BHP BILLITON IRON ORE
NEWMAN TOWNSHIP ELECTRICITY SUPPLY

ANNUAL COMPLIANCE REPORT
2017/2018

REVISION B

15/08/2018
APD Job Number: W_APD05688



REVISION HISTORY

Document Revision History

Revision ‘ Description Prepared By Checked By Approved By
A Issued for Internal Review T. McQueen J. Goodchild - 9/08/2018
B Re-issued for Client Review F. Farooq J. Goodchild M. Mohseni 15/08/2018

PREPARED FOR

Gary Hunter

Superintendent Eastern

WAIO Maintenance — HV & Power
BHP Billiton Iron Ore

T (08) 9175 3445

E Gary.Hunter@bhp.com

Newman Exploration Building, Welsh Drive, Newman, WA 6753

RESPOND TO

Mansour Mohseni (PhD, CPEng)
Manager

Earthing & Power System Engineering
APD Engineering

T 1300273 797 | M +61 459 996 022

E mansour.mohseni@apdeng.com.au

L16, 200 St Georges Terrace, Perth, WA 6000

Copyright

© 2018, Alliance Power and Data, All rights reserved.

This document is subject to copyright. Use, copying or transmission of this document in whole or part without the prior
written permission of Alliance Power and Data constitutes an infringement of copyright.

APD 2o


mailto:Gary.Hunter@bhp.com
mailto:mansour.mohseni@apdeng.com.au

EXECUTIVE SUMMARY

BHP Billiton Iron Ore own and operate numerous iron ore mines located at the Pilbara region of WA.
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 the 30" 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 utilizes two
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 the network operator (BHPBIOSA).

The Code is written in four Parts plus a reporting-requirements Schedule; as listed in the following:

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

Part 2: Quality and reliability standards (further partitioned into 4 divisions).
Part 3: Payment to customers for lack of regulatory adherence.

Part 4: Incidental duties as a Supply Authority.

Schedule 1: Information to be published in this report.

Nous

This Annual Compliance Report presents the relevant parts of the Code listed above; in particular:

e Power Quality criteria pertaining to Newman'’s distribution network (measured across 7
feeders supplying the town, of which 4 are connected to Town Substation and the remaining
3 are fed from South Town Substation); and

e The reportable requirements as outlined in Part 2 and Schedule 1 of the Code, for the
2017/18 Financial Year (FY).

With regards to the site measurements, the average values of electrical parameters were logged
over a period of 7 days, at 10-minutes intervals. PQ indices were then calculated and found, in large,
well within the limits stipulated by the Code. That is, the averages of the following parameters are
proven to meet the Code’s requirements:

e Voltage Flicker (short- and long-term criteria);
e RMS Voltage Magnitude;

e Power System Frequency; and

e Voltage Total Harmonic Distortion (U-THD).

The following minor compliance issues were however identified:

e The individual Voltage Harmonic Distortions, mostly for the feeders supplied from
Town Substation. The magnitude of voltage’s even harmonics (specifically 6™ order)
is found to occasionally exceed the limits set by AS 61000:2001, which in turn
indicate the presence of unbalanced 3-phase loads with possible DC component in
the network. This is not a problem of major concern at the present time (as observed
for <2% of the measurements). However, should it further exacerbate in coming
years, then mitigation measures may be required to ensure quality of supply.
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e Short-term flicker events were found to have exceeded the limits set by ‘the code’ for TC2,
TC3, TC4, STS2 and STS6 feeders. The frequency of occurrence of such exceedances
constitutes a very small fraction (i.e, under 0.2%) of the total measurements period. Hence,
it is not deemed of a practical concern at this stage and will only need to be monitored over
the coming years.

e There are few voltage limit events in exceedance of the limits set by AS/NZS 3000:2007 for
TC2 and TC4 feeders. The frequency of occurrence of the exceedances constitutes a very
small fraction (i.e, under 0.2%) of the total measurements period. Hence, it is not deemed
of a practical concern at this stage but needs to be monitored over the coming years.

Reportable parameters for Newman Township Electricity Supply over the 2017/18 FY (as outlined in
the ‘Schedule 1’ of the Code) are presented below:

= >12 hour interruptions: No interruptions were recorded to have exceeded 12 hours.

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

=  No complaints were received from customers during FY 2017/2018.

= Within the 2017/18 FY, an estimated total of $16M was invested by BHPBIOSA towards
Newman network operations, maintenance and reinforcement works; to not only address
the issues identified by the operator but also to improve the quality and reliability of supply.

= The key reliability indices are calculated as listed below:

e Customer Average Interruption Duration Index (CAIDI) of 33 minutes — CAIDI is the
average outage duration that any given customer experience (i.e., the average
restoration time).

e System Average Interruption Frequency Index (SAIF1) of 1.07 interruptions — SAIFI is
the number of interruptions that the customers experienced.

e Average Service Availability Index (ASAI) of 99.99% — ASAl is the perceived availability
of the network to the customers.

e System Average Interruption Duration Index (SAIDI) of 35 minutes — SAIDI is the
average outage duration for each customer served.

In summary, the metering data collected from 14 locations throughout the Newman network
indicate that the power quality is compliant with the requirements set in the code. With regards to
the reliability of the supply, the overall network performance is deemed satisfactory when compared
to the same indices for previous FY. As such, this report finds the reliability and quality of the supply
for Newman Township network in compliance with the Code’s requirements.
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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 2,385 registered premises comprised of a mixture of
residential and commercial customers (compared to 2,395 customers for 2016/17 FY).

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 2017 to 30th of June 2018.
Measurement information is based on sampled data and outlined in Section 6, whereas outage
information is based on data provided by BHPBIOSA and outlined in Section 7.

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 in this report.
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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 (2017/2018 FY).
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3. METHODOLOGY

The electricity supply compliance review entailed the following processes:

1. The temporary installation of PQ loggers at the beginning and end of the 11kV feeders
emanating from the Town and Southtown Substations (a total of 14 loggers, 2 for each
feeder were installed). Each PQ logger was installed on the low voltage (LV) side of pad-
mounted transformers. The measuring period lasted between 8 and 10 days between
February to April 2018. The PQ 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 & 3198 PQ Analysers.
3. The receipt of the following information from BHPBIOSA:

= Network outage information for planned and forced outages for the Newman
Township during the 2017/2018 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 the HIOKI 3196 and HIOKI 3198
PQ Analysers. The 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 device can measure multiple waveforms and transient events simultaneously using 4
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 PQ parameters (further information
pertaining to the HIOKI 3196 and 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 V2.50).

