.
Transmission Substation power transformers are of high significance to the reliable supply of electricity to
customers. The power transformer at the transmission substation therefore is intrinsic to the supply security
of all the zone substations and high voltage customers connected to the transmission substation. Further,
given the nature of lower manufacturing capability, longer [ead times, cost and staging impacts, such power
transformers require particular focus so that targeted actions such as mid-life refurbishment, oil leak repairs
and oil regeneration / replacement will maintain the health of a transformer.

There is a short to medium term need to address the large power transformer units not only on condition
but also due to their criticality in supplying power to zone substations downstream. This is a significant
financial investment and units are prioritised according to asset condition, site criticality and condition of
units on the same site.

The current health assessment index and risk rating for the fleet of transformers outlines 3 target groups for
which remedial actions can be undertaken to maintain the health of the transformer, or to schedule for
replacement. These groups, as defined in Section 4.2, are the EOL1 End-of-life group (1 transformer);
EOL2 Nearing end of effective life (33 transformers) and potential risk - M&A monitor & assess (21
transformers). There are additional strategies to continue to achieve ongoing asset performance or address
emerging risks particularly around the management of insulating oil quality as well as leaking transformer
risks.

A summary of the power transformer asset class condition assessment recommendations is as follows:

Table 2 - Recommended actions for the power transformer asset class

End of life (EOL1)

(Section 4.2.1) » 1 transformer, Nepean TX 3, prioritised for replacement in 2017/18
e 32 transformers in the EOL2 group
e 17 to be considered for replacement
Nearing end of life (EOL2) e 7 units were identified to have DP tests carried out in FY 2017/18
(Section 4.2.1) » 9 units will be monitored for any further deterioration and assessed
further in 17/18 FY; if deterioration occurs, the units will be
programmed for replacement.
Potential risk = monitor and » 3 transformers that are scheduled for DP testing in 2017/18
assess (M&A) + 18 to be monitored for change in condition and elevation to EOL2 if
(Section 4.2.1) health score deteriorates.
Oil leaks and refurbishments o 11 transformers to be refurbished to repair oil leaks and maintain
(Section 4.2.2) transformer health
Poor oil quality — oil
regeneration or replacement + 6 transformers identified for oil regeneration or replacement

(Section 4.2.3)

DBDS risk - oil passivation

(Section 4.2.4) s 15 transformers to be dosed with oil passivators to treat DBDS risk
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2.0 Introduction

21 Scope of this document

This report provides a current asset class condition summary of power transformers in the Endeavour
Energy network and recommendations for the ongoing asset management of the associated fleet.

The asset health index provides a quantitative indication of the overall asset fleet and key asset for
consideration of replacement. Additionally, particular individual determining factors are also assessed
outside the health index to determine appropriate refurbishment or renewal strategies for assets based on
defined limits. Namely, this report will provide:

e prioritised asset replacements based on known asset health

o further investigation on assets with expected poor health but not indicative in the health index

e assets identified for non-routine repair or refurbishment

e details regarding the monitoring of assets showing deteriorating trends in health outside the
expected health deterioration rate

This document also identifies potential deficiencies and future work in obtaining more reliable health data to
continually improvement decision frameworks for the asset fleet.

2.2 Asset class profile

Power transformers can be classified by voltage, size and age. A summary of the current in-service fleet by
primary voltage and age is provided below.

Table 3 - Asset class profile by age and primary voltage

22kV o 2 0o 0o 3 1 o 0 0 0 0
33KV 30 43 43 8 6 10 15 22 16 34 19 3
66KV 1 6 1M o0 4 5 15 2 6 1 2 7
132k 1 30 3 7 7 6 4 5 10 8 0
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80 |
70
€ 60
S = 132kV
1]
S 901 ' . 66KV
[= X ’
& 40 i W " 33KV
m B 22kV
30 — ! | ) L
| | .i | || - - ) .
20 1 ! ‘ ' =i T | A
W B & B B [
104{ M | B | - EEER
1 | | | | B B B |
0 . : i | . { L ' b el )
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-55 over
Age 55
(1]
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The average age for an in-service power transformer is 24.8 years. The age profile is characterised by
three major investment cycles — the most recent between 2000 and 2014 (228 units); between 1976 and
1988 (85 units) and between 1963 and 1974 (93 units). There are also 39 units that are >50 years old and
reaching the end of the planned asset lifetime.

Note that, due to the lack of nameplate information for some older transformers and also the use and
movement of spare transformers, the commissioning date and/or profile date (e.g. the estimated
manufacturing date of transformer) is used where there is no manufacturing date recorded in Ellipse.

Transformer size is important as it is the major factor in the estimated cost of a transformer as well as its
potential consequential loss of load if subject to failure. The most prevalent transformer size is 25 MVA
(135 units), as well as 71 units rated at 35 MVA and 48 units rated at 45 MVA; these units form the bulk of
the transformer population in zone substations. There are 72 units sized at 60 MVA and 120 MVA and
these are used in transmission substations to distribute electricity from the TNSP BSPs to zone
substations. Also, there are a total of 116 units rated at 20MVA and below.

Table 4 - Asset class by size MVA and primary voltage

160
140
120 | e
||I o
100 | |
c
% b = 132kV
3. - u 66KV
s | % 33KV
= . 22kV
8
40
20 % . .| i

5 75 10 125 15 175 20 225 25 30 35 45 55 60 120
Size MVA

23 Input / output summary and process overview

The conditional assessment of power transformers was generated in accordance with SMI161 — Asset
Health Index which is a collation of data from various systems including the corporate asset management
database, transformer oil database and electrical test reports (forms), as well as information from Regional
staff and ad-hoc inspections. A summary of the inputs and process described is shown below.

Page 8 of 42 | Asset Class Condition Assessment oD Endeavour
% ¢ .- Energy



2.31

RCM / FMECA outputs

Age group

Functional groups

Identification of units for oil
regeneration (PAE 1032)

Oil database (GNV1093.X)
(2 yearly sampling)

Defect identification

)

SMI 161

(6 monthly inspections)

Electrical test results
(7 yearly overhaul)

Asset Health Index

__

Prioritised assets for
replacement

Prioritised assets for
refurbishment

Assets requiring internal
diagnostics for decision

Oil leak rates
{OWS maintenance etc.)

A

Other identified issues
{visual inspection, maintenance
costs etc.) ad-hoc

Figure 1 — Summary of the power transformer condition assessment process

Health index

There are 16 factors from various data sources that feed the health index for the power transformer asset
class weighted by significance. The inputs are provided in the table below. While the overall health index
provides a benchmark for asset replacement decisions, a number of key factors within the health index in
isolation are considered, such as paper age, dissolved gas analysis and oil quality that warrant individual
decisions to manage the long-term age of the assets. These are described in more detail below.

Table 5: Health index formulation

# Condition Weight Condition Factors Maximum
Criteria (W) Rating (S) Score (T)

a0l Bushing extemal 1 AB,C,D,E |4,321,0 4
condition

Bg| Main tank and 1 AB,C.D.E | 43210 4
control cubicle
Conservator,

3 | Radiators and 1 A B CDE 4,3,2,1,0 4
cooling system
Overall

4 | transformer 1 A B CDE 4,3,2,1,0 4
condition

. 0%,
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# Condition Weight Condition Factors Maximum
Criteria (W) Rating (S) Score (T)
S ieiniChance 1 A B CDE |43210 4
history
DGA oil analysis 11 A B, CDE 4,3,2,1,0 44
7 | Furan oil analysis 58 A B C D E 4.3,2,1,0 232
Transformer
8 | winding 2 A B, C D E 4,3,2,1,0 8
resistance
9 :[I'er:tnsformer ratio 1 A B,CDE 43,210 4
10 L”:‘t”Sformer DDF 1 AB,C.D.E | 43210 8
11 tHe\s/tB“smng DDF 5 AB,C.D.E | 43210 20
12 {-e\;tB“Sh'”g DDF 2 A B,CDE |4321,0 8
13 | Insulation 1 ABCDE |43210 4
resistance
14 | Oil quality test 3 A B,CDE 4,3,2,1,0 12
OLTC control
15 | cubicle and 6 ABCDE |43210 24
mechanism
components
16 | Overall OLTC 4 AB,C.D.E | 43210 16
condition
100 400
23.2 Paper strength (age)

The paper strength of the solid insulation provides a true indicator to the thermal age and therefore future
risk of a power transformer asset to continue to sustain load and through fault currents toward end-of-life.
Paper strength is measured through the chemical analysis of the polymerisation (DP) which is an integer
indicating the average length of the cellulose molecule as a proportion of the shortest cellulose component
within that chain. Alternatively as the paper decomposes within the power transformer due primarily to
temperature and moisture condition, decomposition products are developed which include furanic
compounds (2-furfuraldehyde, furfuryl alcohol, etc.), as well as gasses CO, CO; and liquid H,O. These
conditions are monitored at minimal cost on a 2-yearly basis for all power transformers in Endeavour
Energy’'s network based on GNV 1093.2. Equations are used to correlate the above decomposition
products to the paper strength.

There is a direct relationship between the DP and the mechanical strength of the paper. A low DP value
indicates paper that is brittle and will break under mechanical load (due to sudden changes in electrical
load either through network change-over or ongoing through fault operation). The end-of-life is typically
considered when the DP is in the order of 150-200 whereas some experts consider paper strength in the
order of 450 warrants changes to operating conditions due to the limited short circuit strength of a
transformer thereafter.

