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EXECUTIVE SUMMARY 

BHP Billiton Iron Ore (BHPBIO) own and operate numerous iron ore mines located at the Pilbara 
region of WA, including Mt Whaleback, Mining Area C and several smaller satellite mines.  The 
township of Newman is located approximately 1,200km to the north of Perth; and the town’s 
electricity network is owned, governed and operated by BHPBIO Supply Authority (BHPBIOSA).  

In accordance with Western Australia Electricity Industry  Code 2005 (the Code), the electrical supply 
authority must publish a report setting out the information described in Schedule 1 of the Code, in 
respect to each year ending on 30th of June.  This document, known as the annual compliance 
report, is to provide the full suite of information outlined in Schedule 1 of the Code, relating to the 
Network Quality and Reliability of Supply.  

The methodology adopted to examine compliance/non-compliance with the Code utilises 2 notable 
sources of information as follows: 

1. Power quality data measured from the Newman 0.415kV network over a period of 7 
calendar days or more; and 

2. Outage data and other relevant information provided by BHPBIOSA. 

The Code is effectively written in four Parts plus a reporting-requirements Schedule; namely,  

1. Part 1: Preliminary information associated with term of reference. 

2. Part 2: Quality and reliability standards, which is further partitioned into 4 divisions: 

3. Part 3: Payment to customers for lack of regulatory adherence. 

4. Part 4: Incidental duties as a Supply Authority. 

5. Schedule 1: Information to be published in this report. 

This report addresses the relevant parts listed above; in particular the power quality criteria 
pertaining to each of Newman’s seven 11kV feeders (A total of 7 feeders) and the reportable 
requirements as outlined in Part 2 and Schedule 1 of the Code, for the 2014/15 Financial Year (FY). 

With regards to the PQ criteria, the average values of all electrical parameters logged over the 
monitoring period (~1 week) were found well within the limits stipulated by the Code.  That is, the 
average of the following parameters are in full compliance with the Code’s requirements: 

 Flicker, as per Part 3.7, Clause 3 of AS 61000:2001 

 RMS Voltage  

 Power System Frequency 

 Voltage 

 Voltage Total Harmonic Distortion (U-THD)  

Note that there are a very limited number of instances (i.e., under 0.5% of the measurement period) 
where the maximum magnitude of certain electrical parameters were found to exceed the limits 
prescribed by the Code.  However, this is not deemed as a major compliance issue due to the 
temporary and extremely isolated nature of the instances.  
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Reportable parameters for Newman Township Electricity Supply over the 2014/15 FY (as outlined in 
the ‘Schedule 1’ of the Code) are presented below: 

 >12 hour interruptions: no interruption of over 12 hours duration is recorded for small use 
customers. 

 No small use customer was disconnected from the network more frequent than the Code’s 
requirements (i.e., limit of 16 times). 

 A total of 3 complaints were received, which were all related to the billing issues; hence no 
complaints made by customer on the quality or reliability of supply. 

 Within the 2014/15 FY, a total of $16.9M (AUD) was invested by the network operator 
(BHPBIOSA) towards Newman network operations, maintenance and reinforcement works; 
to not only address the issues identified by the operator but also to significantly improve the 
quality and reliability of supply. 

 The key reliability indices are calculated as listed below: 

O Customer Average Interruption Duration Index (CAIDI) of 80 minutes – CAIDI is the 
average outage duration that any given customer experience (i.e., the average 
restoration time). 

O System Average Interruption Frequency Index (SAIFI) of 4.23 interruptions – SAIFI is 
the number of interruptions that the customers experienced. 

O Average Service Availability Index (ASAI) of 99.94% – ASAI is the perceived availability 
of the network to the customers. 

O System Average Interruption Duration Index (SAIDI) of 339 minutes – SAIDI is the 
average outage duration for each customer served. 

In summary, the metering data collected from 14 locations throughout the Newman network 
indicates that the Power Quality, as so far as is reasonably practical, is compliant with the Code. 
With regards to the Reliability of the Supply, the overall network performance is deemed satisfactory 
however there has been a number of outages recorded over the course of 2014/15 FY (mainly due 
to genuine backbone feeder faults, human error or mal-operation of protection devices). 
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1. INTRODUCTION 

The township of Newman is located approximately 1,200km to the north of Perth; the town’s 
electricity network is owned, governed and operated by BHP Billiton Iron Ore Supply Authority 
(BHPBIOSA). The network encompasses the township of Newman, Newman Airport, Capricorn 
Roadhouse, town water supply bore field, Mt Whaleback iron ore mine, and several smaller satellite 
mines in the adjacent areas.  

At present, the township of Newman includes 2,546 registered premises comprised of a mixture of 
residential and commercial customers.  

According to Western Australia Electricity Industry (Network Quality and Reliability of Supply) Code 
2005 (the Code) an electricity distributor must prepare a report setting out the information 
described in Schedule 1 of the Code, in respect to each year ending on 30 June.  

This annual compliance report presents all information required by “Schedule 1 – Information to be 
published”, relating to supply of electricity, for the period of 1st July 2014 to 30th of June 2015. 
Measurement information is based on sampled data outlined in Section 6, whereas outage 
information is based on data provided by BHPBIOSA. 

The compliance statistical analysis has focused solely on Newman Township and the key 
infrastructure adjacent to the township. The electrical network supplying the BHPBIO mining 
operation and the surrounding mine leases have not been assessed. 
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2. ASSUMPTIONS 

The terminologies used throughout this compliance report are as defined in the Western Australia 
Electricity Industry (Network Quality and Reliability of Supply) Code 2005 (The Code). 

The logging information gathered over the limited period is indicative of the performance of the 
network over the complete financial year (2014/2015 FY). 
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3. METHODOLOGY 

The electricity supply compliance review entailed the following processes: 

1. The temporary Installation of power quality (PQ) loggers at the beginning and end of each of 
7 feeders emanating from the Town and Southtown Substations (a total of 14 loggers, 2 for 
each feeder). Each power quality logger was installed on the low voltage (LV) side of pad-
mounted transformers. The measuring period lasted for between 7 to 10 days in the months 
between January 2015 and May 2015. The power quality measurements were undertaken in 
accordance with AS 61000.4.30:2007 Annex A (Power Quality Measurements).    

2. Interpretation and analysis of the logged PQ data using HIOKI 3196 Power Quality Analyser. 

3. The receipt of the following information from BHPBIOSA: 

 Network outage information for planned and forced outages for the Newman 
Township during the 2014/2015 FY as well as information on customer complaints. 

 Expenditure information as a consequence of network complaints or programs 
directed to improve reliability or power quality of the network. 

4. Identification of any breaches of The Code’s provisions and Electricity Act 1945. 

5. Statistical analyses and review of network performance. 

6. Preparation of a compliance report that fulfils the requirements outlined in The Code.  
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4. NEWMAN TOWNSHIP PQ MONITORING 

4.1. PQ Device Specification 

The equipment used to undertake the PQ logging were a mixture of HIOKI 3198 and HIOKI 3196 
Power Quality Analysers. HIOKI 3198 is the updated iteration of HIOKI 3196 but both types of loggers 
are practically identical in terms of their features, functionality, and user interface.  

The HIOKI devices can measure multiple waveforms and transient events simultaneously using 3 
voltage channels and 4 current channels per device. The device is compliant with AS61000-4-30 Ed 2 
Class A, which specifies compatibility with industry standard power quality parameters (further 
information pertaining to the HIOKI 3198 is provided in Appendix A ). 

The measurements obtained for the loggers are then extracted and analysed with the accompanying 
analysis software (HIOKI 9624).  

 

4.2. PQ Devices 

4.2.1. Locations 

A total of 14 PQ HIOKI loggers were deployed at 14 pre-determined locations on TC1, TC2, TC3, TC4, 
STS1, STS2, and STS6 feeders, as listed in Table 1.   