4.2.PQ Devices

4.2.1. Locations and In-service Period

A total of 14 PQ loggers were deployed across 14 locations on the Newman TC1, TC2, TC3, TC4, STS1,
STS2, and STS6 feeders. The installation locations and times are 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.

All loggers were installed on the LV (secondary) side of pad-mount transformers. Due to the

difficulty and safety issues surrounding the installation the loggers on the LV side of pole-top

transformer.

Table 1 | PQ Logger Locations

Zone Subs Feeder Name Start or End Substation Date Installed Date Removed
of Feeder Name
Start PS3 22/02/2018 12:17 02/03/2018 10:17
el End PS68 14/02/2018 21:50 22/02/2018 08:40
Start PS10 23/02/2018 07:45 02/03/2018 10:05
Te End PS14 05/03/2018 14:07 15/03/2018 13:57
Township Start PS108 23/02/2018 08:14 02/03/2018 08:44
e End PS69 05/02/2018 14:37 13/02/2018 12:37
Start PS125 05/02/2018 16:08 13/02/2018 11:48
Tca End PS15 05/03/2018 12:23 15/03/2018 11:03
Start PS94 22/02/2018 14:37 02/03/2018 13:07
e End PS25 03/04/2018 12:10 14/04/2018 14:20
South Town Start PS60 14/02/2018 08:53 22/02/2018 08:33
3152 End PS70 03/04/2018 15:09 14/04/2018 16:07
Start PS127 03/04/2018 13:55 14/04/2018 13:05
316 End PS121 05/02/2018 17:40 13/02/2018 15:20

APD

17| Page




—

| m——daa
-

hoat Def i TV A TASAST TO VWA

e GRAT

CASCH ARLAVAVT INU AWSS FOR UPGATER

07-01-20%

MSELRN, VSR AN, BRSO

Figure 1 | Single line diagram of the Newman township (coloured circles indicate the location of PQ loggers)
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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 five 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 ) at 5 minutes per sample;
and at the end of every sampling interval the three 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.

SYSTEM_DF1 [RECORD] TIME PLOT Interval (setting period)

Approe. 200 ms aggregation (30 Hz: 10 cycles, 680 Hz: 12 cycles)

WA AR AR - AR
< - ~ > < - ~ >

I

!

FEMS value 1 | M value 2 | RMS value 3 | ———————— | WS value N |
| | i

1

!

-..__,l_.r Example
| MAX RIS vislug: [ AVE RMS wathees ] MIN RMS warkee: ] when interval Tmin
Recording Recording Recording N=300

Figure 2 | Sampling and interval recording philosophy used in the Hioki PQ loggers (from Hioki Manual)
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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 2, and are a measure of the voltage
quality limits over a 10 minute and 2-hour interval for short- (Pst) and long-term (P/t) flicker.

Table 2 | Long & short-term flicker limits

Symbol Value

Short Term - Psr 1.0
Long Term — Pt 0.8

5.1.2. Voltage Levels

In accordance with AS3000:2007 the voltage levels of the electrical network must be maintained at
+10, -6% of the nominal supply voltage of 240V 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 3.

Table 3 | Harmonic Compatibility Level

Compatibility levels for harmonic voltages (in percent of nominal voltage)

0Odd harmonics (non-multiple of 3) 0Odd harmonics (multiple of 3)

Order (h) ‘ Harmonic Voltage %

Even Harmonics

Order (h) Harmonic Voltage % Order (h) | Harmonic Voltage %

17 >21 0.2 10
19 15 12 0.2
23 15 >12 0.2
25 15

>25 0.2 +1.3(25/h)

Note — Total harmonic distortion (THD): 8%

APD
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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 (e.g.
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.

~_ 2.Customer Interrupton Durations  SAIDI
CAIDIMmutes = - =
2. Customer Interruptons SAIFI

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.

2. Number of Sustained DX Customer Interruptons
Number of DX Customers Served

SAIFI Interruptions =

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.

ASAlpercent = 1— M

8760

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.

> .Sustained DX Customer Interruptbn Durations
Number of DX Customers Served

SAIDlwinutes =
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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 PS3 Callawa Way substation
between 22/02/2018 and 02/03/2018, thus satisfying the 7 days minimum logging duration
requirement.

The PQ logger at the end of the TC1 feeder was installed in the PS68 Capricorn Oval substation
between 14/02/2018 and 22/02/2018, thus satisfying the 7 days minimum logging duration
requirement. As shown in Figure 1 (orange feeder), TC1 originates from the Township substation.
The TC1 feeder is a feeder that supplies a number of older distribution substations.

6.1.1. Flicker

The logged flicker data for the start and end of the TC1 feeder is shown from Figure 22 to Figure 24
and from Figure 25 to Figure 27 of Appendix B . There were no recorded flicker limit events causing
the flicker level to breach the Code’s limits (i.e. full compliance with the Code requirements).

6.1.2. Voltage

The logged voltage level data for the start and end of the TC1 feeder is shown from Figure 28 to
Figure 3030 and from Figure 31 to Figure 33 in Appendix B, respectively. There were no recorded
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 the TC1 feeder is shown in Figure 34 and Figure
35 of Appendix B . There were no recorded frequency limit events causing the voltage level to
breach the Code’s limits (i.e. full compliance with the Code requirements).

6.1.4. Voltage THD

The logged voltage THD level data for the start and end of the TC1 feeder are shown from Figure 36
to Figure 38 and from Figure 39 to Figure 41 in Appendix B There were no noted voltage limit events
causing the voltage THD level to breach the Code’s limits (i.e. full compliance with the Code
requirements).

6.1.5. Harmonics

The logged harmonic data for the start and end of the TC1 feeder is shown in Figure 42 to Figure 45
and Figure 46 to Figure 49 in Appendix B, respectively.

A summary of non-compliant harmonics and the scale of non-compliances is shown in Figure 3 and
Figure 4. It should be noted that the Power Quality measurements on the TC1 feeder given in the
“W_APD05079 2016-2017 Annual Compliance Report” indicated that on a number of occassions, the
6™ harmonics of the voltage were found to exceed the limits set by AS/NZS 61000:2001 (i.e., larger
than 0.5%).

The number of 6" harmonic exceedances appears to have remained similar to that of the previous
years measurements. However, the overall number of non-compliant even-harmonics appears to
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have increased this year with a multitude of 24™ harmonics of the voltage also found to be in
exceedance of the limits set by AS/NZS 61000:2001 (i.e., larger than 0.2%). Similar to the previous
years’ assessment, the even harmonic exceedances are attributed to unbalanced 3-phase loads,
possibly with DC component, supplied from Town Substation [R Dugan et al, Electrical Power
Systems Quality book, 3rd Edition, 2012]. The compliance issue is observed for <2% of the
measurement period, hence of no major concern at the present but should it exacerbate in coming
years, then mitigation measure (e.g., passive or active filters) are required to avoid undesirable
consequences such as excessive neutral current, overheated installations, malfunction of protection
devices and mis-operation or failure of electronic equipment.