There are some units in the network that show relatively low DP which does not correlate with the known
loading history and age of the unit. Conversely, there are units that are relatively young in age and although
loaded above average show a furan development rate which is indicative of a unit that is nearing end of life
prior to expectation. Such units are identified for direct DP sampling or other diagnostic means to make
future asset management decisions. These units are recommended in the conclusion of this report.
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2.3.3 Dissolved gas analysis and oil quality measures

Oil testing results, which are used to score criteria such as oil quality and dissolved gas analysis (DGA), are
entered into an oil database by laboratory staff in accordance with GNV1093.1. DGA provides a method
based on combustible gas development of the liquid insulation under localised or distributed higher
operating temperatures, and based upon a number of ratios and magnitudes of the given gasses this can
be related to the type of electrical fault, and the rate of gas generation can indicate the severity of the fault.
Such information can identify units for preventative maintenance or conditions that warrant replacement of
the units based on an assessment of costs.

While the overall health index will drive key replacement decisions, a number of other units are identified as
detailed further in Section 4 of this report based on key risk factors:

1. Units that show the high potential and severity of electrical faults by DGA are identified for further
diagnostic testing. These may indicate an asset that requires more immediate non-routine
preventative maintenance or further expert advice.

2. Additionally based of oil acidity and conductivity which can cause ongoing degradation of the
transformer and reduced thermal capability, and where economical to do so, units may be identified
for oil regeneration for the extension of life of the asset. This is detailed in PAE 1032 - identification
of transformers for oil regeneration.

3. Units identified that contain high moisture content in the oil identified through oil sampling are
assessed utilising polarisation depolarisation current / frequency domain spectrometry analysis to
verify moisture content. This may result in a program of on-site oil drying through local heat
application, oil-regeneration under heat condition or in some circumstances vacuum drying.

234 Maintenance history and increasing maintenance costs

Defect work orders are analysed for each unit and maintenance costs monitored to asses growing financial
and asset risks associated with power transformer assets. Units that require significant non-routine
maintenance are assessed on economic value on a case-by-case basis to determine whether the non-
routine maintenance activity is justified. Section 4 of this report details one particular unit that requires
significant cost to return to suitable service and is recommended the assets removal in this regard based
on an assessment of site management and capacity analysis.

2.3.5 Environmental incidents and oil leaks

Power transformers contain mineral oil, which forms part of the electrical and thermal insulation systems;
larger units can contain volumes of mineral oil in excess of 20,000L. Over time, the gaskets and seals on
transformer pipes, valves and joints will deteriorate and there is a potential for oil leaks to develop. Another
avenue for oil leaks to occur is through corrosion of metal surfaces such as the radiator fins, allowing oil to
escape from rust holes.

When a transformer is leaking oil to the outside, it is also allowing moisture to transfer to the inside. This is
particularly evident in rain and storm events where the transformer will cool down quickly and the pressure
inside the tank drops, sucking in the moisture from the outside of the transformer.

Moisture is one of the major contributors to the ageing and degradation of the power transformer insulation
system, degrading both the solid paper insulation and mineral oil. Moisture content in mineral oil
accelerates the oxidation of the oil which results in acidic compounds that absorb into the solid paper
insulation and further accelerate the ageing process. The breakdown of the oil also creates sludge, which
sticks to and coats the metallic surfaces and solid paper insulation. This sludge affects the heat transfer
from the winding to the oil, increasing the temperature of the winding.

The acidic compounds further accelerate the chemical decomposition of the paper as well. Increased
moisture content in the paper insulation drastically reduces the dielectric breakdown strength, creating the
potential for a flashover inside the tank. The degree of polymerisation of paper is a primary indicator of the
health of a transformer and once the paper insulation degrades, it cannot be rehabilitated.
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Transformers are housed in bunds, which help contain oil leaks. Oil water separators allow storm water that
accumulates in the bund to be released, while still retaining any leaked oil from the transformer bund.
However, they can only hold roughly 100L of oil before they need to be emptied; otherwise the excess oil
may overflow through the stormwater drainage system. With large leak rates of oil the oil water separator
becomes less effective at filtering out the mineral oil and will output some mineral oil through the water
drain valve. Any unplanned leak, spill or release of oil into the air, water or land from an Endeavour Energy
premise, asset or worksite is reported as an environmental incident.

In September 2015 an investigation into leaking power transformers in Northern Region was undertaken
following a number of environmental incidents. The environmental incidents include oil leaks outside of the
bunded areas, into basements and in some cases leaving oil sheens on stormwater outlets.

The environmental incidents that prompted the investigation are listed in the following table for the period
August 2014 to August 2015:

Table 6 - Previous environmental incidents due to oil leaks

e R S

Py In August 2015 following a significant rainfall event, oil sheen was detected
SIS in the stormwater outlet adjacent to the substation

On the 5" of August 2014 oil was observed leaking from the transformer
bund. The spill response contractor was engaged to periodically clean the
leaking bund. The transformers from Parramatta ZS have now been
disposed

On the 24" of February 2015 an employee visiting the TS identified
unsealed control cable from transformer (TX1) bund had entered

Parramatta ZS

bR T stormwater drains outside of the bund. All stormwater drains leading offsite
were inspected and no oil had escaped from the site
th . ] . .
Camellia TS On the 18" of March 2015 an oil water separator service technician

identified a minor leak from TX 2 bund onto adjacent driveway

On the 13" of April 2015 Core IS were completing oil water separator
Kingswood ZS maintenance at Kingswood ZS. They have reported oil staining on the
outside of the bund indicating that the bund is leaking.

On the 23" of April 2015 Oil/water separator service technician identified a
Cranebrook ZS minor leak from the transformer bund and staining was visible outside of the
bund

In addition to the environmental incidents, a list of high leak rate transformers were identified which

required excessive oil water separator servicing. This list is attached in Appendix E. These transformers are
all located in the Northern Region; there were no transformers in the Central or Southern Regions with the
same levels of oil leakage. This is due to a legacy of reactive maintenance on Northern region power
transformers and the focus has now shifted to condition based asset management.

Where there is no alternative future strategy for replacement or significant refurbishment activity,

transformers identified with excessive oil leaks will be scheduled for repairs to continue to contain effective
service.
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2.3.6 DBDS - dibenzyl disulphide risk

Corrosive sulphur has been identified as a serious problem in the electrical industry since 2000. It has been
established that transformer oils contain reactive sulphur compounds such as dibenzyl disulphide (DBDS),
which react with copper to form copper sulphide on the surface of the conductors and more significantly on
the paper insulation. DBDS is classified as the key corrosive sulphur compound as it is present in the
highest percentage of corrosive transformer oils, which degrades the insulation and can lead to premature
failure of transformers. DBDS was commonly used as an oil inhibitor in the 1990’s until the effects were
later understood.

In order to mitigate the risk of copper sulphide deposition on paper insulation, there is a need to add a
metal passivator the transformer oils contaminated with DBDS. Such processes have been applied on a
number of units in the network already over the past couple years.

Current industrial practice and mitigation techniques are either directed at transformer winding or
transformer oil in the following manner:

* Techniques that relate to transformer windings include load reduction, improved cooling and
addition of metal passivators. These techniques only suppress the reaction that forms copper
sulphide and do not permanently solve the issue of corrosive sulphur and therefore need to be
continually monitored and controlled.

e Techniques directly associated with the transformer oil itself include oil change and oil treatment.
These can help to eradicate corrosive sulphur permanently from oil given that copper sulphide is not
already deposited in the active part of the transformer as then elimination of corrosive sulphur from
transformer oil does not eliminate the risk of failures due to copper sulphide formation on the paper.
Eradication of corrosive sulphur from transformer oil here means that its concentration is found to be
< 5 ppm, in which case the 0il is declared non-corrosive.

Metal passivators that are commonly used in the industry include Irgamet 39 and Nypass. The
recommended concentration of passivators in transformer oil is 100 ppm. In order to gain maximum
efficiency from metal passivator, it should be added to units filled with new and highly refined oil. Significant
levels of passivator gets absorbed into the paper insulation and other cellulose materials, which is one
factor in its depletion from oil. As suggested in various technical papers, the passivator loses its efficiency
and depletes at fast rates from old and ageing oils due to the presence of hydro-peroxides, acids and high
temperatures.

Absorption of metal passivator in the paper seems to provide some protection against copper sulphide
deposition and by acting as a reservoir for copper conductors; however this protection is short-lived in old
and ageing oils that contain oxygen and oil ageing products. Further, the addition of metal passivators is
correlated with an initial increase of hydrogen gas formation but it is expected to diminish after a certain
period. Thus, elevated levels of hydrogen in a DGA after passivation may lead to inaccurate conclusions
and will be monitored accordingly.

2.3.7 Oxidation inhibitors

The ability of mineral electrical insulating oil to withstand oxidation under thermal stress and in the
presence of oxygen and a copper catalyst is called oxidation stability. Oil oxidation leads to the breakdown
of the mineral oil and these acidic by-products accelerate the ageing of the mineral oil and paper insulation
of the power transformer. Refined mineral oils contain, to a varying degree, natural compounds acting as
oxidation inhibitors. These are known as natural inhibitors. Oils containing only natural inhibitors are
designated as uninhibited oils.