Figure 1 presents a colour-coded single line diagram of the 7 Newman township feeders.  Hatched 
circles indicate the locations at which the PQ loggers were temporary located. 

The loggers were installed on the LV secondary side of the transformers. Due to the difficulty to 
install the loggers on the LV side of pole-top transformer, all of locations were associated with pad-
mounted substations. 
 

Table 1 | PQ Logger Locations 

Zone Sub Feeder Location at the Start Location at the End 

Township TC1 PS86 Red Sands T68 Capricorn Oval 

Township TC2 T81 North Newman Rec Area PS14 Bondini Drive 

Township TC3 PS108 Kurra Subdivision PS69 Giles Avenue 

Township TC4 PS21 Nimingarra Drive PS83 Airport 

South Town STS1 PS94 Pardoo Street PS96 Pardoo Street 

South Town STS2 PS60 Forrest Avenue T70 Jabbarup Crescent 

South Town STS6 T80 Old LIA T41 Newman Drive 
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Figure 1 | Single line diagram of the Newman township (coloured circles indicate the location of PQ loggers 
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4.2.1. In-services Period 

 present the times and dates of when the PQ loggers were installed and removed from the Newman 
LV network. 
 

Table 2 | Installation and removal dates of the PQ logger used throughout the Newman network 

Zone Subs Feeder 
Start or 

End 
of Feeder 

Date Installed Date Removed 

Township 

TC1 
Start 28/03/2015 11:17:08 5/04/2015 7:48:56 

End 24/03/2015 16:45:00 4/04/2015 11:22:25 

TC2 
Start 28/03/2015 11:53:40 5/04/2015 10:19:29 

End 24/03/2015 14:10:00 4/04/2015 10:47:57 

TC3 
Start 23/03/2015 13:50:00 30/03/2015 11:00:11 

End 23/03/2015 11:55:00 30/03/2015 11:27:32 

TC4 
Start 4/04/2015 10:15:00 6/04/2015 15:57:43 

End 28/03/2015 12:40:00 5/04/2015 13:42:28 

South Town  

STS1 
Start 24/03/2015 8:10:00 31/03/2015 9:26:00 

End 23/03/2015 14:50:00 31/03/2015 9:11:34 

STS2 
Start 24/03/2015 13:35:00 1/04/2015 11:32:51 

End 25/03/2015 8:25:00 1/04/2015 11:56:54 

STS6 
Start 28/03/2015 10:29:38 5/04/2015 10:56:43 

End 24/03/2015 17:15:00 4/04/2015 12:59:21 

 

4.3. PQ Device Setup  

The setup of the PQ loggers was as per the relative HIOKI instruction manual. 

As shown in the frequency and voltage time-based PQ plots in Appendix B , three values have been 
logged and plotted: the maximum RMS, the average RMS and the minimum RMS value over the 
recording interval.  The recording interval setup in the PQ loggers was 5 minutes, with the exception 
of flicker which uses 10 minute intervals.  That is, over the course of the in-service days the PQ 
loggers sampled various time-based parameters (e.g., Hz, U and I) at 5 Hz;  and at the end of every 5 
minute sampling interval the 3 abovementioned RMS values where recorded.   

Figure 2 is an extract from the HOIKI instruction manual depicting the sampling and interval-
recording of maximum, average and minimum RMS values. 

 

Figure 2 | Sampling and interval recording philosophy used in the Hioki PW loggers (from Hioki Manual) 
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4.4. PQ Device Installation Checklist 

For each of the 14 PQ loggers which were installed by BHPBIOSA personnel, a PQ Logger Installation 
Checklist was supplied by APD.  Upon completing individual logger’s setup, the check sheets were to 
be completed and signed by the installation supervisor (partly received by APD).  

Refer to Appendix A for copied of the completed checklists. 
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5. COMPLIANCE REQUIREMENTS 
This section summarises the Compatibility Levels by which a ‘Distributor’s’ electrical network is to 
comply with, as outlined by the Code. 
 

5.1. Voltage Fluctuations 

5.1.1. Flicker 

The Code specifies that flicker shall comply with long- and short-term flicker ‘compatibility levels’ as 
per AS61000:2001. The compatibility levels are shown in Table 3, and are a measure of the voltage 
quality limits over a 10 minute and 2 hour interval for short- (Pst) and long-term (Plt) flicker. 
 

Table 3 | Long & short-term flicker limits (extract from The Code) 

 

 

5.1.2. Voltage Levels 

According to AS60038-2000 Standard Voltages Section 2, the voltage levels of the electrical network 
must be maintained at +10% and -6% of the supply voltage of 230V single-phase.  
 

5.2. Frequency 

The Code specifies the frequency fluctuation shall adhere to the Electricity Act 1945 with the level to 
be maintained at +/-2.5% of 50Hz.  
 

5.3. Voltage Total Harmonic Distortion 

The Code specifies the voltage total harmonic distortion (U-THD) is to be kept under 8%.  

Individual odd and even harmonic components are not to exceed the figures shown in Table 4 
below. 
 

Table 4 | Harmonic Compatibility Level (extract from The Code) 
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5.4. Power Industry Reliability Indicators 

As per Schedule 1, Clause 11 (a) to (d) of The Code, a number of reliability indicators (eg interruption 
durations and quantity of interruptions) are required to be reported.  To achieve The Code’s 
requirement, the following standard utility reliability indices have been used. 

5.4.1. Customer Average Interruption Duration Index (CAIDI) 

Customer Average Interruption Duration Index is defined as the sum of the duration of each 
customer interruption (in minutes) divided by the number of distribution customers served. 

 

CAIDIMinutes = 
SAIFI

SAIDI

onsInterruptiustomer 

Durationson Interruptiustomer 






C

C

 

 

5.4.2. System Average Interruption Frequency Index (SAIFI) 

System Average Interruption Frequency Index is defined as the sum of the frequency of each 
sustained distribution customer interruption (in interruption events) attributable to the distribution 
system divided by the number of distribution customers served. 

 

SAIFIInterruptions = 
Served Customerson Distributi ofNumber 

onsInterruptiCustomer on Distributi Sustained ofNumber 

 

 

5.4.3. Average Service Availability Index (ASAI) 

Average Service Availability Index is the percentage of time that the service is available to the 
networks’ customers in a reportable year. 

 

ASAIPercent = 
8760

1 HoursSAIDI


 

 

5.4.4. System Average Interruption Duration Index (SAIDI) 

System Average Interruption Duration Index is defined as the sum of the duration of each sustained 
distribution customer interruption (in minutes) attributable to the distribution system divided by the 
number of distribution customers served. 

 

SAIDIMinutes = 
Served Customerson Distributi ofNumber 

Durationson InterruptiCustomer on Distributi Sustained  
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6. Site Measurements (PQ Loggers Data)  

The following sections describe the results and notable PQ events which have been recorded by the 
loggers for each of the 7 feeders. 

6.1. Feeder TC1 

The PQ logger at the start of the TC1 feeder was installed in the PS86 Red Sands pad-mounted 
substation between 28/3/2015 and 5/4/2015, thus satisfying the 7 days minimum logging duration 
requirement. 

The PQ logger at the end of the TC1 feeder was installed in the T68 Capricorn Oval substation 
between 24/3/2015 and 4/04/2015, thus satisfying the 7 days minimum logging duration 
requirement.  As shown in Figure 1 (orange feeder), TC1 originates from the Township Substation.  It 
is a feeder that supplies a number of old distribution substations. 

6.1.1. Flicker 

The logged flicker data for the start and end of feeder-TC1 are shown in Figure 21 and Figure 24 of 
Appendix B (page 49) respectively. 