Note that no non-compliant odd harmonics were observed during the logging period on the TC1
feeder, hence graphs depicting the non-compliant odd harmonics not presented.
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Figure 3 | TC1 feeder — Start — Non-compliant even harmonics
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Figure 4 | TC1 feeder — End — Non-compliant even harmonics
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6.2. FeederTC2

The PQ logger at the start of the TC2 feeder was installed in the PS10 McLennan Drive substation
between 23/02/2018 and 02/03/2018, 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 05/03/2018 and 15/03/2018, thus satisfying the 7 days minimum logging duration
requirement. As shown in Figure 1 (cyan feeder), TC2 originates from the Township substation.

6.2.1. Flicker

The logged flicker data for the start and end of the TC2 feeder is shown in Figure 50 to Figure 52 and
Figure 53 to Figure 55 of Appendix B, respectively.

’

Table 4 details the short-term flicker events found to be in exceedance of the limits set by ‘the Code
including their respective magnitudes and affected phases. The frequency of occurrence of the
exceedances constitutes a very small fraction (i.e., under 0.2%) of the total measurements period,
hence of no practical concern at this stage.

Table 4 | Summary of Results - Short Term Flicker Events - Feeder TC2

Magnitude of Short Term Flicker (Ps) Events

Date & Time

Start of Feeder End of Feeder

R Phase —1.08
05/03/2018 18:26 W Phase — 1.08
B Phase — 1.08
R Phase —1.36
14/03/2018 15:16 W Phase —1.34
B Phase —1.35

6.2.2. Voltage

The logged voltage level data for the start and end of the TC2 feeder is shown from Figure 56 to
Figure 58 and from Figure 59 to Figure 61 of Appendix B, respectively.

Table 5 details the voltage limit events found to be in exceedance of the limits set by AS/NZS
3000:2007 including their respective magnitudes and affected phases. The frequency of occurrence
of the exceedances constitutes a very small fraction (i.e., under 0.2%) of the total measurements
period, hence of no practical concern at this stage.

Table 5 | Summary of Results - Voltage Events - Feeder TC2

Magnitude of Voltage Limit Events

Date & Time

Start of Feeder End of Feeder

R Phase —221.05V
05/03/2018 18:21 W Phase — 220.39V
B Phase —222.09V
R Phase —221.58V
14/03/2018 15:11 W Phase — 220.79V
B Phase —222.09V

6.2.3. Frequency

The logged frequency data for the start and end of the TC2 feeder is shown in Figure 62 and Figure
63 of Appendix B, respectively. There were no recorded frequency limit events causing the voltage
level to breach the Code’s limits (i.e. full compliance with the Code requirements).

ApD 25 |Page



6.2.4. Voltage THD

The logged voltage THD level data for the start and end of the TC2 feeder is shown from Figure 64 to
Figure 66 and from Figure 67 to Figure 69 in Appendix B, respectively. There were no noted voltage
limit events causing the voltage THD level to breach the Code’s limits (i.e. full compliance with the
Code requirements).

6.2.5. Harmonics

The logged harmonic data for the start and end of the TC2 feeder is shown from Figure 70 to Figure
73 and from Figure 74 to Figure 77 in Appendix B, respectively.

A summary of non-compliant harmonics and the scale of non-compliances are shown in Figure 5 to
Figure 6. The voltage’s 6™ to 12" even harmonics are observed to exceed their respective limits in a
number of occassions. With respect to the previous reporting period (2016/17 FY), the compliance
issue appears to have not exacerbated significantly, hence further investigation and monitoring is
required in the coming years to ensure full compliance with the Code’s requirements — refer to
Section 6.1.5 for further details.

Note that no non-compliant odd harmonics were observed during the logging period on the TC1
feeder, hence graphs depicting the non-compliant odd harmonics not presented.
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Figure 5 | TC2 feeder — Start — Non-compliant even harmonics
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Figure 6 | TC2 feeder — End — Non-compliant even harmonics
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6.3. FeederTC3

The PQ logger at the start of the TC3 feeder was installed in the PS108 Less Tutt Drive substation
between 23/02/2018 and 02/03/2018, 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 05/02/2018 and 13/02/2018, thus satisfying the 7 days minimum logging duration
requirement. As shown in Figure 1 (purple feeder), TC3 originates from the Township substation.

6.3.1. Flicker

The logged flicker data for the start and end of the TC3 feeder is shown in Figure 78 to Figure 80 and
Figure 81 to Figure 83 of Appendix B, respectively.

Table 6 details the short-term flicker events found to be in exceedance of the limits set by ‘the Code’
including their respective magnitudes and affected phases. The frequency of occurrence of the
exceedances constitutes a very small fraction (i.e., under 0.1%) of the total measurements period,
hence of no practical concern at this stage.

Table 6 | Summary of Results - Short Term Flicker Events - Feeder TC3

Magnitude of Short Term Flicker (Ps) Events

Date & Time

Start of Feeder End of Feeder
12/02/2018 17:46 B Phase —1.08

6.3.2. Voltage

The logged voltage level data for the start and end of the TC3 feeder is shown from Figure 84 to
Figure 86 and from Figure 87 to Figure 89 of Appendix B, respectively. There were no recorded
voltage limit events causing the voltage level to breach the Code’s limits (i.e. full compliance with
the Code requirements).

6.3.3. Frequency

The logged frequency data for the start and end of the TC3 feeder is shown in Figure 90 and Figure
91 of Appendix B, respectively. There were no recorded frequency limit events causing the voltage
level to breach the Code’s limits (i.e. full compliance with the Code requirements).

6.3.4. Voltage THD

The logged voltage THD level data for the start and end of the TC3 feeder is shown from Figure 92 to
Figure 94 and from Figure 95 to Figure 97 in Appendix B, respectively. There were no noted voltage
limit events causing the voltage THD level to breach the Code’s limits (i.e. full compliance with the
Code requirements).

6.3.5. Harmonics

The logged harmonic data for the start and end of the TC3 feeder is shown in Figure 98 to Figure 101
and Figure 102 to Figure 105 in Appendix B, respectively.

A summary of non-compliant harmonics and the scale of non-compliances are shown in Figure 7 to
Figure 9. Given the temporary and random nature of the breaches, they are not deemed of any
practical concern (i.e. not deemed as compliance issues).