Synthetic oxidation inhibitors can be added to enhance the oxidation stability. In transformer oils, mainly the

phenolic type is used and the common and generally accepted compounds are DBPC and DBP. All new
Endeavour Energy transformers and selected transformers prior to 2014 have inhibitors added to their oil.
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The efficacy of added inhibitors will vary with the chemical composition of the base oil. Inhibited oils have a
different oxidation pattern compared to uninhibited oils. At the beginning of service life, the synthetic
inhibitor is consumed with little formation of oxidation products. After the inhibitor is consumed, the
oxidation rate is determined mainly by the base oil oxidation stability. When the concentration of inhibitor is
reduced, there are three options, namely:
a) re-inhibition of the ail to the original value of inhibitor concentration, if other parameters show a low
degree of ageing;
b) if the oil is in poorer condition, reclaim and inhibit to original concentration;
¢) continue to use the oil but at low inhibitor concentrations, typically 0.05 %, increase the frequency of
sampling.

The limits for inhibitor testing are stated in SMI 103 and conform to IEC 60666. The inhibitor content should
be monitored at regular intervals, however it has been identified that inhibitor testing is implemented
sporadically at Endeavour Energy and it is complicated by the fact that an external contractor tests for the
inhibitor content. Furthermore, the Ellipse nameplate information does not accurately reflect whether a
power transformer did or did not have inhibited oil when commissioned. This has led to an identified gap in
inhibitor testing and the risk is that some transformers with inhibited oil are not being tested for inhibitor
level.
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3.0 Asset class risk and maintenance

3.1 Introduction

Power transformers form the backbone of the electricity distribution network, taking power from BSPs and
transferring the power through transmission and zone substations to local feeders. As such, they are the
primary focus of infrastructure spending for transmission and zone substations, due to their cost and
extensive associated infrastructure (bunds, blast walls, cabling, busbars etc.).

The main risk to power transformers is the degradation of the insulating mediums within the transformer,
which can caused electrical fault damage to internal components; or mechanical damage from the physical
movement that result from an electrical fault. The two types of insulation in transformers are paper
insulation of the windings and mineral oil in the main tank. Mineral oil deteriorates from exposure to heat,
moisture and air. Similarly, paper insulation also degrades due to exposure to heat and moisture.
Therefore, the risk of oil leaks, moisture ingress and overheating of the transformer are considered major
risks to the asset health.

If a power transformer was to fail, there are several key consequences that make this a heightened risk
scenario. Firstly, as it is one of the higher upstream components of the electrical distribution network, there
is a large magnitude of electrical energy that is released during a fault. This manifests as arcing damage or
flashovers to grounded systems as well as mechanical damage through mechanical torsion and explosive
pressure release from expanding mineral oil. Furthermore, the mineral oil can ignite, which would cause a
serious fire that significantly affects other substation equipment such as circuit breakers, instrument
transformers and other transformers.

Apart from the safety risk to staff and members of the public in close proximity to the substation and
equipment loss, the loss of a power transformer reduces the reliability of a substation, especially if another
power transformer onsite is undergoing maintenance. This could also impact supply to downstream
substations and distribution feeders, as operators are unable to switch around loads fed from the failed
equipment.

Table 7 - Power transformer age profile by age and size
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It has also been identified that there are a group of 10 120MVA transformers approaching the end of
planned asset lifetime and due to their size, will require extensive investment and logistics management to
replace. However, by monitoring and managing the assets’ conditions, replacement programs can be
staggered over successive financial years to reduce the risk of unplanned in-service failure and impact to
network reliability.

3.2 History
3.21 Failures

In the last 10 years, the following power transformers have failed in service, or suffered faults in service and
were later withdrawn:

Table 8 - Recent power transformer in-service failures (last 10 years)

Transformer - Failure mode Failure year Cause

Kemps Creek TX 1, 33kV Winding failure 2007 Age degradation

South Nowra TX 1, 33kV ?  Winding failure 2007 Internal fault

Warragamba TX 2, 33kV 46 Failed 2ty | DR (e PSR el
conducted)

Appin TX 1, 66kV 24  Failed 2008 Partial discharge

Guildford TS TX 3, 132kV 52 Internal fault 2009 Age degradation

Inner Harbour TX 3, 33kV 47  Winding failure 2010 Age degradation

Baulkham Hills TX 2, 132kV 46 High post-fautt DGA 2012 (E?—_LpTth*—;‘gh fesistance on__

South Granville TX 2, 33kV 44  Tapchanger failed 2012 Failure of OLTC insulation

Lithgow TX 2, 66kV 31 Egrt‘e‘z?'“ audjiaied 2013 Partial discharge

. Potential manufacturing

Bow Bowing TX 3, 66kV 35 Internal fault 2014 dafait IV windlnig Bty

West Wollongong TX 3, 33kV 12 Internal failure 2014 Pptent|ally msuffyqent Y
withstand capability

Luddenham TX 2, 33kV 12 LV winding failure 2017 Under investigation

The main failure type for in-service power transformers is winding failure, through degradation of the
winding insulation. They fail due to the electrical stress of an external fault, or from deterioration of the
paper insulation due to moisture content in oil, elevated operating temperatures / high loading and
manufacturing imperfections.

Of the failures, two power transformers failed less than half way into their planned asset lifetime. The first,
Appin TX 1, was withdrawn from service due to high hydrogen levels after a Buchholz trip. This was caused
by partial discharge. There is another sister unit in service, Wentworth Falls TX 1, however this unit does
not have the same issues as Appin TX 1.

The more recent failure, Luddenham TX 2, is yet to be examined in depth however it has an uncommon
aluminium foil winding construction for the LV windings. There are only two more units of the same
construction in service, which are also sister units, Luddenham TX 1 and Cattai TX1 and they do not have
any issues thus far.

3.22 Past investment approach
A number of programs and initiatives to manage the asset failure risk for power transformers were carried
out in the past. Namely:
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o TS001 /TS600 — power transformer replacement
o TS017 — power transformer refurbishment
e TS018 — transformer oil replacement

These programs were proposed and managed through the SARP in previous years, to address the
condition degradation of power transformers and associated assets to reduce the risk of unplanned failure,
increase network reliability.

The power transformer replacement program, TS001/TS600 focussed on replacing end-of-life transformers,
either due to age or conditional degradation. Previously, this was based on the condition of the paper
insulation (using DP samples) or analysis of furan levels. Moving forward, the assessment criteria for the
replacement of power transformers will include all the factors detailed in SMI 161 Section 3, to incorporate
as many facets of the transformer’s asset health and operational history as possible.

TS017 — power transformer refurbishment was a program that provided mid-life refurbishment of power
transformers, so that it would achieve its full life expectancy. Selection of transformers for refurbishment
was influenced by the age, condition and maintenance history of the transformers.

Asset class condition assessment will continue to identify transformers to be refurbished, based on cost-
benefit analysis of keeping the unit in service versus the remaining depreciated life of the asset.

The scope of the power transformer oil replacement program, TS018, was to replace or regenerate poor
quality oil in power transformers identified through routine oil testing. Oil is subjected to heat, moisture, air,
electrical stress and a host of other factors and the quality of the oil is an indicator of the overall health of
the transformer. In the future, power transformers will be identified for oil regeneration and replacement,
based on the oil quality and DGA results.

The program for noise attenuation in ZS and TS, TS026, was initiated to address issues relating to noisy
transformers and their compliance with environmental noise regulations. Some substations are sited within
residential areas and residential development has occurred around older substations and with that, there is
a possibility that nearby residents will complain about substation noise. While this issue relates to power
transformers, it was driven by environmental compliance rather than asset condition and will be managed in
the future through specific programs as required.

3.3 Key maintenance tasks for the asset class

The standard governing the maintenance of power transformers is SMI155 and the intervals are contained
in SMI100. There are three types of routine maintenance carried out on power transformers, which are:

e 6 monthly inspections

o 2 yearly oil tests

e 7 yearly major overhauls

The 6 monthly inspections comprise of visual inspections tasks and operational checks, which are carried
out as part of the 6 monthly substation inspections or before commencing a major overhaul. The tasks
undertaken during the 6 monthly inspections are:
e Visual inspection of external condition of power transformer components, to note any damage or
deterioration to transformer components.
e Operational checks of the cooling pumps and fans

Oil testing frequency is specified in SMI 100. In the case of new power transformers, an oil test is
conducted every 4 months for the first year, then 12 monthly until the end of the warranty period. After the
warranty period, all power transformers are tested at 2 yearly intervals. The following oil tests are carried
out:
e Furan analysis
o QOil quality
DGA

o % Endeavour
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Major overhauls of power transformers are carried out every 7 years, along with the major overhaul of tap
changers. The major overhaul tasks are:
e Visual inspection tasks as per 6 monthly inspection
o Transformer signature tests:
o IRandPI
o Winding DDF and bushing DDF
e Cleaning of bushings and insulators
Operational checks of heaters and cooling system
* Inspection of control wiring and terminations

Additionally, the tapchanger overhaul is conducted concurrently with the power transformer major overhaul
or on number of operations in accordance with SMI151 and DC winding resistance test carried out.