The non-compliant flicker events and their respective magnitudes and effected-phases constitute a 
very small fraction (i.e., under 0.2% of the measurements periods), as listed in Table 5. 

Table 5 | TC1 - Summary of non-compliant flicker measurements 

Date 

Non-compliant Short Term Flicker Events 

Feeder - TC1 

Start of Feeder End of Feeder 

Pst  Pst  

24/03/2015 – 17:45:00   1.06 (W Phase) 

25/03/2015 – 17:45:00   1.65 (R Phase) 

27/03/2015 – 18:35:00   1.38 (B Phase) 

2/04/2015 – 11:15:00   1.02 (R Phase) 

2/04/2015 - 11:17:08 1.06 (B Phase)   

6.1.2. Voltage Levels 

The logged voltage level data for the start and end of feeder-TC1 are shown in Figure 22 and Figure 
25 in Appendix B (page 49) respectively.  There were no voltage limit events causing the voltage level 
to breach The Code’s limits (i.e., full compliance with the Code requirements). 

6.1.3. Frequency 

The logged frequency data for the start and end of feeder-TC1 are shown in Figure 23 and Figure 26 
in Appendix B (page 51) respectively.  There were no notable voltage limit events which caused the 
voltage level to breach The Code’s limits (i.e., full compliance with the Code requirements). 

6.1.4. Harmonics 

The logged harmonic data for the start and end of feeder TC1 are shown in Figure 27 through Figure 
34 in Appendix B .  Of particular interest is the non-compliant harmonics measured by the PQ 
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loggers, which is again a very small fraction of the measurement period.  A summary of non-
compliant harmonics and the scale of non-compliance are shown in Figure 3 and Figure 4.  
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Figure 3 | TC1- Non-compliant even harmonics 

 

Figure 4 |TC1- Non-compliant odd harmonics
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6.2. Feeder TC2 

The PQ logger at the start of the TC2 feeder was installed in the T81 North Newman Recreation Area 
pad-mounted substation between 28/03/2015 and 5/04/2015, thus satisfying the 7 days minimum 
logging duration requirement. 

The PQ logger at the end of the TC2 feeder was installed in the PS14 Bondini Drive substation 
between 24/03/2015 and 4/04/2015, thus satisfying the 7 days minimum logging duration 
requirement. 

As shown in Figure 1 (cyan-coloured feeder), TC2 originates from the Township Substation. 

6.2.1. Flicker 

The logged flicker data for the start and end of feeder-TC2 are shown in Figure 35 and Figure 38 of 
Appendix B (page 51), respectively. 

The non-compliant flicker events and their respective magnitudes and effected-phases are shown in 
Table 6, which is a very small fraction (under 0.1%) of the measurement period.  

Table 6 | TC2 - Summary of non-compliant flicker measurements 

Date 

Non-compliant Short Term Flicker Events 

Feeder – TC2 

Start of Feeder End of Feeder 

Pst  Pst  

24/03/2015 – 17:40:00   1.06 (W Phase) 

25/03/2015 – 17:40:00   
1.64 (R Phase) & 

1.29 (B Phase) 

27/03/2015 – 18:35:00   1.38 (B Phase) 

02/04/2015 - 11:13:40 1.13 (B Phase)   

6.2.1. Voltage Levels 

The logged voltage level data for the start and end of feeder-TC2 are shown in Figure 36 and Figure 
39 in Appendix B (page 51), respectively.  There were no voltage limit events which caused the 
voltage level to breach The Code’s limits, hence full compliance with the Code requirements. 

6.2.1. Frequency 

The logged frequency data for the start and end of feeder-TC2 are shown in Figure 37 and Figure 40 
in Appendix B (page 51) respectively.  There were no notable voltage limit events which caused the 
voltage level to breach The Code’s limits, hence full compliance with the Code requirements. 

6.2.1. Harmonics 

The logged harmonic data for the start and end of feeder TC2 are shown in Figure 41 through Figure 
48 in Appendix B , (page 52).  Of particular interest is the non-compliant harmonics that were 
measured by the PQ loggers, which is a very small fraction of the measurements.  A summary of 
non-compliant harmonics and the scale of their non-compliance are shown in Figure 5 and Figure 6.  
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Figure 5 | TC2- Non-compliant even harmonics 

 

Figure 6 | TC2- Non-compliant odd harmonics 
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6.3. Feeder TC3 

The PQ logger at the start of the TC3 feeder was installed in the PS108 Kurra Subdivision Area pad-
mounted substation between 23/03/2015 and 30/03/2015, thus satisfying the 7 days minimum 
logging duration requirement. 

The PQ logger at the end of the TC3 feeder was installed in the PS69 Giles Avenue substation 
between 23/03/2015 and 30/03/2015, thus satisfying the 7 days minimum logging duration 
requirement. 

As shown in Figure 1 (purple-coloured feeder), TC3 originates from the Township Substation. 

6.3.1. Flicker 

The logged flicker data for the start and end of feeder-TC3 are shown in Figure 49 and Figure 52 of 
Appendix B (page 53), respectively. 

Notable non-compliant flicker events and their respective magnitudes and effected-phases are 
shown in Table 7, which is under 0.2% on the measurement period.  

Table 7 | TC3 - Summary of non-compliant flicker measurements 

Date 

Non-compliant Short Term Flicker Events 

Feeder – TC3 

Start of Feeder End of Feeder 

Pst  Pst  

24/3/2015 – 17:40:00 1.07 (B Phase) 1.03 (W Phase)  

25/03/2015 – 17:40:00 
1.64 (R Phase) & 

1.28 (B Phase) 
1.61 (R Phase) & 

1.29 (B Phase) 

27/03/2015 – 18:35:00  1.36 (R Phase) 

6.3.1. Voltage Levels 

The logged voltage level data for the start and end of feeder-TC3 are shown in Figure 50 and Figure 
53 in Appendix B (page 53) respectively.  There were no notable voltage limit events which caused 
the voltage level to breach The Code’s limits, hence full compliance with the Code. 

6.3.2. Frequency 

The logged frequency data for the start and end of feeder-TC3 are shown in Figure 51 and Figure 54 
in Appendix B (page 53) respectively.  There were no notable voltage limit events which caused the 
voltage level to breach The Code’s limits, hence full compliance with the Code. 

6.3.1. Harmonics 

The logged harmonic data for the start and end of feeder TC3 are shown in Figure 55 through Figure 
62 in Appendix B (page 54).  Of particular interest is the non-compliant harmonics that were 
measured by the PQ loggers (a very small fraction of the measurements).  A summary of non-
compliant even harmonics and the scale of their non-compliance are shown in Figure 7.  
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Figure 7 | TC3- Non-compliant even harmonics 
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6.4. Feeder TC4 

The PQ logger at the start of the TC4 feeder was installed in the PS21 Nimingarra Drive pad-mounted 
substation between 4/04/2015 and 6/04/2015. 

The PQ logger at the end of the TC4 feeder was installed in PS83 Airport substation between 
28/03/2015 and 5/04/2015, thus satisfying the 7 days minimum logging duration requirement. 

As shown in Figure 1 (light-green coloured feeder), TC4 originates from the Township Substation. 

6.4.1. Flicker 

The logged flicker data for the start and end of feeder-TC4 are shown in Figure 63 and Figure 66 of 
Appendix B (page 55) respectively. 

The non-compliant flicker events and their respective magnitudes and effected-phases are shown in 
Table 8, which constitutes under 0.2% of the measurement period. 