Note that no non-compliant odd harmonics were observed during the logging period on the PS108
TC3 feeder (start), hence the graph depicting the non-compliant odd harmonics is not presented.
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Figure 8 | TC3 feeder — End — Non-compliant even harmonics

29| Page



Non-Compliant Odd Harmonics

®3

<
—

— M wm ~ o~ m
(¥ o T = AT B e B B o B N |
] ] o ® o 0 0
L ]
~ -~ o« Qo < ~
— o o o o
NwWI7 JlUow.eH Jo Jun Jad

®25

o

9b'T€0T 8T0Z/Z0/€T
9b'T€:90 8T0Z/Z0/€T
9b'T€:20 8T0Z/T0/ET
9b'T€:22 8102/20/TT
9b'T€:8T 8102/20/TT
9 TE YT 8102/20/TT
9b'T€0T 8102/20/TT
9b'T€:90 8102/20/TT
9b'T€:20 8102/20/TT
9b'T€:22 8T0Z/Z0/TT
9t T€:81 8T0T/T0/1IT
9t T €T 8T0T/T0/TT
9b'T€0T 8T02/20/TT
9% T€:90 8T0T/T0/TT
9% T€:20 8T0T/T0/IT
9b'T€:22 8102/20/0T
9b'T€:8T 8102/20/0T
9 TE YT 8102/20/0T
9b'T€:0T 8102/20/0T
9b'T€:90 8102/20/0T
9b'T€:20 8102/20/0T
9% T€:7¢ 8102/20/6
9 1€:81 8107/20/6
¥ TE YT 8102/20/6
9% T€:0T 8102/20/6
9% T€:90 8102/20/6
9T €70 8102/20/6
9 T€:7¢ 8102/20/8
9 T€:81 8107/20/8
9 TE YT 8102/20/8
9 T€:0T 8102/20/8
9% T€:90 8102/20/8
9T €70 8107/20/8
9% T€:7C 8102/20/L
9% T€:8T 8107/20/L
v TE YT 8102/20/L
9% T€:0T 8102/20/L
9% T€:90 8102/20/L
9T €70 8102/20/L
9 T€:7¢ 8102/20/9
9 T€:81 8107/20/9
9 TE YT 8102/20/9
9 T€:0T 8102/20/9
9 T€:90 8102/20/9
9t:T€:70 8102/20/9
9 1€:7¢ 8T02/20/S
9 1€:8T 8102/20/S

9t:TE€ T 810T/20/S

Date and Time

Figure 9 | TC3 feeder — End — Non-compliant odd harmonics
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6.4. FeederTC4

The PQ logger at the start of the TC4 feeder was installed in the PS125 Bubbacurry Loop substation
and was installed between 05/02/2018 and 13/02/2018, thus satisfying the 7 days minimum logging
duration requirement. The PQ logger at the end of the TC4 feeder was installed in the PS15 Karrawan
Way substation and was installed between 05/03/2018 and 15/03/2018, thus satisfying the 7 days
minimum logging duration requirement. As shown in Figure 1 (light-green feeder), TC4 originates from
the Township substation.

6.4.1. Flicker

The logged flicker data for the start and end of the TC4 feeder is shown from Figure 106 to Figure 108
and from Figure 109 to Figure 111 of Appendix B, respectively.

Table 7 details the short-term flicker events found to be in exceedance of the limits set by ‘the Code’
including their respective magnitudes and affected phases. The frequency of occurrence of the
exceedances constitutes a very small fraction (i.e., under 0.2%) of the total measurements period,
hence of no practical concern at this stage.

Table 7 | Summary of Results - Short Term Flicker Events - Feeder TC4

Magnitude of Short Term Flicker (Ps) Events

Date & Time
Start of Feeder End of Feeder

R Phase —1.09
05/03/2018 16:02 W Phase — 1.09
B Phase —1.09
R Phase —1.37
14/03/2018 12:52 W Phase — 1.35
B Phase —1.36

6.4.2. Voltage

The logged voltage level data for the start and end of the TC4 feeder are shown in Figure 112 to Figure
114 and Figure 115 to Figure 117 of Appendix B, respectively.

Table 8 details the voltage limit events found to be in exceedance of the limits set by AS/NZS
3000:2007 including their respective magnitudes and affected phases. The frequency of occurrence
of the exceedances constitutes a very small fraction (i.e., under 0.2%) of the total measurements
period, hence of no practical concern at this stage.

Table 8 | Summary of Results - Voltage Events - Feeder TC4

Magnitude of Voltage Limit Events

Date & Time
Start of Feeder End of Feeder

R Phase —221.65V
05/03/2018 15:57 W Phase —221.29V
B Phase —222.51V

R Phase —219.53V
14/03/2018 12:47 W Phase — 218.99V
B Phase —220.07V

6.4.3. Frequency

The logged frequency data for the start and end of the TC4 feeder is shown in Figure 118 and Figure
119 of Appendix B . There were no recorded frequency limit events causing the voltage level to breach
the Code’s limits (i.e. full compliance with the Code requirements).
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6.4.4. Voltage THD

The logged voltage THD level data for the start and end of the TC4 feeder is shown from Figure 120 to
Figure 122 and from Figure 123 to Figure 125 in Appendix B, respectively. There were no noted voltage
limit events causing the voltage THD level to breach the Code’s limits (i.e. full compliance with the
Code requirements).

6.4.5. Harmonics

The logged harmonic data for the start and end of the TC4 feeder is shown from Figure 126 to Figure
129 and from Figure 130 to Figure 133 in Appendix B, respectively.

A summary of non-compliant harmonics and the scale of non-compliances is shown in Figure 10 and
Figure 11.

It should be noted that the Power Quality measurements on the TC4 feeder given in the
“W_APD05079 2016-2017 Annual Compliance Report” indicated that on a number of occassions, the
6™ harmonics of the voltage were found to exceed the limits set by AS/NZS 61000:2001 (i.e., larger
than 0.5%).

The number of 6" harmonic exceedances appears to have remained similar to that of the previous
years measurements. However, the overall number of non-compliant even-harmonics appears to
have worsened with a number of 12" harmonics of the voltage found to be in exceedance of the
limits set by AS/NZS 61000:2001 (i.e., larger than 0.2%).Hence further investigation and monitoring
is required in the coming years to ensure full compliance with the Code’s requirements — refer to
Section 6.1.5 for further details.

Additionally, note that no non-compliant odd harmonics were observed during the logging period on
the TC4 feeder, hence graphs depicting the non-compliant odd harmonics have been omitted.
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Figure 11 | TC4 feeder — End — Non-compliant even 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 substation
between 22/02/2018 and 02/03/2018, thus satisfying the 7 days minimum logging duration
requirement.