The annual per-unit and total costs for maintaining power transformers is listed in the following table. Noting
this does not include the 6-monthly substation inspection task:

Table 9 - Summary of maintenance task costing

Maintenance Task Annual cost (per unit) | Total annual cost

2 yearly oil test $100* $45,400*

7 yearly power transformer major $544 $247.106
overhaul '

1 yearly tap changer carbon drain $3,010 $162,540

7 yearly tap changer major overhaul $509 $168,526

7 yearly tap changer major overhaul~ o 8B4 ) e e SE0I963 s

(Reinhausen - internal)
7 yearly tap changer major overhaul
(Reinhausen - external)

* The oil test cost does not include the cost of managing and maintaining an oil laboratory at Springhill
which primarily tests oil for power transformers.

$2,340 $138,043

Spares are managed through an essential spares process detailed in GAM 1096. This includes spare
power transformers of various sizes and voltages at key depots such as Mt Druitt TS and Springhill TS.
Also, essential spares such as high voltage bushings are stored at FSCs and the Glendenning CLF.

For oil leaks, the calculated costs for topping up lost oil and maintaining the oil-water separators are
estimated below:

Table 10 - Summary of oil leak maintenance costing (per unit, per annum)

Maintenance Task Task cost (per unit, per annum)

Oil-water separator maintenance (6 monthly) $2,500
Topping up oil (labour) $300
Oil cost (100L.) $350

For a unit such as Hawkesbury TX 1, which was leaking 1100L of oil per year in 2015, this approximates to
an additional $10,000 per year in additional maintenance costs. Units with heavy oil leaks, including this
example are identified in Section 4.2.2 for refurbishment programs to repair the oil leaks.
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3.4 RCM and FMECA

Endeavour Energy has adopted the RCM (reliability centred maintenance) process to review the
maintenance requirements for its assets. The process provides transparent and auditable traceability
between the maintenance tasks undertaken on an asset, the functions the asset delivers for the network,
and the related inherent failure modes.

The analysis process utilises a quantified failure mode effects and criticality analysis (FMECA) combined
with reliability centred maintenance (RCM) approach. The underlying algorithms for determining optimum
task periods for ‘on condition’ and ‘failure finding’ tasks are embodied within a RCM program called MIMIR.
This ensures that only tasks which are both applicable to the failure root cause and effective in managing
the potential consequences of the failure form tasks in the maintenance schedules/standards developed by
the process. The process above is in alignment with Company Policy (Network) 9.9.1 — Network Asset
Maintenance and methodology prescribed in PAE 1054 — Reliability centred maintenance.

From the RCM analysis, the failure modes that drive the 7 yearly major overhauls are:
e Bushing failure due to insulation degradation
» Winding insulation failure due to insulation degradation
e Cooling fan failures due to internal faults

On-load tap changer (OLTC) are another risk and there have been in-service failures of power transformers
due to the OLTC failing. While maintenance of the OLTC is carried out simultaneously with the power
transformer major overhaul every 7 years, it was analysed as a separate asset class and will be examined
in a separate asset condition class report.

FMECA concluded that not all failures can be detected early using condition monitoring. For example, the
condition of the Buchholz relay cannot be assessed via the oil and electrical testing and therefore, as a
minimum, requires routine checks to ensure that it is operating correctly. Periodic testing and maintenance
tasks are still required and are carried out during the scheduled maintenance tasks.

341 Site criticality

Site criticality is a factor in determining the priority of transformer replacement. While a particular asset may
be in poor condition, the location of the substation, operational profile and the condition of the site’s other
transformers are also weighted to produce a site criticality score. A list of these factors is:
e Proximity to nearby structures (safety) — proximity to residential or commercial infrastructure
* Types of load (reputation) — Number of life support customers, HV customers and total load loss
o Potential reliability impact (reliability) — Number of potential customers lost and loss of operational
capability to feed downstream sites.
» Proximity to sensitive environments (environment) — proximity to national parks, wetlands and other
environmentally sensitive areas.
» Asset value (financial) — Cost to repair/replace asset, including installation costs

3.4.2 Failure rates and defects

The failure rates for power transformers are contained in Appendix F. There is no abnormal failure rates
observed compared to industry.

3.5 Data and system compliance gaps
3.51 Equipment compliance

The current equipment information shortfall for power transformers is the lack of online condition monitoring
equipment. The most frequent maintenance tasks are the 6 monthly inspections and 2 yearly oil tests,
which do not provide real-time assessments of the transformer’s condition. While DGA is capable of
detecting some internal failure modes pre-emptively, these tasks are generally reactive and provide
conditional assessment only after a power transformer suffers damage.

2@
Page 19 of 42 | Asset Class Condition Assessment 8" %, Endeavour
d
L]

Energy



This was a finding from the FMECA, however due to the size of the power transformer fleet and cost of
online monitoring equipment, it is not cost-effective to install on all power transformers. It is proposed that
existing data sources, such as equipment loading information and oil temperature be investigated to see if
they can be leveraged to provide more currency on condition assessment of power transformer health and
whether that can augment the monitoring of poor health transformers. This is useful especially for units in
the Monitor & Assess (M&A) range, where extended periods of overheating or overloading could further
deteriorate the condition of power transformer. This will enable the Substation Assets group to proactively
re-prioritise power transformers to either replace or repair units that have deteriorated, or to delay
refurbishment activity on monitored transformers if their health is stable.

Another benefit of online condition monitoring is that, if pre-emptive signs of failure are detected, an
unplanned outage can be avoided or minimised. Even a short unplanned outage on a Transmission
Substations power transformer can cause millions of dollars in STPIS penalties and for a comparatively
small investment in research and development to improve existing data systems, online condition
monitoring is a cost effective solution.

3.5.2 Data compliance

Currently, the main issue with compiling data for the asset health condition of power transformers is that
streams of data are deposited into separate databases, with no native connectivity between these sources.
The following table shows the data stream and database of the sourced information:

Table 11 - Sources of data input for asset condition assessment

Transformer nameplate data Ellipse

Work order history Ellipse

Oil test results Access database
Electrical test results G:\EE Maintenance

This presented issues when compiling the data for the health assessment, as all the different data sources
had to be exported to a common format (Excel), matched by equipment number and then ranked and
processed. Multiple sort and move operations increase the likelihood of mistakes being made when
analysing the data. Additionally, there are some minor discrepancies between the Ellipse asset
management database and other data sources, due to operator error when entering nameplate details. In
this instance, the Ellipse database information was preferred and in some instances, the actual transformer
nameplate was sourced to correctly ascertain this information.

Another issue was the currency of status for transformer nameplate data. As the asset management
database is not linked at all with the oil test database, tracking of spare or replacement transformers is not
consistent. Due credit is given to the regional field and oil testing staff, who do correctly assign test results
to the transformer serial number, which is traceable even if a spare transformer is placed in service. Moving
forward, the regional staff collecting the oil must notify the Substation Asset group if a spare unit is put into
service and disclose the nameplate details of the spare transformer. They will also update both Ellipse and
the oil database to reflect the change in transformer status. in turn, the Substation Assets group will
regularly audit the oil database and ensure that the information is consistent with the Ellipse database.

There is an information gap identified for certain sections of the electrical test history for power
transformers. As seen in the table below, some electrical test results are not accessible due to either
corruption of files or being stored in the incorrect format (e.g. as pdfs, docx, tif).

2%
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Table 12 - Summary of data validation for electrical test records

YR e ———

Northern 92% 72%
Central 87% 57%
Southern 86% 42%

Additionally, when compared against Ellipse work orders, it was found that there was a discrepancy
between the two. This indicates that either the related work orders in Ellipse are not being raised correctly
to the power transformer asset or standard job, or that signature tests are carried out without an
accompanying work order. It is proposed that further dialogue be conducted with regional staff to highlight
the importance of data collection and storage, as well as to come up with a bipartisan solution to improve
the quality of data collection.

To address the overall data sourcing issue, it is proposed that a centralised data resource be compiled,
which periodically updates from the each of the identified data sources above.
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4.0 Asset condition assessment

4.1 Introduction

As outlined in Section 2.3, the condition assessment for power transformers was comprised of the following
data sources:
o Transformer oil quality and DGA test reports
Maintenance electrical test reports
Ellipse defect work orders
Input from regional staff
Substation Asset group investigations for oil leakage and corrosive sulphur

4.2 Condition summary

Using health index scoring based on SMI161 Section 3, the fleet of power transformers have been
categorised into 4 groups:

1. End-of-life (EOL1) — Health index score <70

2. Nearing end of effective life (EOL2) — Health index score 70 — 220, or operational age >50 years
3. Monitor and assess (M&A) — Operational age > 50, or conditional issue identified

4. Conditional maintenance (CM) — Health index score >230 and operational age < 50 years

The one transformer in EOL1 is Nepean TX 3 and it has been prioritised for replacement in 2017/18. There
are a further 33 transformers in the EOL2 group, of which 17 will be considered for replacement in the next
SARP for upcoming financial years by the Asset Standards & Design and Asset Strategy & Planning
groups. A further 7 units were identified to have DP tests carried out in FY 2017/18. While the conditional
score for Minto TX 1 was not as low as the other in this group, it was identified as an outlier as its
conditional score was significantly lower for its age group and a DP test will be undertaken to ascertain its
paper insulation condition. The remaining 9 units in EOL2 will be monitored for any further deterioration and
be re-assessed for remedial works in subsequent financial years.