Table 8 | TC4 - Summary of non-compliant flicker measurements 

Date 

Non-compliant Short Term Flicker Events 

Feeder – TC4 

Start of Feeder End of Feeder 

Pst  Pst  

2/4/2015 – 11:10:00  1.01 (R Phase) 

5/4/2015 – 14:25:00 
1.91 (R Phase) 
1.93 (W Phase) 
2.91 (B Phase) 

  

5/4/2015 – 20:25:00 1.06 (R Phase)  

 

6.4.2. Voltage Levels 

The logged voltage level data for the start and end of feeder-TC4 are shown in Figure 64 and Figure 
67 in Appendix B (page 55) respectively.  There was only one 5 minute interval where the upper and 
lower voltage limits were exceeded, as shown in Figure 8.  The event occurred at 5/4/2015 14:22:47.  
The over- and under-voltage event(s) coincides with over-frequency data presented below in Section 
6.4.3. Note that these are extremely rare and temporary incidents that cannot be of any l practical 
concern, hence no compliance issues is envisaged.  
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Figure 8 | TC4 – Over- and under-voltage event occurring at 5/4/2015 14:22:47  

6.4.3. Frequency 

The logged frequency data for the start and end of feeder-TC4 are shown in Figure 65 and Figure 68 
in Appendix B (page 55) respectively.  There was only one event where the maximum frequency 
elevated to 51.6 Hz; as shown in Figure 9. Again, the incident is of extremely low probability and 
unlikely to raise any practical concern due to its temporary and isolated nature.  

 

 

Figure 9 | TC4 – Over frequency event logged at the start of the feeder (5/4/2015 14:22:47) 

6.4.1. Harmonics 

The logged harmonic data for the start and end of feeder TC4 are shown in Figure 69 through Figure 
76 in Appendix B (page 56).  Of particular interest is the non-compliant harmonics that were 
measured by the PQ loggers (a very small fraction of the measurements).  A summary of non-
compliant harmonics and the scale of their non-compliance are shown in Figure 10 and Figure 11.  
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Figure 10 | TC4- Non-compliant even harmonics 

 

 

Figure 11 | TC4- Non-compliant odd harmonics 
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6.5. Feeder STS1 

The PQ logger at the start of the STS1 feeder was installed in the PS94 Pardoo Street pad-mounted 
substation between 24/03/2015 and 31/03/2015, thus satisfying the 7 days minimum logging 
duration requirement. 

The PQ logger at the end of the STS1 feeder was installed in PS96 Pardoo Street substation between 
23/03/2015 and 31/03/2015, thus satisfying the 7 days minimum logging duration requirement. 

As shown in Figure 1 (green-coloured feeder), STS2 originates from the Southtown Substation. 

6.5.1. Flicker 

The logged flicker data for the start and end of feeder-STS1 are shown in Figure 77 and Figure 80 of 
Appendix B (page 57), respectively. 

Non-compliant flicker events and their respective magnitudes and effected-phases are shown in 
Table 9, constituting under 0.5% of the measurement samples. 

Table 9 | STS1 - Summary of non-compliant flicker measurements 

Date 

Non-compliant Short Term Flicker Events 

Feeder – STS1 

Start of Feeder End of Feeder 

Pst  Pst  

24/3/2015 – 17:40:00 1.12 (W Phase) 1.13 (W Phase) 

25/3/2015 – 17:40:00 
1.78 (R Phase) 
1.01 (W Phase) 
1.32 (B Phase) 

1.78 (R Phase) 
1.01 (W Phase) 
1.29 (B Phase) 

27/3/2015 – 18:40:00 1.01 (R Phase) 1.02 (R Phase) 

 

6.5.2. Voltage Levels 

The logged voltage level data for the start and end of feeder-STS1 are shown in Figure 78 and Figure 
81 respectively.  There were no notable voltage limit events which caused the voltage level to 
breach The Code’s limits, hence full compliance with the Code. 

6.5.1. Frequency 

The logged frequency data for the start and end of feeder-STS1 are shown in Figure 79 and Figure 81 
in Appendix B (page 57) respectively.  There were no notable voltage limit events which caused the 
voltage level to breach The Code’s limits, hence full compliance with the Code. 

6.5.1. Harmonics 

The logged harmonic data for the start and end of feeder STS1 are shown in Figure 83 through Figure 
90 in Appendix B (page 58).  Of particular interest is the non-compliant harmonics that were 
measured by the PQ loggers (an extremely small fraction of the measurement).  A summary of non-
compliant harmonics and the scale of their non-compliance are shown in Figure 12 and Figure 13.  
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Figure 12 | STS1- Non-compliant even harmonics 

 

Figure 13 | STS1- Non-compliant odd harmonics 
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6.6. Feeder STS2 

The PQ logger at the start of the STS2 feeder was installed in the PS60 Forrest Avenue pad-mounted 
substation between 24/03/2015 and 1/04/2015, thus satisfying the 7 days minimum logging 
duration requirement. 

The PQ logger at the end of the STS2 feeder was installed in the T70 Jabbarup Crescent substation 
between 25/03/2015 and 1/04/2015, thus satisfying the 7 days minimum logging duration 
requirement. 

As shown in Figure 1 (grey-coloured feeder), STS2 originates from the Southtown Substation. 

6.6.1. Flicker 

The logged flicker data for the start and end of feeder-STS2 are shown in Figure 91 and Figure 94 of 
Appendix B (page 59) respectively. 

Non-compliant flicker events and their respective magnitudes and effected-phases are shown in 
Table 10, constituting a very small fraction (i.e., <0.2%) of the measurements. 

 

Table 10 | STS2 - Summary of non-compliant flicker measurements 

Date 

Non-compliant Short Term Flicker Events 

Feeder – STS2 

Start of Feeder End of Feeder 

Pst  Pst  

24/3/2015 – 17:45:00 1.10 (W Phase)  

25/3/2015 – 17:45:00 
1.74 (R Phase) 
1.30 (B Phase) 

1.71 (R Phase) 
1.29 (B Phase) 

27/3/2015 – 18:35:00 1.44 (R Phase) 1.44 (R Phase) 

 

6.6.2. Voltage Levels 

The logged voltage level data for the start and end of feeder-STS2 are shown in Figure 92 and Figure 
95 in Appendix B (page 59 ) respectively.  There were no notable voltage limit events which caused 
the voltage level to breach The Code’s limits, hence full compliance with the Code. 

6.6.1. Frequency 

The logged frequency data for the start and end of feeder-STS2 are shown in Figure 93 and Figure 95 
in Appendix B (page 59) respectively.  There were no notable voltage limit events which caused the 
voltage level to breach The Code’s limits, hence full compliance with the Code. 

6.6.1. Harmonics 

The logged harmonic data for the start and end of feeder STS2 are shown in Figure 97 through Figure 
104 in Appendix B (page 60).  Of particular interest is the non-compliant harmonics that were 
measured by the PQ loggers, which again constitute a very small fraction of the measurement period 
with limits not being met.  A summary of non-compliant harmonics and the scale of their non-
compliance are shown in Figure 14 and Figure 15.  
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Figure 14 | STS2- Non-compliant even harmonics 

 

Figure 15 | STS2- Non-compliant odd harmonics 
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6.7. Feeder STS6 

The PQ logger at the start of the STS6 feeder was installed in the T80 Old LIA pad-mounted 
substation between 28/03/2015 and 5/04/2015, thus satisfying the 7 days minimum logging 
duration requirement. 

The PQ logger at the end of the STS6 feeder was installed in the T41 Newman Drive substation 
between 24/03/2015 and 4/04/2015, thus satisfying the 7 days minimum logging duration rule. 

As shown in Figure 1 (yellow-coloured feeder), STS2 originates from the Southtown Substation. 

6.7.1. Flicker 

The logged flicker data for the start and end of feeder- STS6 are shown in Figure 105 and Figure 108, 
respectively. 

Non-compliant flicker events and their respective magnitudes and effected-phases constitute an 
extremely small fraction (<0.2%) of the measurements, as shown in Table 11. 