The PQ logger at the end of the STS1 feeder was installed in the PS25 Laver Street substation
between 03/04/2018 and 14/04/2018, thus satisfying the 7 days minimum logging duration
requirement. As shown in Figure 1 (green feeder), STS1 originates from the South Town substation.

6.5.1. Flicker

The logged flicker data for the start and end of the STS1 feeder is shown from Figure 134 to Figure
136 and from Figure 137 to Figure 139 of Appendix B, respectively. There were no recorded flicker
limit events causing the flicker level to breach the Code’s limits (i.e. full compliance with the Code
requirements).

6.5.2. Voltage

The logged voltage level data for the start and end of the STS1 feeder is shown from Figure 140 to
Figure 142 and from Figure 143 to Figure 145 of Appendix B, respectively. There were no recorded
voltage limit events causing the voltage level to breach the Code’s limits (i.e. full compliance with
the Code requirements).

6.5.3. Frequency

The logged frequency data for the start and end of the STS1 feeder is shown in Figure 146 and Figure
147 of Appendix B, respectively. There were no recorded frequency limit events causing the voltage
level to breach the Code’s limits (i.e. full compliance with the Code requirements).

6.5.4. Voltage THD

The logged voltage THD level data for the start and end of the STS1 feeder is shown from Figure 148
to Figure 150 and from Figure 151 to Figure 153 in Appendix B, respectively. There were no noted
voltage limit events causing the voltage THD level to breach the Code’s limits (i.e. full compliance
with the Code requirements).

6.5.5. Harmonics

The logged harmonic data for the start and end of the STS1 feeder is shown in Figure 154 to Figure
157 and Figure 158 to Figure 161 in Appendix B, respectively.

A summary of non-compliant harmonics and the scale of non-compliances is shown in Figure 12.
Given the temporary and random nature of the breaches, they are not deemed of any practical
concern (i.e. not deemed as compliance issues).

Note that no non-compliant odd harmonics were observed during the logging period on the STS1
feeder. Similarly, no non-compliant even harmonics were observed on the start of the STS1 feeder,
hence graphs depicting these non-compliant (odd or even) harmonics not presented.
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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 substation
between 14/02/2018 and 22/02/2018, thus satisfying the 7 days minimum logging requirements.

The PQ logger at the end of the STS2 feeder was installed in the PS70 Jabbarup Crescent Park
substation between 03/04/2018 and 14/04/2018, thus satisfying the 7 days minimum logging
requirement. As shown in Figure 1 (grey feeder), STS2 originates from the South Town substation.

6.6.1. Flicker

The logged flicker data for the start and end of the STS2 feeder is shown from Figure 162 to Figure
164 and from Figure 165 to Figure 167 of Appendix B, respectively.

Table 9 details the short-term flicker events found to be in exceedance of the limits set by ‘the Code’
including their respective magnitudes and affected phases. The frequency of occurrence of the
exceedances constitutes a very small fraction (i.e., under 0.1%) of the total measurements period,
hence of no practical concern at this stage.

Table 9 | Summary of Results - Short Term Flicker Events - Feeder STS2

Magnitude of Short Term Flicker (Ps) Events

Date & Time
Start of Feeder End of Feeder
R Phase—-1.14
19/02/2018 16:52 B Phase — 1.13

6.6.2. Voltage

The logged voltage level data for the start and end of the STS2 feeder is shown from Figure 168 to
Figure 170 and from Figure 171 to Figure 173 of Appendix B, respectively. There were no recorded
voltage limit events causing the voltage level to breach the Code’s limits (i.e. full compliance with
the Code requirements).

6.6.3. Frequency

The logged frequency data for the start and end of the STS2 feeder is shown in Figure 174 and Figure
175 of Appendix B, respectively. There were no recorded frequency limit events causing the voltage
level to breach the Code’s limits (i.e. full compliance with the Code requirements).

6.6.4. Voltage THD

The logged voltage THD level data for the start and end of the STS2 feeder is shown from Figure 176
to Figure 178 and from Figure 179 to Figure 181 in Appendix B, respectively. There were no noted
voltage limit events causing the voltage THD level to breach the Code’s limits (i.e. full compliance
with the Code requirements).

6.6.5. Harmonics

The logged harmonic data for the start and end of the STS2 feeder is shown in Figure 182 to Figure
185 and Figure 186 to Figure 189 in Appendix B, respectively.

A summary of non-compliant harmonics and the scale of non-compliances are shown in Figure 13 to
Figure 14. Given the temporary and random nature of the breaches, they are not deemed of any
practical concern (i.e. not deemed as compliance issues).

Note that no non-compliant odd harmonics were observed during the logging period on the STS2
feeder, hence graphs depicting the non-compliant odd harmonics not presented.

ApD 36|Page



Non-Compliant Even Harmonics

L

<
—

o o~ o= W0 O™
= WO 00 ~— 1 A A — o™
e oo e0o o000

L]

N oo 0 o g N
— o o o o
JwWI] dJluoweH Jo yun Jad

@24

o

81/ ¥:50 8T07/70/TC
8Y:/¥:70 8107/70/TC
8Yi/¥i€T 8T0T/T0/TT
8v:/¥:07 8T07/T0/1¢
8vi/ ¥/ T 8T02/T0/1C
8vi/¥iYT 8T02/T0/1C
8/ ¥ TT 8T02/T0/1¢
81/ ¥:80 8T07/70/1¢
8Y:/¥:50 8T07/70/1¢
81/ %170 8T07/T0/1¢
8Yi/¥1€T 8107/70/0T
8t/ 1.0 8102/70/0¢
8vi/ /T 8102/70/0T
8v:/¥i¥T 8102/70/0C
8/ ¥ TT 8102/70/0C
81/ ¥:80 8107/70/0C
81/ ¥:50 8107/70/0C
81/ ¥:70 8102/70/0C
81/ ¥€T 8T0T/T0/61
81/ %07 8T0Z/70/61
8vi/ ¥/ T 8T02/20/61
8v:/¥iT 8T02/20/61
8/ ¥ TT 8T02/20/61
81/ ¥'80 8T07/70/61
81/ ¥'50 8T0Z/70/61
81/ %170 8T07/70/61
8Y:/¥€T 8T0T/70/31T
81/ %07 8T07/70/31
8v:/ ¥/ T 8T02/70/81
8v:/¥iT 8T07/70/81
8/ ¥ TT 8T02/20/81
81/ ¥'80 8T07/70/81
81/ ¥'50 8T07/70/81
81/ %170 8T07/70/81
8Yi/¥i€T 8TOT/T0/LT
8Y:/ %07 8T0T/T0/L1T
8vi/ ¥/ T 8T0T/T0/L1T
8/ YT 8T0T/T0/L1
8/ ¥ TT 8T0T/T0/L1T
81/ ¥'80 8T0Z/70/L1
81/ ¥'S0 8T0T/T0/L1T
8Y:/ 7170 8T0T/T0/L1
8Y:/¥€T 8T0T/70/9T
81/ %07 8T0Z/70/91
8vi/ ¥/ T 8T02/70/91
8v:/¥iT 8T02/20/91
8/ ¥ TT 8T02/20/91
81/ ¥'80 8T07/70/91
81/ ¥'50 8T0Z/70/9T
8Y:/¥:70 8T0Z/70/91
8Yi/¥€T 8T0T/T0/ST
8Y:/ %07 8T0Z/T0/ST
8v:/ ¥/ T 8T0Z/T0/ST
8v:/¥iT 8T0Z/20/ST
8/ ¥ TT 8T0Z/20/ST
81/ ¥'80 8T07/70/ST
81/ %50 8T0Z/T0/ST
81/ %170 8T0Z/70/ST
8Yi/¥€T 8TOT/T0/PT
81/ %07 8T0Z/T0/¥1
8vi/ ¥/ T 8T0T/T0/¥1
8L YT 8T0T/T0/P1
8/ ¥ TT 8T0Z/T0/¥1
81/ ¥'80 8T0Z/70/¥1