The third group, M&A, contains 3 transformers that are scheduled for DP testing in 2017/18. This is due to
the fact that they have extensive oil leaks. This means that the oil results for these particular transformers
may not be indicative of their conditional health and a direct DP measurement is required. Although
Camellia TX2 is not part of this group, all Camellia TS units have been assessed for site renewal, as
detailed in Appendix A. The remaining transformers in this are to be monitored primarily due to their
operational age and will be re-assessed in future conditional analyses.

Apart from the 4 conditional classes, there were a further 3 groups identified for remediation due to oil
quality issues:

1. OQil leaks and refurbishment

2. Qil regeneration and replacement

3. Qil passivation

The list of power transformers requiring oil leak remediation and refurbishment is contained in Appendix E
and those that didn't fit into EOL1 and EOL2 were listed in Section 4.2.2. This includes Camellia TX2,
which is assessed as part of Statement of Needs for Camellia TS as whole in Appendix A. The other
transformers in this list have satisfactory health index scores and are scheduled for refurbishment to
remedy the oil leaks.

Units identified for oil regeneration or replacement, were identified by their poor oil quality, but acceptable
health index scores and asset age. There are a total of 6 units identified and upon further assessment, they
will undergo either regeneration of their oil using online filtration or complete replacement of their oil. Age
indicators, such as furan analysis, will be recorded prior to oil replacement.

Finally, a group of transformers were tested for DSBS and they are listed in Section 4.2.4. These units will
be dosed with oil passivators to counteract the corrosive sulphur content present in the oil. Further units
may be added to this list if they are found to contain DSBS compounds.
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5.0 Recommendation

5.1 Summary

The conditional assessment of power transformers was generated in accordance with SMI161 — Asset
Health Index which is a collation of data from various systems including the corporate asset management
database, transformer oil database and electrical test reports (forms), as well as information from Regional
staff and ad-hoc inspections.

A number of power transformers were identified as being in poor heaith and these transformers were
classified into 3 groups — EOL1, EOL2 and M&A. A further 3 categories of transformers were also
identified, which had good asset health but issues with their oil quality. These groups were the oil leak
refurbishment group, oil regeneration / replacement group and the oil passivator group. A more detailed
summary of these groups is listed in Section 5.2 below.

It has also been identified that there is an aging group of 120MVA transformers approaching the end of
planned asset lifetime. A total of 10 120MVA transformers are aged 48 years or older and due their size,
will require extensive investment to replace. However, by monitoring and managing the assets’ conditions,
replacement programs can be staggered over successive financial years to reduce the risk of unplanned in-
service failure and impact to network retiability.

5.2 Asset prioritisation / process

A summary of the power transformer asset class condition assessment is as follows:

Criteria / Strateg

End of life (EOL1)

(Section 4.2.1) 1 transformer, Nepean TX 3, prioritised for replacement in 2017/18

e 32 transformers in the EOL2 group
o 17 to be considered for replacement
Nearing end of life (EOL2) e 7 units were identified to have DP tests carried out in FY 2017/18
(Section 4.2.1) » 9 units will be monitored for any further deterioration and assessed
further in 17/18 FY; if deterioration occurs, the units will be
programmed for replacement.
Potential risk — monitor and e 3 transformers that are scheduled for DP testing in 2017/18
assess (M&A) * 18 to be monitored for change in condition and elevation to EOL2 if
(Section 4.2.1) health score deteriorates.
Oil leaks and refurbishments e 11 transformers to be refurbished to repair oil leaks and maintain
(Section 4.2.2) transformer health

Poor oil quality — oil
regeneration or replacement s 6 transformers identified for oil regeneration or replacement
(Section 4.2.3)

DBDS risk - oil passivation

(Section 4.2.4) e 15 transformers to be dosed with oil passivators to treat DBDS risk

5.3 Other recommendations
5.3.1 Oxidation inhibitors

Due to the identified gap in identifying which transformers have inhibitors added to their oil and which
transformers are required for regular inhibitor testing, it is proposed that inhibitor testing be conducted as a
standard test for all transformer oil testing and that the testing be conducted in-house at the Endeavour
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Energy oil testing facility, as much as possible. As inhibited oil is now standard for all new transformers and
the volume of inhibitor testing will increase beyond the current levels (approx. 20 per year), it is forecasted
that this is the more cost-effective solution than outsourcing to a contractor as per the current practice.

5.3.2 Equipment compliance deficiencies

The current equipment deficiency for power transformers is the lack of online condition monitoring
equipment. The most frequent maintenance tasks are the 6 monthly inspections and 2 yearly oil tests,
which do not provide real-time assessments of the transformer’s condition. It is proposed that existing data
sources, such as equipment loading information and oil temperature be investigated to see if they can be
leveraged to provide more currency on condition assessment of power transformer health and whether that
can augment the monitoring of poor health transformers.

5.3.3 Data compliance

Currently, the main issue with compiling data for the asset health condition of power transformers is that
streams of data are deposited into separate databases, with no native connectivity between these sources.
Another issue was the currency of status for transformer nameplate data. As the asset management
database is not linked at all with the oil test database, tracking of spare or replacement transformers is not
consistent.

To address the overall data sourcing issue, it is proposed that a centralised data resource be compiled,
which periodically updates from the each of the identified data sources above.

There is an information gap identified for certain sections of the electrical test history for power
transformers. It is proposed that further dialogue be conducted with regional staff to highlight the
importance of data collection and storage, as well as to come up with a bipartisan solution to improve the
quality of data collection.
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Appendix A Camellia TX1 and TX3 statement of need

o
o®° *,"+ Endeavour
® o

e Energy

Page 30 of 42 | Asset Class Condition Assessment



Appendix B Prospect condition assessment
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Appendix C Albion Park condition assessment

o0
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Appendix D Marayong condition assessment
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APPENDIX B : PROSPECT ZS SUPPLY ARRANGEMENTS

@ 132KV substation
@ 33kV substation

441 — 132kV feeder
— 33kV feeder
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APPENDIX C : PROSPECT ZS SINGLE LINE DRAWING
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APPENDIX D : DETAIL COST ESTIMATE
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APPENDIX E : NOISE REPORT
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1.0 CONSULTING BRIEF

Day Design Pty Ltd was engaged by Integral Energy Pty Ltd to investigate the environmental
noise impact of their proposed upgrade to Prospect Zone Substation at Prospect, NSW. This
commission involves the following:

Scope of Work:
e Inspect the site and environs.
e Maeasure the background noise levels at critical locations and times.
e Establish the acceptable noise level criteria.
e Quantify noise emissions from the Zone Substation.
e Calculate the level of noise emission, taking into account building envelope transmission
loss, screen walls and distance attenuation.
e Prepare a site plan identifying the development and nearby noise sensitive locations.
e Provide reasonable and feasible recommendations for noise control (if necessary).
e Prepare an Environmental Noise Impact Report.

2.0 PROJECT DESCRIPTION & SUMMARY OF FINDINGS

Integral Energy supplies electricity to the greater part of Sydney's west, the Blue Mountains,
the Illawarra and Southern Highlands regions. To sustain this service they have a number of
Substations to convert high voltage electricity to standard 240 volt supply. The transformers
used for the conversion typically generate a low frequency ‘hum’ at 100 Hz.

The Prospect Zone Substation currently has three existing 33 kv / 11 kV, 15 MVA
transformers. It is intended to remove one of the existing 33 kV / 11 kV, 15 MVA from the site
and installing a new 33 kV /11 kV, 15 MVA at a different location.

The nearest potentially affected residences are adjacent to the south of the site. More residential
premises are located to the east of the site, on the other side of Blacktown Road. Commercial
properties lie to the west of the site. Ambient background noise measurements were carried out
in a nearby residential area with the results detailed in Section 4.

Noise control measures have been recommended in Section 7 of this report to reduce the noise
emission from the existing transformers as well as the proposed upgrade at the Prospect Zone
Substation to comply with the Department of Environment, Climate Change and Waters’
Industrial Noise Policy environmental noise guidelines.

Document: 4520-rl1.doc 25Jan11 /AR
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3.0 NOISE SURVEY INSTRUMENTATION

Noise level measurements and analysis were made with sound instrumentation as follows:

Table 3.1 Noise Instrumentation
Description Model No. Serial No.
Modular Precision Sound Analyser B&K 2250 2611644
Condenser Microphone 0.5” diameter B&K 4189 2607875
Acoustical Calibrator B&K 4231 2095415
Microphone Windscreen Acoustically transparent foam
Infobyte Noise Logger iM4 106
Condenser Microphone 0.5” diameter MK 250 106
Microphone Windscreen Acoustically transparent foam

The B&K 2250 Sound Analyser is a real-time precision integrating sound level meter with
octave and third octave filters that samples noise at a rate of 10 samples per second. The
B&K 2250 provides Leg, L1, Lio, Lso and Lo statistical data at 15 minute intervals (longer or
shorter intervals optional) over the desired monitoring period. Results are normally downloaded
to computer for rapid processing.

An environmental noise logger is used to continuously monitor ambient noise levels and provide
information on the statistical distribution of noise during an extended period of time. The
Infobyte Noise Monitor iM4 is a Type 2 precision environmental noise monitor meeting all the
applicable requirements of AS1259 for an integrating-averaging sound level meter.

All instrument systems had been laboratory calibrated using instrumentation traceable to
Australian National Standards and certified within the last two years thus conforming to
Australian Standards. The measurement system was also field calibrated prior to and after noise
surveys. Calibration drift was found to be less than 0.3 dB during attended measurements and
within 1 dB for long-term measurements. No adjustments for instrument drift during the
measurement period were warranted.