Table 11 | STS6 - Summary of non-compliant flicker measurements 

Date 

Non-compliant Short Term Flicker Events 

Feeder – STS6 

Start of Feeder End of Feeder 

Pst  Pst  

24/3/2015 – 17:45:00  1.05 (W Phase) 

25/3/2015 – 17:45:00  1.64 (R Phase) 
1.27 (B Phase) 

27/3/2015 – 18:35:00  1.37 (R Phase) 

2/4/2015 – 11:09:38 1.10 (B Phase)   

2/4/2015 – 11:15:00  1.02 (R Phase) 

 

6.7.2. Voltage Levels 

The logged voltage level data for the start and end of feeder-STS6 are in Figure 106 and Figure 108 in 
Appendix B (page 61) respectively.  There were no notable voltage limit events which caused the 
voltage level to breach The Code’s limits, hence full compliance with the Code. 

6.7.1. Frequency 

The logged frequency data for the start and end of feeder-STS6 are shown in Figure 107 and Figure 
109 in Appendix B (page 61) respectively.  There were no notable voltage limit events which caused 
the voltage level to breach The Code’s limits, hence full compliance with the Code. 

6.7.1. Harmonics 

The logged harmonic data for the start and end of feeder STS6 are shown in Figure 111 through 
Figure 118 in Appendix B (page 62).  Of particular interest is the non-compliant harmonics measured 
by the PQ loggers, which is a very small fraction of the measurement data.  A summary of non-
compliant harmonics and the scale of their non-compliance are shown in Figure 16 and Figure 17.  
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Figure 16 | STS6- Non-compliant even harmonics 

 

Figure 17 | STS6- Non-compliant odd harmonics 
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7. RESPONSE TO THE CODE REQUIREMENTS 

This section contains all of the information required for compliance reporting as detailed in The 
Code “Schedule 1 - Information to be published” and “Part 2 – Quality and reliability standards”.  

 

7.1. Quality and Reliability Standards (Part 2) 

7.1.1. Voltage Fluctuations (Part 2 Division 1 Quality Standards Section 6(2))  

The voltage fluctuations (flicker) of electricity supplied must not exceed the compatibility levels for 
long- and short-term flicker as described in Section 5.1.1.   

The PQ logging results indicate a small number of voltage fluctuation breaches on all feeders 
supplying the township network during the logged periods. Table 12 presents the results for the 
previous three reporting periods together with the 2014/2015 result. The dates and times of their 
occurrence are shown in Table 13. 

Given the results presented in Table 12, a significant improvement is observed over the 2014/15 
FY compared to the measurements of the years before.     
 

Table 12 | Total number of breaches of voltage fluctuation compatibility levels 

Description 

Reportable Period 

2011/2012 2012/2013 2013/2014 2014/2015 

Total number of breaches of Pst 16 5 79 5 

Total number of breaches of Plt 6 1 72 1 

         

Table 13 | Dates and times of non-compliant short-term flicker events 

Date  Time 

24/03/2015 17:45:00 

25/03/2015 17:45:00 

27/03/2015 18:35:00 

2/04/2015 11:09:38 

5/04/2015 14:25:00 

  

7.1.2. Harmonics (Part 2 Division 1 Quality Standards Section 7) 

Within the Code, there are two measures for assessing the power quality of the Newman network.  
The two measures are: 

1 Assessment of individual harmonics and a comparison of their magnitudes against the table 
in Part 2, Division 1, Section 7 of The Code; and 

2 Assessment of the calculated Voltage Total Harmonic Distortion (U-THD) and a comparison 
of its magnitude with The Code’s compliant value of 8%. 
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7.1.2.1. Individual Voltage Harmonics 

Individual, non-compliant harmonics for each respective feeder are already presented in Section 6. 

7.1.2.2. Voltage Total Harmonic Distortions 

The voltage harmonic distortion levels of electricity supplied must not exceed the Voltage Total 
Harmonic Distortion (U-THD) of 8% stated in Part 2, Division 1, Section 7 of the Code.  Table 14 
presents the results for the previous three reporting periods together with the 2014/2015 result.  In 
the 2014/2015, a single event occurred where the maximum U-THD was greater than the 8% limit.  
The average of the U-THD was consistently well within the 8% limit. 
 

Table 14 | Total number of breaches of total harmonic distortion limit 

Description 

Reportable Period 

2011/2012 2012/2013 2013/2014 2014/2015 

Total number of breaches of Voltage Total 
Harmonic Distortion  

2 0 0 1 

 

7.1.3. Voltage Level Compliance (Part 2 Division 2 Quality Standards Section 8 Note (a)) 

This information is not required as part of the reporting requirements of The Code. It has been 
included here to provide a more complete indication of supply PQ. 

According to AS60038-2000 Standard Voltages Section 2, the voltage levels of the electrical network 
must be maintained at +10% and -6% of the supply voltage of 230V single-phase.  

As the voltage measurements were taken at the secondary (LV) side of the pad-mounted 
transformers located at the beginning and the end of each feeder supplying the township, the 
voltage level at the customer’s connection point would be lower than the logged results. The voltage 
drop due to customers’ loads must be limited to 5%, in accordance to AS 3000. The lowest averaged 
minimum voltage levels recorded during the PQ logging period was 236V (end of TC4).  Therefore, it 
is expected that the voltage level at the customer’s connection would be within the required range. 

 

 

Table 15 presents the results for the previous three reporting periods together with the 2014/2015 
result.  In 2014/2015, there were two instances where the voltage level breached the voltage limits. 
Incidentally the two breaches probably occurred in the same event as the two results occurred in the 
same 5 minute interval. 

 

Table 15 | Total number of breaches of voltage level limits 

Description 

Reportable Period 

2011/2012 2012/2013 2013/2014 2014/2015 

Total number of breaches of voltage 
limits 

15 8 0 2 
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7.1.4. Frequency Compliance (Part 2 Division 2 Quality Standards Section 8 Note (b)) 

According to Electricity Act 1945 Section 25(1)(d), the frequency of electricity supplied must be 
maintained at +/-2.5% of the frequency of 50 cycles per second. This information is not required as 
part of the reporting requirements of The Code.  It has been included here to provide a more 
complete indication of supply PQ. 

Table 16 presents the results for the previous three reporting periods together with the 2014/2015 
result.  For the 2014/2015 PQ logging period, there was only one instance where the frequency 
reached 51.6 Hz (greater than the 51.25 Hz upper limit). 
 

Table 16 | Total number of breaches of frequency limits 

Description 

Reportable Period 

2011/2012 2012/2013 2013/2014 2014/2015 

Total number of breaches of frequency 
limits 

0 0 0 1 

 

7.2. Remedial actions taken for breaches of provisions (Schedule 1 Item 4 (b)) 

Newman BHPBIOSA is found very pro-active in establishing and executing asset replacement 
programs in order to sustain and improve power quality and reliability. 

To ensure compliance to Australian Standards, BHPBIOSA proactively undertake annual power 
quality (PQ) logging on the 11kV supply feeders from both Whaleback and Township Substations 
during the summer period. Improvements are continuously implemented based on the PQ logging 
data results, and complaints received from customers related to power quality issues.    

Asset replacements including: 

 Re-conductoring of Homestead Creek and TC3 feeder. 

 Replacement of distribution transformers and associated assets in the Yalara ring; within 
Newman centre; including 16 pad-mounted substations. 

Additionally, a ‘Raiser Bracket’ replacement program has been successfully completed which has 
significantly reduced the number of customer call-outs and complaints. 

The standardisation of assets, particularly strategic spares, has been considered by BHPBIOSA.  The 
manufacturer and size of pole-top transformers has been reduces to two standard transformers; 
hence standardising design, procurement, construction and maintenance.  
 