ime

Dateand T

Figure 13 | STS2 feeder — Start — Non-compliant even harmonics
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6.7. Feeder STS6

The PQ logger at the start of the STS6 feeder was installed in the PS127 Water Treatment substation
between 03/04/2018 and 14/04/2018, thus satisfying the 7 days minimum logging requirement.

The PQ logger at the end of the STS6 feeder was installed in the PS121 Newman Drive substation
between 05/02/2018 and 13/02/2018, thus satisfying the 7 days minimum logging requirement. As
shown in Figure 1 (yellow feeder), STS6 originates from the South Town substation.

6.7.1. Flicker

The logged flicker data for the start and end of the STS6 feeder is shown from Figure 190 to Figure
192 and from Figure 193 to Figure 195 of Appendix B, respectively.

Table 10 details the short-term flicker events found to be in exceedance of the limits set by ‘the
Code’ including their respective magnitudes and affected phases. The frequency of occurrence of the
exceedances constitutes a very small fraction (i.e., under 0.1%) of the total measurements period,
hence of no practical concern at this stage.

Table 10 | Summary of Results - Short Term Flicker Events - Feeder STS6

Magnitude of Short Term Flicker (Ps) Events

Date & Time

Start of Feeder End of Feeder
12/02/2018 20:20 B Phase—1.10

6.7.2. Voltage

The logged voltage level data for the start and end of the STS6 feeder is shown from Figure 196 to
Figure 198 and from Figure 199 to Figure 201 of Appendix B, respectively. There were no recorded
voltage limit events causing the voltage level to breach the Code’s limits (i.e. full compliance with
the Code requirements).

6.7.3. Frequency

The logged frequency data for the start and end of the STS6 feeder is shown in Figure 202 and Figure
203 of Appendix B, respectively. There were no recorded frequency limit events causing the voltage
level to breach the Code’s limits (i.e. full compliance with the Code requirements).

6.7.4. Voltage THD

The logged voltage THD level data for the start and end of the STS6 feeder are shown in Figure 204
to Figure 206 and Figure 207 to Figure 209 in Appendix B, respectively. There were no noted voltage
limit events causing the voltage THD level to breach the Code’s limits (i.e. full compliance with the
Code requirements).

6.7.5. Harmonics

The logged harmonic data for the start and end of the STS6 feeder is shown from Figure 210 to
Figure 213 and from Figure 214 to Figure 217 in Appendix B, respectively.

A summary of non-compliant harmonics and the scale of non-compliances are shown in Figure 15 to
Figure 17. Note that the 15" order harmonic components of the supply voltage exceeds the
prescribed limit in a number of occassions, but this is not deemed of major concern as it occurs in
less than 2% of the measurements period. Further investigation of the issue is recommended in
coming years should the harmonic components continue to raise.
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Figure 17 | STS6 feeder — End — Non-compliant even harmonics
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Figure 18 | STS6 feeder — End — 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-term and short-term flicker as described in Section 5.1.1.

The PQ logging results for 2017/18 FY indicate eight voltage fluctuation breaches on the township
network during the logged periods. presents the results for the previous three reporting periods
together with the 2017/2018 result.

Given the results presented in Table 11, a deterioration is observed over the 2017/18 FY with
respect to the measurements of the years before. This needs to be monitored over the course of
next year and if further decline in the quality of supply observed, then the source of the issues to be
identified and mitigation measures to be considered.

Table 11 | Total number of breaches of voltage fluctuation compatibility levels

Reportable Period

Description
2014/2015 @ 2015/2016 2016/2017 2017/2018
Total number of breaches of Pst 5 1 0 8
Total number of breaches of Plt 1 0 0 0

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%.
7.1.2.1. Individual Voltage Harmonics

Individual, non-compliant harmonics for each respective feeder are already presented in Section 6
(mostly of no practical concern at this stage due to very infrequent occurrence and also, the THD
being well within the limit).

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 12 presents the results for the previous three reporting periods together with the 2017/2018
result. In the 2017/2018 period, zero events 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.
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Given the results presented in Table 12, a consistent supply is observed over the 2017/18 FY with
respect to the measurements of the years before.

Table 12 | Total number of breaches of total harmonic distortion limit

Reportable Period
Description

2014/2015 2015/2016 2016/2017 2017/2018

Total number of breaches of Voltage Total Harmonic
Distortion (U-THD)

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

The following 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 the network power supply quality.

In accordance with AS3000:2007, the voltage levels of the electrical network must be maintained at
+10, -6% the nominal supply voltage of 240V single-phase. As the voltage measurements are 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 connection point would be
lower than the logged results. The voltage drop due to customer’s loads must be limited to 5% in
accordance with AS3000. The lowest average voltage level recorded during the PQ logging period
was 241V (start of TC3 feeders). Therefore, it is expected that the average voltage level at a
customer’s connection point will fall within the required range.

Table 13 presents the results for the previous three reporting periods together with the 2017/2018
result. In 2017/2018, there were four separate instances where the voltage level breached the
voltage limits across one or more phases.

Given the results presented in Table 13, a deterioration is observed over the 2017/18 FY with
respect to the measurements of the years before. This needs to be monitored over the course of
next year and if further decline in the quality of supply observed, then the source of the issues to be
identified and mitigation measures to be considered.