Document: 4520-rl1.doc 25Jan11 /AR
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4.0 MEASURED AMBIENT NOISE LEVELS

In order to assess the severity of a possible environmental noise problem in a residential area it
is necessary to measure the ambient background noise level at the times and locations of worst
possible annoyance. The lower the background noise level, the more perceptible the intrusive
noise becomes and the more potentially annoying.

The ambient Lgy, background noise level is a statistical measure of the sound pressure level that
is exceeded for 90% of the measuring period (typically 15 minutes).

The Rating Background Level (RBL) is defined by the Department of Environment, Climate
Change and Water as the median value of the (lower) tenth percentile of Lgy ambient
background noise levels for day, evening or night periods, measured over 7 days during the
proposed days and times of operation (EPA, 2000).

Ambient Lgy background noise levels were measured at Location “A” shown on the Site Plan
over seven (7) days from Friday 12 November 2010 to Thursday 18 November 2010. This
location was selected to represent an equivalent background noise level in the absence of the
Zone Substation. Measuring too close to the Zone Substation will cause the measured
background noise level to include transformer noise which is undesirable. The measured levels
are presented in the attached Figure 2 and also in Table 4.1 below.

Table 4.1 Rating Background Level

Noise Measurement Location Time Period Rating Background Level
Location ‘A’ - Day (7am to 6 pm) 44 dBA
17 Fox Hills Crescent, Evening (6 pm to 10 pm) 42 dBA
Prospect, NSW Night (10 pm to 7 am) 38 dBA

Meteorological conditions during the testing typically consisted of clear skies with temperatures
of 12 to 30 OC. Atmospheric conditions were ideal for noise monitoring. Noise measurements
were therefore considered reliable and typical for the receptor area.

Document: 4520-rl1.doc 25Jan11 /AR
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5.0 ACCEPTABLE NOISE LEVELS

5.1 NSW Industrial Noise Policy

The Environment Protection Authority published their NSW Industrial Noise Policy (EPA,
2000) in January 2000. The Environment Protection Authority has since been amalgamated with
a number of other State Government departments into the Department of Environment, Climate
Change and Water (DECCW). The Industrial Noise Policy is specifically aimed at assessing
noise from industrial noise sources scheduled under the Protection of the Environment
Operations Act 1997 (POEO, 1997).

Prospect Zone Substation is not a ‘scheduled premises’ under the Protection of the Environment
Operations Act 1997 as Integral Energy Pty Ltd is not required to hold a licence under that Act
for operations at the site.

The appropriate regulatory authority (DECCW) may, by notice in writing given to such a
person, prohibit the person from causing, permitting or allowing:

any specified activity to be carried on at the premises, or
@ any specified article to be used or operated at the premises,

or both, in such a manner as to cause the emission from the premises, at all times or on specified
days, or between specified times on all days or on specified days, of noise that, when measured
at any specified point (whether within or outside the premises,) is in excess of a specified level.

It is an offence to contravene a noise control notice. Prior to being issued with a noise control
notice, no offence has been committed.

The Industrial Noise Policy provides a useful framework to assess noise emission from non-
scheduled premises, whether that premises produces offensive or non-offensive noise.

The Protection of the Environment Operations Act 1997 defines “Offensive Noise” as noise:
@) that, by reason of its level, nature, character or quality, or the time at which it is
made, or any other circumstances:
(1) 1s harmful to (or is likely to be harmful to) a person who is outside the premises
from which it is emitted, or

(if) interferes unreasonably with (or is likely to interfere unreasonably with) the
comfort or repose of a person who is outside the premises from which it is
emitted, or

(b) that is of a level, nature, character or quality prescribed by the regulations or that is
made at a time, or in other circumstances prescribed by the regulation.

While the Industrial Noise Policy is not strictly applicable to this site, as the site is not
scheduled, in the absence of other relevant standards the limits set out in the NSW Industrial
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Noise Policy will be used as a guide in determining whether the level of noise is and will be
considered offensive or not.

5.2 Residential Receptor Noise Intrusiveness Criteria

The DECCW states in Section 2.1 of its NSW Industrial Noise Policy (January 2000) that the
Leq level of noise intrusion from broad-band industrial noise sources may be up to 5 dBA above
the Lgo background noise level at the receptor without being considered offensive (EPA, 2000,
Section 2.1).

The Rating Background Level at Prospect was 44 dBA during the daytime, 42 dBA in the
evening and 38 dBA at night. Therefore the acceptable Le¢q noise intrusiveness criterion for
broadband noise in this area is:

e (44 +5=) 49 dBA during the day,
e (42 +5 =) 47 dBA in the evening and
e (38 +5=)43dBA at night.

Where a noise source contains certain characteristics, such as tonality, impulsiveness,
intermittency or dominant low-frequency content, there is evidence to suggest that it can cause
greater annoyance than other noise at the same noise level. Correction factors may be applied to
the noise intrusiveness criteria to determine the project specific criteria.

The tonality and low frequency modifying factors are potentially applicable to the assessment
and are presented in the attached Datasheet AC 500-9.

Therefore the acceptable Leq noise intrusiveness criterion for tonal and/or low frequency noise in
this area is:

e (44 +5-5=) 44 dBA during the day,
e (42+5-5=)42dBA in the evening and
e (38+5-5=)38dBA at night.

53 Project Specific Noise Criteria

When all the above factors are considered, we find that the most stringent noise criterion is:
e 49 dBA for broadband, and 44 dBA for tonal noise sources during the day,
e 47 dBA for broadband, and 42 dBA for tonal noise sources in the evening,
e 43 dBA for broadband and 38 dBA for tonal noise sources at night.

These criteria apply at the most-affected point on or within the residential property boundary —
or, if that is more than 30 metres from the residence, at the most-affected point within 30 metres
of the residence. For upper floors, the noise is assessed outside the nearest window.
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6.0 PROSPECT ZONE SUBSTATION NOISE EMISSION

The main sources of noise from the Prospect Zone Substation are the transformers that operate
continually throughout the day and night. The noise level does not change appreciably from the
day to the night and therefore the noise level at night will be the worst-case scenario.

6.1 Sound Power Levels

The writer visited the site on Tuesday 7 December 2010 to measure the noise level and character
from the existing high voltage transformers and capacitor banks at the Prospect Zone Substation.

Tonal components are shown in bold, typically at 100 Hz and a harmonic at 200 Hz.

Table 6.1 Transformer L, Sound Power Levels
Sound Power Levels (dB)
at Third Octave Band Centre Frequencies (Hz)
Description 50 100 200 400 800 1k6 3k15

dBA 63 125 250 500 1k 2k 4k
80 160 315 630 | 1k25 2kS 5k

No 1 Transformer g6l | 74 94 95 74 69 56 52

33 kV/11kV, 15 MVA 75 76 77 68 65 56 50
(existing / standby) 78 75 83 69 61 53 50
No 2 Transformer gel || 74 94 95 74 69 56 52
33kV/11kV, 15 MVA 75 76 77 68 65 56 50
(existing) 78 75 83 69 61 53 50
No 3 Transformer 92! | 72 92 103 |77 73 66 62
33kV/11kV, 15 MVA 74 75 84 72 71 66 62
(existing) 76 82 75 77 68 63 64
Transformer 762 76 86 77 63 69 54 49
33kV/11kV, 15 MVA 77 72 63 75 57 52 45
(proposed) 75 64 67 70 56 50 41
Capacitor 1 71 70 85 63 56 53 50

75 72 65 67 58 56 51 49
71 67 71 58 55 51 49
Capacitor 3 71 75 81 59 59 54 50

73 75 65 64 61 57 52 48
73 65 67 67 55 51 47

Typical Cooling Fan 70* 65 60 64 65 66 63 61
! Approximately 60% load operating condition (~ 9 MVA)

2 Sound power level at 66% load operating condition
*Cooling fan noise level data have been taken from a typical fan manufacturer’s data.
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Transformer No. 1 was not operating (on standby) at the time of measurement. From the age and
specification of the transformers, it is assumed that the sound power level of Transformer No. 1
Is the same as Transformer No. 2.

Knowing the sound power level of a noise source (see above Table 6.1), the sound pressure
level (as measured with a sound level meter) can be calculated at a remote location using
suitable formulae to account for distance losses, sound barriers, etc.

6.2 Existing Noise Levels

The Prospect Zone Substation site at Prospect currently has two capacitor banks and three
33 kV / 11 kV, 15 MVA transformers, of which one is designated as a reserve (not energised).
Normal operating conditions for this substation is for 2 transformers operating at any one time.
The worst case has been modelled with three transformers and two capacity banks all
operational.

The calculated sound pressure level at the nearest residential premises due to the existing
configuration of the Zone Substation is as shown in Table 6.2, below.

Table 6.2 Calculated Existing Sound Pressure Levels at Receptor Locations
Recentor Location Calculated Lq Acceptable Ly C i
P Noise Level Tonal Noise Level ompliance
Location ‘B’ — Residential
NO
BA Y BA
436 Blacktown Road, 58d es 38d 20 dB excess
Prospect
Location ‘C’ — Residential
* NO
i 47 dBA N 43 dBA
9 Fox Hills Crescent, d 0 3d 4 dB excess
Prospect
Location ‘D’ — Residential
* NO
49 dBA N 43 dBA
422 Blacktown Road, 9d 0 3d 6 dB excess
Prospect

“An ambient noise survey was conducted during the night. The ambient noise was found to have masked the tonal
components and thus be non-tonal at the receptor.