7.3. Supply interrupted (Schedule 1 Item 5) 

The provisions of The Code have the following requirements: 

“The number of premises of small use customers the supply of electricity to which has been 
interrupted — 

(a) for more than 12 hours continuously; or 

(b) more than the permitted number of times, as that expression is defined in section 
12(1), 

and in the case of interruptions referred to in paragraph (a), the number of interruptions and 
the length of each interruption.” 
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7.3.1. Interruptions Exceeding 12 Hours 

Table 17 presents the interruptions over 12 Hours for small use customer, with no such interruptions 
recorded for 2014/15 FY.  

 

Table 17 | Total number of premises of small customers interrupted continuously for more than 12 hours 

Description 

Reportable Periods 

2011/2012 2012/2013 2013/2014 2014/2015 

Total number of 
premises that 
experienced 

interruptions more 
than 12 hours 

0 1 5 0 

 

7.3.2. Frequent Interruptions (over 16 Instances)  

The permitted number of times a customer can be disconnected in the Newman Township is 16 
interruptions as per Section 12. (1) (b) of The Code.  Analysis of BHPBIOSA’s outage logs indicate that 
the no customers were disconnected move than 15 times. 
 

Table 18 | Total number of premises that experienced more than 16 interruptions  

Description 

Reportable Periods 

2011/2012 2012/2013 2013/2014 2014/2015 

Total number of 
premises that 
experienced 

interruptions more 
than 16 times 

0 0 0 0 

 

7.4. Number of complaints received (Schedule 1 Item 6 and Item 10) 

According to Schedule 1, “complaint” means that a provision of Electricity Code 2005 Part 2; or an 
instrument made under Electricity Code 2005 Section 14(3), has not been, or is not being, complied 
with.  For the reporting period, a total of 3 complaints were made, each associated with billing 
issues, hence no complaints received on the reilabity or quality of the supply. 

Table 19 | Total number of formal complaints lodged to BHPBIOSA 

Description 

Reportable Periods 

2011/2012 2012/2013 2013/2014 2014/2015 

Total number of 
formal complaints 

received 
0 0 0 0 
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7.5. Complaints received in each discrete area (Schedule 1 Items 7 & 10) 

The township of Newman is supplied from an integrated network and there are no discrete areas.  
 

7.6. Total amount spent addressing complaints (Schedule 1 Items 8 & 10)  

There has been no technical complaint over the 2014/15 FY that required BHPBIO’s action. However, 
the complaints related to bill issues which were resolved by the retailing and billing contractor (MBC 
Global). 

 

7.7. Investments over 2014/2015 FY to improve the Reliability of Supply & 
Power Quality  

Table 20 shows the total AUD amount spent in improving the supply quality and reliability and to 
cater for network expansion. It is evident that the investment over 2014/15 FY is larger than those of 
previous years.   
 

Table 20 | Total amount spent by BHPBIOSA in network improvements 

Description 

Reportable Periods 

2011/2012 2012/2013 2013/2014 2014/2015 

Total amount spend 
in dollars (AUD) 

$8.18 million $13.68 million $14.90 million $16.90 million 

 

7.8. Number and Total amount of payments made (Schedule 1 Items 9 & 10) 

This section outlines the total number of payments and the amount of those payments made by 
BHPBIOSA under Sections 18 and 19 of the Code. That is payment for failure to give the require 
notice of planned interruptions and payments for supply interruptions exceeding 12 hours. The was 
no supply interruptions exceeding 12 hours or small customer being disconnected for over 16 times, 
hence no payment needed to be made. 

 

Table 21 | Total number and amount of payments made under Sections 18 and 19 

Description 

Reportable Periods 

2011/2012 2012/2013 2013/2014 2014/2015 

Total number of 
payments 

0 0 0 0 

Total amount of 
payments (AUD) 

0 0 0 0 
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7.9. Reliability of Supply (Schedule 1 Item 11) 

This section covers the requirements of Item 11 of Schedule 1 of The Code, as reproduced below: 

1. “For each discrete area — 

(a) the average length of interruption of supply to customer premises expressed in 
minutes; 

(b) the average number of interruptions of supply to customer premises; 

(c) the average percentage of time that electricity has been supplied to customer 
premises; and 

(d) the average total length of all interruptions of supply to customer premises 
expressed in minutes.” 

In this report, the township of Newman is considered the discrete area. 
 

7.9.1. Average  interruption (Schedule 1 Items 11 (a), 12 and 13) 

The average length of interruption of supply to customer premises for the Newman township 
electrical network is measured in minutes over the course of the 2014/2015 FY. 
 

Table 22 | The average length of interruption of supply to customer premises expressed in minutes (CAIDI) 

Description 

Reportable Period 

2011/2012 2012/2013 2013/2014 2014/2015 Average 

Average length of interruptions - CAIDI  (minutes) 167 95 132 80 118 

 

7.9.2. Average number of interruptions (Schedule 1 Items 11 (b), 12 and 13) 

The average number of interruptions of supply to customer premises for the township of Newman is 
shown in Table 23 . 
 

Table 23 | The average number of interruptions of supply to customer premises (SAIFI) 

Description 

Reportable Period 

2011/2012 2012/2013 2013/2014 2014/2015 Average 

Average supply interruptions – SAIDI (No. of 
Interruptions) 

1.18 2.59 2.40 4.23 2.6 
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7.9.3. Average percentage of time electricity supplied (Schedule 1 Items 11 (c), 12 and 13)  

The average percentage of time that electricity has been supplied to customer premises is shown in 
Table 24. 

 

Table 24 | The average percentage of time that electricity has been supplied to customer premises (ASAI) 

Description 

Reportable Period 

2011/2012 2012/2013 2013/2014 2014/2015 Average 

Average number of supply interruptions 
ASAI (Percentage of time connected) 

99.96% 99.95% 99.94% 99.94% 99.95 

 

7.9.4. Average total length of all interruptions (Schedule 1 Items 11 (d), 12 and 13) 

The average total length of all interruptions of supply to customer premises, expressed in minutes, is 
shown in Table 25 . 
 

Table 25 | The average total length of all interruptions of supply to customer premises in minutes (SAIDI) 

Description 

Reportable Period 

2011/2012 2012/2013 2013/2014 2014/2015 Average 

SAIDI (minutes) 198 245 318 339 275 

 

7.10. Percentile Values (Schedule 1 Items 14 and 15) 

This section outlines the response to schedule 1 items 14 and 15 of the Code. An extract from the 
code requirements is shown below: 

Item 14: “For customer premises in each discrete area, an estimate of the 25th, 50th, 75th, 90th, 
95th, 98th and 100th percentile values of — 

(a) the average length of interruption referred to in item 11(a); 

(b) the number of interruptions; and 

(c) the total length of interruptions.” 

Item 15: “For each category of information in item 14(a), (b) and (c), a graph showing the 
distribution of customer premises across the range of that category.” 

 

7.10.1. Percentile – Average Length of Interruption 

As required by ‘Schedule 1’ of The Code, Table 26 presents the CAIDI results on a percentile basis.   
 

Table 26 | Percentile of the average length of interruption of supply to customer premises in 2014/2015  

Description 25th 50th 75th 90th 95th 98th 100th 

Average Length of Interruption (CAIDI) 106 90 80 80 80 80 80 
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Figure 18 | The average length of interruption (minutes) of supply to customers over 2014/2015 FY 

 

7.10.2. Percentile - Number of interruptions 

As required by ‘Schedule 1’ of The Code, Table 27 presents the SAIFI results on a percentile basis.   

 

Table 27 | Percentile values of the number of interruptions in 2014/2015  

Description 25th 50th 75th 90th 95th 98th 100th 

Number of interruptions (SAIFI) 2.09 3.6 4.2 4.2 4.2 4.2 4.2 

 

 

Figure 19 | Percentile graph showing the number of interruptions in 2014/2015 
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7.10.3. Percentile - Total Length of Interruptions 

As required by ‘Schedule 1’ of The Code, Table 28Table 27 presents the SAIDI results on a percentile 
basis. 