Table 13 | Total number of breaches of voltage level limits

Reportable Period
Description

2014/2015 2015/2016 2016/2017 2017/2018

Total number of breaches of voltage limits 2 0 0 4

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

According to the Electricity Act 1945 Section 25(1)(d), the frequency of electricity supplied must be
maintained at +2.5% of the frequency at 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 14 presents the results for the previous three reporting periods together with the 2017/2018
result. For the 2017/2018 PQ logging period, there were zero instances where the frequency
breached the required limits.
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Given the results presented in Table 14, a consistent supply is observed over the 2017/18 FY with
respect to the measurements of the years before.

Table 14 | Total number of breaches of frequency limits

Reportable Period
Description

2014/2015 2015/2016 2016/2017 2017/2018

Total number of breaches of frequency limits 1 0 0 0

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

Newman BHPBIOSA is observed to have adopted a rather pro-active approach in establishing and
executing asset replacement and improvement programs to sustain an improve power quality and
reliability across Newman Township.

To ensure compliance to Australian regulations, BHPBIOSA have undertaken annual PQ logging on
the 11kV supply feeders from both South Town and Township substations during the summer
period. Improvements are implemented based on the PQ logging data results and complaints
received from customers related to power quality issues.

Asset upgrades including:

e Major equipment upgrades at the Township Substation including the replacement of the
two ageing 66/11kV power transformers and neutral earth resistors;

e Reconfiguration of supply from the NCC, bypassing Alinta Power Station;

e Proactive upgrade of an overhead section of low voltage powerline between poles 35/19 to
35/23 to an underground section to improve the safety to public within area due to lower
height clearances on this section;

e Continuation of ad-hoc improvements as a result of investigations, e.g., replacement of
ageing or defective pole top distribution transformers with pad-mount substations; and

e Budgeting and planning for the replacement of sections of HV overhead line with HV
underground cabling within the Township of Newman, namely an upcoming project for the
upgrade of a main road overhead crossing to prevent oversize loads accidentally connecting
with the powerline.

In addition to the asset upgrade programs executed over the 2017/18 FY, BHPBIOSA has continued
to improve their internal work processes, yielding improved reliability and quality of supply. A brief
example of process improvement works completed or currently in progress includes the following:

e Content changes to the 2016 Inspection System Plan (ISP) due to the formal merge of the
Department of Mines, Industry Regulation and Safety (DMIRS) and the former Building
Commission and EnergySafety to form the new Building and Energy Division.

e Adoption of Photo-Voltaic (PV) inspections into the 2016 Inspection System Plan (ISP) and
ISP Manual Documents;

e Undertaking an external audit of the 2016 Inspection System Plan; and

e Review and implementation of recent changes to Regulation 55 of the Electricity (Licensing)
Regulations 1991.
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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.”

7.3.1. Interruptions Exceeding 12 hours

There were no interruptions over 12 hours for small customers were recorded for 2017/2018 FY.

Table 15 | Total number of premises of small customers interrupted continuously for more than 12 hours

Reportable Period
Description

2014/2015 2015/2016 2016/2017 2017/2018

Total number of premises that experienced
interruptions more than 12 hours

7.3.2. Frequent Interruptions

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 presented in
Table 16 indicates that the no customers were disconnected more than 16 times.

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

Reportable Period
Description

2014/2015 2015/2016 2016/2017 2017/2018

Total number of premises that experienced
more than 16 interruptions

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, no complaints were made.

Table 17 presents the results for the previous three reporting periods together with the 2017/2018
result.
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Table 17 | Total number of formal complaints lodged to BHPBIOSA

Reportable Periods
Description

2014/2015 2015/2016 2016/2017 2017/2018

Total number of formal complaints
received

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 2017/18 FY that required BHPBIO’s action.

7.7. Investments over 2017/2018 FY

Table 18 shows the total AUD amount spent in improving the supply quality and reliability and to
cater for network expansion?.

Table 18 | Total amount spent by BHPBIOSA in Network Improvements (indicative only)

Reportable Periods
2014/2015 2015/2016 2016/2017 2017/2018

Description

Total amount spent in dollars

(AUD) $16.90 million $13.20 million $16.00 million $16.00 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. There
were no supply interruptions of small customers being disconnected for over 16 times, and no
recorded interruptions exceeding 12 hours. Table 1918 presents the results for the previous three
reporting periods together with the 2017/2018 result.

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

Reportable Periods

Description
2014/2015 2015/2016 2016/2017 2017/2018
Total number of payments 0 0 0 0
Total amount of payments (AUD) 0 0 0 0

1 Figures presented are indicative only and may differ due to various factors including re-structuring works recently taken
place in the network operation and maintenance team.
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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. “Foreach 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. The BHP 2017/18 FY fault
outage data presented within Appendix C has been applied in determining the parameters described
above and presented further in the following sub-sections.

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 2017/2018 FY, shown in Table
2019. Note that CAIDI index (33 minutes) has notably improved compared to the previous FY (53
minutes) and tracks well below the average of CAIDI recorded over the last 4 years (67 minutes).

Table 20 | The average length of interruption of supply to customer premises expressed in minutes (CAIDI)

Reportable Period
Description

2014/2015 2015/2016 2016/2017 2017/2018 Average

Average length of interruptions —

CAIDI (minutes) 80 102 53 33 67

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
over the course of the 2017/2018 FY is shown in Table 2120. Note that SAIFI index (1.07) has
improved significantly compared to the previous FY (1.53) and tracks well below the average of SAIFI
recorded over the last 4 years (2.12).

Table 21 | The average number of interruptions of supply to customer premises (SAIFI)

Reportable Period
Description

2014/2015 2015/2016 2016/2017 2017/2018 Average

Average supply interruptions —

SAIFI (No. of Interruptions) 4.23 1.64 1.53 1.07 2.12
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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 over the
course of the 2017/2018 FY is shown in Table 2221. Note that ASAl index has marginally improved
compared to the previous FY and tracks well with the average of ASAl recorded over the last 4 years.

Table 22 | The average percentage of time that electricity has been supplied to customer premises (ASAI)

Reportable Period
Description

2014/2015 2015/2016 2016/2017 2017/2018 Average

Average number of supply
interruptions ASAI (Percentage of 99.94% 99.97% 99.98% 99.99% 99.97%
time connected)

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 2322. Note that SAIDI index (35 minutes) has notably improved compared to the
previous FY (81 minutes) and tracks well below the average SAIDI recorded over the last 4 years (155
minutes).