Integral Energy proposes to decommission one 33 kV / 11 kV, 15 MVA transformer and replace
it with a new 33 kV / 11 kV, 15 MVA transformer at a new location.

The calculated existing level of noise due to the existing Prospect Zone Substation exceeds the
acceptable at two nearby residential receptors. Noise control treatment will be required as
recommended in Section 7 of this report.
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7.0 NOISE CONTROL RECOMMENDATIONS

The existing level of noise emission from the Prospect Zone Substation is above the
recommended noise limits established in Section 5.0 of this report. Therefore engineering noise
control will be required. We recommend the following acoustical treatment.

7.1 Option 1 — Masonry Barrier
Option 1 consists of (refer to attached Figure 3):
e Solid 4.5 metre high masonry barrier on the southern boundary of the Zone Substation

e Solid 8 metre high masonry barrier on the southern side of transformers 1 and 2. The
masonry barriers should have absorptive insulation installed on the side facing the
transformers barrier to reduce reflected noise. The sound absorptive insulation should
consist of 100 mm rockwool insulation (density 30 kg/m°) fitted between 100 mm deep
battens or purlins and faced with perforated galvanised steel (open area 20%).

7.2 Option 2 — ‘Low Noise’ Transformers

To avoid acoustic barriers, it is recommended to replace all three existing transformers with new
transformers that have a maximum sound power level of 76 dBA at 66% load (70 dBA at no
load). With this recommendation, the level of noise at the nearby residential receptors will meet
the acceptable noise criteria specified in Section 5.0 without the need for any solid sound
barriers.

7.3 Construction Disclaimer

Recommendations made in this report are intended to resolve acoustical problems only. We
make no claim of expertise in other areas and draw your attention to the possibility that our
recommendations may not meet the structural, fire, thermal or other aspects of building
construction.

We encourage clients to check with us before using materials or equipment that are alternative
to those specified in our Acoustical Report.

8.0 PREDICTED NOISE LEVELS AT RECEPTOR LOCATIONS

Assuming either of the recommendations of Section 7.0 has been satisfactorily implemented, the
resultant intrusive Leq noise levels at various receptor locations is calculated to be as shown
below in Tables 8.1 and 8.2.
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Table 8.1 Option 1 Predicted Sound Pressure Levels at Receptor Locations
(After Section 7.1 noise controls have been implemented)
Recentor Location Calculated L4 Acceptable Lq .
P Noise Level Tonal Noise Level Compliance
Location ‘B’ — Residential
436 Blacktown Road, 38 dBA Yes 38 dBA Yes
Prospect
Location ‘C’ — Residential
9 Fox Hills Crescent, 40 dBA No™ 43 dBA Yes
Prospect
Location ‘D’ — Residential
422 Blacktown Road, 42 dBA No™ 43 dBA Yes
Prospect

“an ambient noise survey was conducted during the night. The ambient noise was found to have masked the tonal
components and thus be non-tonal at the receptor.

Table 8.2 Option 2 Predicted Sound Pressure Levels at Receptor Locations
(After Section 7.2 noise controls have been implemented)
. Calculated L. Acceptable L,
Receptor Locat d a i
eceptor Location Noise Level Tonal Noise Level Compliance

Location ‘B’ — Residential
436 Blacktown Road, 42 dBA No 43 dBA Yes
Prospect
Location ‘C’ — Residential
9 Fox Hills Crescent, 36 dBA No 43 dBA Yes
Prospect
Location ‘D’ — Residential
422 Blacktown Road, 38 dBA No 43 dBA Yes
Prospect

253an11 [JCA
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9.0 NOISE IMPACT STATEMENT

Measurements and computations show that, provided either of the recommendations made in
Section 7 of this report is satisfactorily implemented, the level of noise emitted by the proposed
upgrade to the Prospect Zone Substation will meet the Environment Protection Authority's
acceptable noise level requirements as detailed in Section 5.0 of this report.

We are of the opinion that sound emitted from this development will not cause “offensive noise”
as defined by the Protection of the Environment Operations Act 1997.

Uipprr—

William Wang, BE (Mechatronics), MAAS
Consulting Acoustical Engineer

for and on behalf of Day Design Pty Ltd.

A.A.A.C. MEMBERSHIP
Day Design Pty Ltd is a member company of the Association of Australian Acoustical Consultants, and
the work herein reported has been performed in accordance with the terms of membership.

Attachments:

Figure 1 — Location Plan

Figure 2 — Ambient Noise Survey

Figure 3 — Proposed General Arrangement
Figure 4 — Barrier Locations

AC 108-1 to 4 — Glossary of Acoustic Terms
AC 500-9 — Modifying Factor Correction
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ACOUSTICAL - Pertaining to the science of sound, including the generation, propagation, effects
and control of both noise and vibration.

AMBIENT NOISE - The ambient noise level at a particular location is the overall environmental
noise level caused by all noise sources in the area, both near and far, including road traffic, factories,
wind in the trees, birds, insects, animals, etc.

AUDIBLE - means that a sound can be heard. However, there are a wide range of audibility grades,
varying from “barely audible” to “just audible”, “clearly audible” and “prominent”. Chapter 83 of the
NSW Environment Protection Authority — Environmental Noise Control Manual (1985) states:

“noise from a particular source might be offensive if it is clearly audible, distinct from the prevailing
background noise and of a volume or character that a reasonable person would be conscious of the
intrusion and find it annoying or disruptive™.

It follows that the word “audible” in an environmental noise context means “clearly audible”.

BACKGROUND NOISE LEVEL - Silence does not exist in the natural or the built-environment,
only varying degrees of noise. The Background Noise Level is the average minimum dBA level of
noise measured in the absence of the noise under investigation and any other short-term noises such as
those caused by cicadas, lawnmowers, etc. It is quantified by the Lagg or the dBA noise level that is

exceeded for 90 % of the measurement period (usually 15 minutes).

e Assessment Background Level (ABL) is the single figure background level representing each
assessment period — day, evening and night (i.e. three assessment background levels are
determined for each 24hr period of the monitoring period). Determination of the assessment
background level is by calculating the tenth percentile (the lowest tenth percent value) of the
background levels (Lago) for each period (Refer: NSW Industrial Noise Policy, 2000).

e Rating Background Level (RBL) as specified by the Environment Protection Authority is the
overall single figure (Lago) background noise level representing an assessment period (day,
evening or night) over a monitoring period of (normally) three to seven days.

The RBL for an assessment period is the median of the daily lowest tenth percentile of Lgg
background noise levels.

If the measured background noise level is less than 30 dBA, then the Rating Background Level
(RBL) is considered to be 30 dBA.

DECIBEL - The human ear has a vast sound-sensitivity range of over a thousand billion to one. The
decibel is a logarithmic unit that allows this same range to be compressed into a somewhat more
comprehensible range of 0 to 120 dB. The decibel is ten times the logarithm of the ratio of a sound
level to a reference sound level. See also Sound Pressure Level and Sound Power Level.

Decibel noise levels cannot be added arithmetically since they are logarithmic numbers. If one
machine is generating a noise level of 50 dBA, and another similar machine is placed beside it, the
level will increase to 53 dBA, not 100 dBA. Ten similar machines placed side by side increase the
sound level by 10 dBA, and one hundred machines increase the sound level by 20 dBA.

dBC - The dBC scale of a sound level meter is similar to the dBA scale defined above, except that at
high sound intensity levels, the human ear frequency response is more linear. The dBC scale
approximates the 100 phon equal loudness contour.
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dBA - The human ear is less sensitive to low frequency sound than high frequency sound. We are
most sensitive to high frequency sounds, such as a child’s scream. Sound level meters have an inbuilt
weighting network, termed the dBA scale, that approximates the human loudness response at quiet
sound levels (roughly approximates the 40 phon equal loudness contour).

However, the dBA sound level provides a poor indication of loudness for sounds that are dominated by
low frequency components (below 250 Hz). If the difference between the “C” weighted and the “A”
weighted sound level is 15 dB or more, then the NSW Industrial Noise Policy recommends a 5 dBA
penalty be applied to the measured dBA level.

EQUIVALENT CONTINUOUS NOISE LEVEL, LAeq - Many noises, such as road traffic or

construction noise, vary continually in level over a period of time. More sophisticated sound level
meters have an integrating electronic device inbuilt, which average the A weighted sound pressure
levels over a period of time and then display the energy average or LAeq sound level. Because the
decibel scale is a logarithmic ratio the higher noise levels have far more sound energy, and therefore
the LAeqg level tends to indicate an average which is strongly influenced by short term, high level noise

events. Many studies show that human reaction to level-varying sounds tends to relate closely to the
L Aeq noise level.

FREE FIELD - This is a sound field not subject to significant reflection of acoustical energy. A
free field over a reflecting plane is usually outdoors with the noise source resting on hard flat ground,
and not closer than 6 metres to any large flat object such as a fence or wall; or inside an anechoic
chamber.

FREQUENCY - The number of oscillations or cycles of a wave motion per unit time, the SI unit
being the Hertz, or one cycle per second.