 

Table 28 | Percentile values of the total length of interruptions in 2014/2015 

Description 25th 50th 75th 90th 95th 98th 100th 

Total lengths of interruptions (SAIDI) 222 326 339 339 339 339 339 

  

 

Figure 20 | Percentile graph showing the total length of interruptions (SAIDI) in 2014/2015 
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8. CONCLUSION 

This report addresses all relevant parts; in particular the power quality standards pertaining to each 
of Newman’s 11kV supply network and the reportable requirements as per Part 2 and Schedule 1 of 
the Code. 

With regards to the PQ standards, the average values of all electrical parameters logged over the 
monitoring period of around a week were found well within the limit stipulated by the Code.  That is, 
the average of the following parameter easily complied with the Code: 

 Flicker, as per Part 3.7, Clause 3 of AS 61000:2001 

 RMS Voltage  

 Power System Frequency 

 Voltage 

 Voltage Total Harmonic Distortion (U-THD)  

Note that there are a very limited number of instances (i.e., under 0.5% of the measurement period) 
where the maximum magnitude of certain electrical parameters were found to exceed the limits 
prescribed by the Code.  However, this is not deemed as a major compliance issue due to the 
temporary and extremely isolated nature of the instances.  

Reportable parameters for Newman Township Electricity Supply over the 2014/15 FY (as outlined in 
the ‘Schedule 1’ of the Code) are presented below: 

 >12 hour interruptions: no interruption of over 12 hours duration is recorded for small use 
customers. 

 No small use customer was disconnected from the network more frequent than the Code’s 
requirements (i.e., limit of 16 times). 

 A total of 3 complaints were received, which were all related to the billing issues; hence no 
complaints made by customer on the quality or reliability of supply. 

 Within the 2014/15 FY, a total of $16.9M (AUD) was invested by the network operator 
(BHPBIOSA) towards Newman network operations, maintenance and reinforcement works; 
to not only address the issues identified by the operator but also to significantly improve the 
quality and reliability of supply. 

 The key reliability indices are calculated as listed below: 

O Customer Average Interruption Duration Index (CAIDI) of 80 minutes – CAIDI is the 
average outage duration that any given customer experience (i.e., the average 
restoration time). 

O System Average Interruption Frequency Index (SAIFI) of 4.23 interruptions – SAIFI is 
the number of interruptions that the customers experienced. 

O Average Service Availability Index (ASAI) of 99.94% – ASAI is the perceived availability 
of the network to the customers. 

O System Average Interruption Duration Index (SAIDI) of 339 minutes – SAIDI is the 
average outage duration for each customer served. 

The metering data collected from 14 locations throughout the Newman network indicate that the 
power quality, as so far as is reasonably practical, is compliant with The Code.   However there were 
a number of instances where certain power quality variables did not meet the Code’s requirements. 
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With regards to reliability, the Supply Authority’s outage data indicate that there were a number of 
feeder trips (including the loss of complete zone substations) which have affected the reliability 
indices.  In some cases the substation outages were a result of human error or mal-operation of 
protection.  In other cases, genuine backbone feeder faults have resulted in large-scale loss of 
customers due to the correct operation of protection. 

In summary, this report finds the reliability and quality of the supply for Newman Township network 
in compliance with the Code’s requirements; however, there are areas that require the BHPBIOSA’s 
attention and investment to ensure improved quality of electricity supply in the upcoming years. 
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APPENDIX A  PQ Logging Device 
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APPENDIX B  PQ Logging Data for 2014/2015 FY 

Please refer to the following pages. 
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TC1 – Flicker, Voltage and Frequency 

 

Figure 21 | TC1 - start of feeder – flicker measurements (Blue Phase) 

 

Figure 22 | TC1 - start of feeder – voltage measurements (Red Phase) 

 

Figure 23 | TC1 - start of feeder – frequency measurements (Red Phase) 

 

 

 

Figure 24 | TC1 - end of feeder – flicker measurements (Red Phase) 

 

Figure 25 | TC1 - end of feeder – voltage measurements (Red Phase) 

 

 

Figure 26 | TC1 - end of feeder – frequency measurements (Red Phase) 
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TC1 – Harmonics 

 

Figure 27 | TC1 – start of feeder – 3
rd

 to 13
th

 (odd) harmonics 

 

Figure 28 | TC1 – start of feeder – 15
th

 to 25
th

 (odd) harmonics 

 

Figure 29 | TC1 – start of feeder – 2
th

 to 12
th

 (even) harmonics 

 

Figure 30 | TC1 – start of feeder – 14
th

 to 24
th

 (even) harmonics 

 

 

Figure 31 | TC1 – end of feeder – 3
rd

 to 13
th

 (odd) harmonics 

 

Figure 32 | TC1 – end of feeder – 15
th

 to 25
th

 (odd) harmonics 

 

Figure 33 | TC1 – end of feeder – 2
th

 to 12
th

 (even) harmonics 

 

Figure 34 | TC1 – end of feeder – 14th to 24th (even) harmonics 
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TC2 – Flicker, Voltage and Frequency 

 

 

Figure 35 | TC2 - start of feeder – flicker measurements (Blue Phase) 

 

Figure 36 | TC2 - start of feeder – voltage measurements (Red Phase) 

 

Figure 37 | TC2 - start of feeder – frequency measurements (Red Phase) 

 

 

 

Figure 38 | TC2 - end of feeder – flicker measurements (Red Phase) 

 

Figure 39 | TC2 - end of feeder – voltage measurements (Red Phase) 

 

Figure 40 | TC2 - end of feeder – frequency measurements (Red Phase) 
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TC2 – Harmonics 

 

Figure 41 | TC2 – start of feeder – 3
rd

 to 13
th

 (odd) harmonics 

 

Figure 42 | TC2 – start of feeder – 15
th

 to 25
th

 (odd) harmonics 

 

Figure 43 | TC2 – start of feeder – 2
th

 to 12
th

 (even) harmonics 

 

Figure 44 | TC2 – start of feeder – 14
th

 to 24
th

 (even) harmonics 

 

 

 

 

 

Figure 45 | TC2 – end of feeder – 3
rd

 to 13
th

 (odd) harmonics 

 

Figure 46 | TC2 – end of feeder – 15
th

 to 25
th

 (odd) harmonics 

 

Figure 47 | TC2 – end of feeder – 2
th

 to 12
th

 (even) harmonics 

 

Figure 48 | TC2 – end of feeder – 14th to 24th (even) harmonics 
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TC3 – Flicker, Voltage and Frequency 

 

 

Figure 49 | TC3 - start of feeder – Disregards results – device turned on before installation 

 

Figure 50 | TC3 - start of feeder – voltage measurements (Red Phase) 

 

Figure 51 | TC3 - start of feeder – frequency measurements (Red Phase) 

 

 

 

Figure 52 | TC3 - end of feeder – flicker measurements (Red Phase) 

 

Figure 53 | TC3 - end of feeder – voltage measurements (Red Phase) 

 

Figure 54 | TC3 - end of feeder – frequency measurements (Red Phase) 
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TC3 – Harmonics 

 

Figure 55 | TC3 – start of feeder – 3
rd

 to 13
th

 (odd) harmonics 

 

Figure 56 | TC3 – start of feeder – 15
th

 to 25
th

 (odd) harmonics 

 

Figure 57 | TC3 – start of feeder – 2
th

 to 12
th

 (even) harmonics 

 

Figure 58 | TC3 – start of feeder – 14
th

 to 24
th

 (even) harmonics 

 

 

 

 

Figure 59 | TC3 – end of feeder – 3
rd

 to 13
th

 (odd) harmonics 

 

Figure 60 | TC3 – end of feeder – 15
th

 to 25
th

 (odd) harmonics 

 

Figure 61 | TC3 – end of feeder – 2
th

 to 12
th

 (even) harmonics 

 

Figure 62 | TC3 – end of feeder – 14th to 24th (even) harmonics 



 

 
55 | P a g e  

TC4 – Flicker, Voltage and Frequency 

 

 

Figure 63 | TC4 - start of feeder – flicker measurements (Blue Phase) 

 

Figure 64 | TC4 - start of feeder – voltage measurements (Red Phase) 

 

Figure 65 | TC4 - start of feeder – frequency measurements (Red Phase) 

 

 

 

Figure 66 | TC4 - end of feeder – flicker measurements (Red Phase) 

 

Figure 67 | TC4 - end of feeder – voltage measurements (Red Phase) 

 

 

Figure 68 | TC4 - end of feeder – frequency measurements (Red Phase)  



 

 
56 | P a g e  

TC4 – Harmonics 

 

Figure 69 | TC4 – start of feeder – 3
rd

 to 13
th

 (odd) harmonics 

 

Figure 70 | TC4 – start of feeder – 15
th

 to 25
th

 (odd) harmonics 

 

Figure 71 | TC4 – start of feeder – 2
th

 to 12
th

 (even) harmonics 

 

Figure 72 | TC4 – start of feeder – 14
th

 to 24
th

 (even) harmonics 

 

 

 

Figure 73 | TC4 – end  of feeder – 3
rd

 to 13
th

 (odd) harmonics 

 

Figure 74 | TC4 – end  of feeder – 15
th

 to 25
th

 (odd) harmonics 

 

Figure 75 | TC4 – end  of feeder – 2
th

 to 12
th

 (even) harmonics 

 

Figure 76 | TC4 – end  of feeder – 14
th

 to 24
th

 (even) harmonics 
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STS1 – Flicker, Voltage and Frequency 

 

Figure 77 | STS1 - start of feeder – flicker measurements (Blue Phase) 

 

Figure 78 | STS1 - start of feeder – voltage measurements (Red Phase) 

 

Figure 79 | STS1 - start of feeder – frequency measurements (Red Phase) 

 

 

 

Figure 80 | STS1 - end of feeder – flicker measurements (Blue Phase) 

 

Figure 81 | STS1 - end of feeder – voltage measurements (Red Phase) 

 

Figure 82 | STS1 - end of feeder – frequency measurements (Red Phase)  
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STS1 – Harmonics 

 

 

Figure 83 | STS1 - start of feeder – flicker measurements 

 

Figure 84 | STS1 – start of feeder – 15
th

 to 25
th

 (odd) harmonics 

 

 

Figure 85 | STS1 – start of feeder – 2
th

 to 12
th

 (even) harmonics 

 

Figure 86 | STS1 – start of feeder – 14
th

 to 24
th

 (even) harmonics 

 

 

 

Figure 87 | STS1 - end of feeder – flicker measurements 

 

Figure 88 | STS1 – end of feeder – 15
th

 to 25
th

 (odd) harmonics 

 

 

Figure 89 | STS1 – end of feeder – 2
th

 to 12
th

 (even) harmonics 

 

Figure 90 | STS1 – start of feeder – 14
th

 to 24
th

 (even) harmonics 
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STS2 – Flicker, Voltage and Frequency 

 

Figure 91 | STS2 - start of feeder – flicker measurements (Red Phase) 

 

Figure 92 | STS2 - start of feeder – voltage measurements (Red Phase) 

 

Figure 93 | STS2 - start of feeder – frequency measurements (Red Phase) 

 

Figure 94 | STS2 - end of feeder – flicker measurements (Red Phase) 

 

Figure 95 | STS2 - end of feeder – voltage measurements (Red Phase) 

 

Figure 96 | STS2 - end of feeder – frequency measurements (Red Phase)

STS2 – Harmonics 
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Figure 97 | STS2 - start of feeder – flicker measurements 

 

Figure 98 | STS2 – start of feeder – 15
th

 to 25
th

 (odd) harmonics 

 

 

Figure 99 | STS2 – start of feeder – 2
th

 to 12
th

 (even) harmonics 

 

Figure 100 | STS2 – start of feeder – 14
th

 to 24
th

 (even) harmonics 

 

Figure 101 | STS2 - end of feeder – flicker measurements 

 

Figure 102 | STS2 – end of feeder – 15
th

 to 25
th

 (odd) harmonics 

 

Figure 103 | STS2 – end of feeder – 2
th

 to 12
th

 (even) harmonics 

 

Figure 104 | STS2 – start of feeder – 14
th

 to 24
th

 (even) harmonics 
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STS6 – Flicker, Voltage and Frequency 

 

Figure 105 | STS6 - start of feeder – flicker measurements (Red Phase) 

 

Figure 106 | STS6 - start of feeder – voltage measurements (Red Phase) 

 

Figure 107 | STS6 - start of feeder – frequency measurements (Red Phase) 

 

Figure 108 | STS6 - end of feeder – flicker measurements (Red Phase) 

 

Figure 109 | STS6 - end of feeder – voltage measurements (Red Phase) 

 

Figure 110 | STS6 - end of feeder – frequency measurements (Red Phase) 
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STS6 – Harmonics 

 

Figure 111 | STS6 - start of feeder – flicker measurements 

 

Figure 112 | STS6 – start of feeder – 15
th

 to 25
th

 (odd) harmonics 

 

Figure 113 | STS6 – start of feeder – 2
th

 to 12
th

 (even) harmonics 

 

Figure 114 | STS6 – start of feeder – 14
th

 to 24
th

 (even) harmonics 

 

Figure 115 | STS6 – end of feeder – flicker measurements 

 

Figure 116 | STS6 – end of feeder – 15
th

 to 25
th

 (odd) harmonics 

 

Figure 117 | STS6 – end of feeder – 2
th

 to 12
th

 (even) harmonics 

 

Figure 118 | STS6 – end of feeder – 14th to 24th (even) harmonics
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APPENDIX C  PQ Device Installation Checklist 
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APPENDIX D   Electrical Faults Log for 2014/15 FY 

 


























































	Hioki 3198 PQA Combo.pdf
	Hioki 3198 PQA_Page_01
	Hioki 3198 PQA_Page_02
	Hioki 3198 PQA_Page_03
	Hioki 3198 PQA_Page_04
	Hioki 3198 PQA_Page_05
	Hioki 3198 PQA_Page_06
	Hioki 3198 PQA_Page_07
	Hioki 3198 PQA_Page_08
	Hioki 3198 PQA_Page_09
	Hioki 3198 PQA_Page_10
	Hioki 3198 PQA_Page_11
	Hioki 3198 PQA_Page_12
	Hioki 3198 PQA_Page_13
	Hioki 3198 PQA_Page_14
	Hioki 3198 PQA_Page_15
	Hioki 3198 PQA_Page_16

	Hioki 3196 PQA Combo.pdf
	Hioki 3196 PQA_Page_01
	Hioki 3196 PQA_Page_02
	Hioki 3196 PQA_Page_03
	Hioki 3196 PQA_Page_04
	Hioki 3196 PQA_Page_05
	Hioki 3196 PQA_Page_06
	Hioki 3196 PQA_Page_07
	Hioki 3196 PQA_Page_08
	Hioki 3196 PQA_Page_09
	Hioki 3196 PQA_Page_10
	Hioki 3196 PQA_Page_11
	Hioki 3196 PQA_Page_12

	Combined.pdf
	PS21 Nimingarra Drive
	PS60 Forrest St
	PS70 Jabarrup Cres
	PS83 Airport
	T80 Whaleback Drive
	T81 Kurra Street