IMPACT ISOLATION CLASS (IIC) — The American Society for Testing and Materials (ASTM)
has specified that the I1C of a floor/ceiling system shall be determined by operating an 1ISO 140
Standard Tapping Machine on the floor and measuring the noise generated in the room below. The IIC
is a number found by fitting a reference curve to the measured octave band levels and then deducting
the sound pressure level at 500 Hz from 110 decibels. Thus the higher the 11C, the better the impact
sound isolation.

IMPACT SOUND INSULATION (Lut, ) — Australian Standard AS I1SO 717.2 — 2004 has
specified that the Impact Sound Insulation of a floor/ceiling system be quantified by operating an ISO
140 Standard Tapping Machine on the floor and measuring the noise generated in the room below. The
Weighted Standardised Impact Sound Pressure Level (Lnrw ) is the sound pressure level at 500 Hz for a
reference curve fitted to the measured octave band levels. Thus the lower L.t the better the impact
sound insulation.

IMPULSE NOISE - An impulse noise is typified by a sudden rise time and a rapid sound decay,
such as a hammer blow, rifle shot or balloon burst.

INTRUSIVE NOISE LEVEL, LAeq — The level of noise from a factory, place of entertainment,
etc. in NSW is assessed on the basis of the average maximum noise level, or the Lagq a5 min- This is
the energy average A weighted noise level measured over any 15 minute period.

LOUDNESS - The degree to which a sound is audible to a listener is termed the loudness. The

human ear perceives a 10 dBA noise level increase as a doubling of loudness and a 20 dBA noise
increase as a quadrupling of the loudness.
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MAXIMUM NOISE LEVEL, Lomax — The rms maximum sound pressure level measured on the
"A" scale of a sound level meter during a noise survey is the Lamax noise level. It may be measured
using either the Fast or Slow response time of the meter. This should be stated.

NOISE RATING NUMBERS - A set of empirically developed equal loudness curves has been
adopted as Australian Standard AS1469-1983. These curves allow the loudness of a noise to be
described with a single NR number. The Noise Rating number is that curve which touches the highest
level on the measured spectrum of the subject noise. For broadband noise such as fans and engines, the
NR number often equals the dBA level minus five.

NOISE - Noise is unwanted sound. Sound is wave motion within matter, be it gaseous, liquid or
solid. “Noise includes sound and vibration”.

NOISE REDUCTION COEFFICIENT - See: "Sound Absorption Coefficient"
OFFENSIVE NOISE

(Reference: Dictionary of the Protection of the Environment Operations Act 1997).
"Offensive Noise means noise:

(@) that, by reason of its level, nature, character or quality, or the time at which it is made, or any
other circumstances:

Q) is harmful to (or likely to be harmful to) a person who is outside the premise from which
it is emitted, or

(i) interferes unreasonably with (or is likely to interfere unreasonably with) the comfort or
repose of a person who is outside the premises from which it is emitted, or

(b)  thatis of a level, nature, character or quality prescribed by the regulations or that is made at a
time, or in other circumstances prescribed by the regulations."

PINK NOISE - Pink noise is a broadband noise with an equal amount of energy in each octave or
third octave band width. Because of this, Pink Noise has more energy at the lower frequencies than
White Noise and is used widely for Sound Transmission Loss testing.

REVERBERATION TIME, Tggp - The time in seconds, after a sound signal has ceased, for the

sound level inside a room to decay by 60 dB. The first 5 dB decay is often ignored, because of
fluctuations that occur while reverberant sound conditions are being established in the room. The
decay time for the next 30 dB is measured and the result doubled to determine the Tgo. The Early Decay
Time (EDT) is the slope of the decay curve in the first 10 dB normalised to 60 dB.

SOUND ABSORPTION COEFFICIENT - aSound is absorbed in porous materials by the
viscous conversion of sound energy to heat energy as the sound waves pass through it. Sound is
similarly absorbed by the flexural bending of internally damped panels. The fraction of incident energy
that is absorbed is termed the Sound Absorption Coefficient, a. An absorption coefficient of 0.9
indicates that 90 % of the incident sound energy is absorbed. The average o from 250 to 2000 Hz is
termed the Noise Reduction Coefficient (NRC).

SOUND ATTENUATION - If an enclosure is placed around a machine, or a silencer is fitted to a
duct, the noise emission is reduced or attenuated. An enclosure that attenuates the noise level by 30
dBA, reduces the sound energy by one thousand times.
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SOUND EXPOSURE LEVEL (SEL) - The total sound energy of a single noise event condensed
into a one second duration or in other words it is an Leq (1 sec).
SOUND PRESSURE LEVEL, Lp - The level of sound measured on a sound level meter and

expressed in decibels, dB, dBA, dBC, etc.. Lp=20X log (P/Pg) ...dB

where P is the rms sound pressure in Pascal and Py, is a reference sound pressure of 20 pPa.
Lp varies with distance from a noise source.

SOUND POWER LEVEL, Ly - The Sound Power Level of a noise source is an absolute that
does not vary with distance or with a different acoustic environment.

Lw=Lp+10 log A ... dB,re: 1pW,
where A is the measurement noise-emission area in square metres in a free field.

SOUND TRANSMISSION CLASS (STC) - Aninternationally standardised method of rating the
sound transmission loss of partition walls to indicate the decibels of noise reduction of a human voice
from one side to the other. (Refer: Australian Standard AS1276 — 1979)

SOUND TRANSMISSION LOSS - The amount in decibels by which a random sound is reduced
as it passes through a sound barrier. A method for the measurement of airborne Sound Transmission
Loss of a building partition is given in Australian Standard AS1191 - 2002.

STATISTICAL EXCEEDENCE SOUND LEVELS, Lagg, LA10, LA1, ete. — Noise which
varies in level over a specific period of time (usually 15 minutes) may be quantified in terms of various
statistical descriptors:

The Lagg is the dBA level exceeded for 90 % of the time. In NSW the L g is measured over periods
of 15 minutes, and is used to describe the average minimum or background noise level.

The La1g is the dBA level that is exceeded for 10 % of the time. In NSW the La 10 measured over a

period of 10 to 15 minutes. It was until recently used to describe the average maximum noise level, but
has largely been replaced by the Laeq for describing level-varying noise.

The Laq is the dBA level that is exceeded for 1 % of the time. In NSW the La1 may be used for
describing short-term noise levels such as could cause sleep arousal during the night.

STEADY NOISE - Noise, which varies in level by 6 dBA or less, over the period of interest with
the time-weighting set to “Fast”, is considered to be “steady”. (Refer AS 1055.1 1997)

WEIGHTED SOUND REDUCTION INDEX, R,, - This is a single number rating of the
airborne sound insulation of a wall, partition or ceiling. The sound reduction is normally measured
over a frequency range of 100 to 3,150 Hertz and averaged in accordance with ISO standard weighting
curves (Refer AS/NZS 1276.1:1999).

Internal partition wall Ry, + C ratings are frequency weighted to simulate insulation from human voice
noise. The Ry + C is always similar in value to the STC rating value. External walls, doors and
windows may be Ry, + Cy rated to simulate insulation from road traffic noise. This is normally a lower
number than the STC rating value.

WHITE NOISE - White noise is broadband random noise whose spectral density is constant across
its entire frequency range. The sound power is the same for equal bandwidths from low to high
frequencies. Because the higher frequency octave bands cover a wider spectrum, white noise has more
energy at the higher frequencies and sounds like a hiss.
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Modifying Factor Corrections

AC 500-9

Table 4.1 Modifying factor corrections
(See definitions in Section 4.2)
Assessment/
Factor Measurement When to apply Correction' Comments
Tonal noise | One-third Level of one-third octave band | 5 dB? Narrow-band frequency
octave or exceeds the level of the analysis may be required
narrow band adjacent bands on both sides to precisely detect
analysis by: occurrence
- 5 dB or more if the centre
frequency of the band
containing the tone is above
400 Hz
- 8 dB or more if the centre
frequency of the band
containing the tone is 160 to
400 Hz inclusive
- 15 dB or more if the centre
frequency of the band
containing the tone is below
160 Hz
Low Measurement | Measure/assess C- and A- 5 dB? C-weighting is designed
frequency | of C-weighted | weighted levels over same to be more responsive to
noise and A- time period. Correction to be low-frequency noise
weighted level | applied if the difference
between the two levels is 15
dB or more
Impulsive | A-weighted If difference in A-weighted Apply difference | Characterised by a short
noise fast response | maximum noise levels in measured rise time of
and impulse between fast response and levels as the 35 milliseconds (ms) and
response impulse response is greater correction, up to a | decay time of 1.5s
than 2 dB maximum of 5
dB.
Intermittent | Subjectively Level varies by more than 5 5dB Adjustment to be applied
noise assessed dB for night-time only.
Duration Single-event One event in any 24-hour 0to-20dB(A) The acceptable noise
noise duration | period level may be increased
may range by an adjustment
from 1.5 min depending on duration
t02.5h of noise. (See Table 4.2)
Maximum | Refer to Where two or more modifying | Maximum
Adjustment | individual factors are indicated correction of
modifying 10 dB(A)?
factors (excluding
duration
correction)
Notes:

1. Corrections to be added to the measured or predicted levels.
2. Where a source emits tonal and low-frequency noise, only one 5-dB correction should be applied if the tone is in the low-
frequency range.

NSW industrial noise policy
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