Table 23 | The average total length of all interruptions of supply to customer premises in minutes (SAIDI)

Reportable Period
Description

2014/2015 2015/2016  2016/2017 2017/2018 Average

SAIDI (minutes) 339 168 81 35 155

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:

ltem 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 2423 presents the CAIDI results on a percentile basis.
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Table 24 | Percentile of the average length of interruption of supply to customer premises in 2017/2018

Percentile

Description

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

Average Length of Interruption
(CAIDI) 30 33 33 33 33 33 33

Customer Average Interruption Duration Index (CAIDI)

34 33 33 33 33 33 33

%)
g 32 /
-]
/4
31
30 30
30
29 T T T T T 1
25 50 75 90 95 98 100

Percentile of the Customer Premises in Newman Township

Figure 19 | The average length of interruption (minutes) of supply to customers over 2017/2018 FY

7.10.2. Percentile - Number of interruptions

As required by ‘Schedule 1’ of The Code, Table 2524 presents the SAIFI results on a percentile basis.

Table 25 | Percentile values of the number of interruptions in 2017/2018

Percentile
Description

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

Number of interruptions (SAIFI) 0.77 1.07 1.07 1.07 1.07 1.07 1.07
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System Average Interruption Frequency Index (SAIFI)

1 1.07 1.07 1.07 1.07 1.07 1.07

0.77 pd

1

Interruptions
[EEY
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25 50 75 90 95 98 100

Percentile of the Customer Premises in Newman Township

Figure 20 | Percentile graph showing the number of interruptions (SAIFI) in 2017/2018

7.10.3. Percentile - Total Length of Interruptions
As required by ‘Schedule 1’ of The Code, Table 2625 presents the SAIDI results on a percentile basis.

Table 26 | Percentile values of the total length of interruptions in 2017/2018

Percentile

Description

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

Total lengths of interruptions

(SAIDI) 23 35 35 35 35 35 35

System Average Interruption Duration Index (SAIDI)
40 35 35 35 35 35 35
35
30 23//
w 25
2
EE‘ 20
2 15
10
5
O T T T T T 1
25 50 75 90 95 98 100
Percentile of the Customer Premises in Newman Township

Figure 21 | Percentile graph showing the total length of interruptions (SAIDI) in 2017/2018
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8. CONCLUSION

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

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 proven to meet the Code’s requirements:

Voltage Flicker (short- and long-term criteria);
RMS Voltage Magnitude;

Power System Frequency; and

Voltage Total Harmonic Distortion (U-THD).

The following minor compliance issues were identified:

The individual Voltage Harmonic Distortions for the feeders. The magnitude of voltage’s
even harmonics (specifically 6™ order) is found to occasionally exceed the limits set by AS
61000:2001, which in turn indicate the presence of unbalanced 3-phase loads with possible
DC component in the network. This is not a problem of major concern at the present time
(as observed for <1% of the measurements). However, should it exacerbate in coming years,
then mitigation measures may be required to ensure quality of supply.

Short-term flicker events were found to have exceeded the limits set by ‘the code’ for TC2,
TC3, TC4, STS2 and STS6. The frequency of occurrence of the exceedances constitutes a very
small fraction (i.e, under 0.2%) of the total measurements period. As such this does not
constitute a major problem and will only need to be monitored over the coming years.

Voltage limit events were found to be in exceedance of the limits set by AS/NZS 3000:2007
for TC2 and TC4 feeders. The frequency of occurrence of the exceedances constitutes a very
small fraction (i.e, under 0.2%) of the total measurements period. As such this does not
constitute a major problem and will only need to be monitored over the coming years.

Reportable parameters for Newman Township Electricity Supply over the 2017/18 FY (as outlined in
the ‘Schedule 1’ of the Code) are presented below:

>12 hour interruptions: No interruptions were recorded to have exceeded 12 hours.

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

No complaints was received from customers during FY 2017/2018.

Within the 2017/18 FY, an estimated total of $16M was invested by BHPBIOSA towards
Newman network operations, maintenance and reinforcement works; to not only address
the issues identified by the operator but also to improve the quality and reliability of supply.

The key reliability indices are calculated as listed below:

e Customer Average Interruption Duration Index (CAIDI) of 33 minutes — CAIDI is the
average outage duration that any given customer experience (i.e., the average
restoration time).
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e System Average Interruption Frequency Index (SAIF1) of 1.07 interruptions — SAIFI is
the number of interruptions that the customers experienced.

e Average Service Availability Index (ASAI) of 99.99% — ASAl is the perceived availability
of the network to the customers.

e System Average Interruption Duration Index (SAIDI) of 35 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. With regards to the
Reliability of the Supply, the overall network performance is deemed satisfactory.

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 (HIOKI 3198)

HIOKI

POWER QUALITY ANALYZER PW3198
Power Measuring Instruments m

Bl Never Miss the Moment
e Detect power supply problems and perform onsite troubleshooting
o Do preventive maintenance to avert accidents by managing the power quality
B CAT IV-600V Safety Standard
o Meets the CAT IV safety rating required to check an incoming power line
e Safe enough to measure up to 8,000Vpeak of transient overvoltage
Bl Easy Setup Function with PRESETS

e Just select the measurement course, wiring, and clamps
e Automatic one-step setup based on measurement conditions

= [l Compliant with New International Standards
i ® Intemational power quality measurement standerd IEC 61000-4-30 Ediition 2 Class A
N {@ www.hioki.com) o High precision with a basic voltage measurement accuracy of 0.1%
ISO 9001 15014001 Hocor : e
IMI0216  JOA-E-B0081
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The number of power supply problems Js increasing as power systems are becoming more and more complicated -
all due to the rising use of power electronics devices plus a growing instafied base of jarge systems and distnbuted
power supphies. The quickest way to approach these problems is to understand the situation quickly and accurately.
The PW2133 Power Qualty Analvzer is ready to effectively solve vour power supply problems.

Troubleshooting

¢ Understand the actual power situation at the site whete the problem is occurring (e.g., the equipment malfunction, failure,
reset, overheating, or burming damage).

¢ |dkeal for troubkeshooting solar and wind power generation systems, EV charge stations, smart grids, tooling machines, OA4
equipment e.g., computers, printers, and UPS), medical equipment, server rcoms, and ekctrical equipment e.g., trans-

formers and phase-advancing capacitors).

Field Survey and Preventive Maintenance

¢ Perform bng-term measurements of the power quality and study problerms that are difficult to detect or that occur intermittenthy
¥ Maintain electrical equipment and check the operation of solar and wind power generation systems.
¥ Manage the parameters with a control set point, such as a voltage fluctuation, flicker, and harmonic voltage.

Power (Load) Survey

¥ Study the power consumption and confirm system capacity before adding load.
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Advanced Features for Safe, Simple, and Accurate Measurements

1 [ International Standard IEC61000-4-30 Edition 2 Class A |

2

CAT IV-600V Safety |

Class A is defined in the international standard IEC61000-4-30,
which specifies compatibility with power quality parameters,
accuracy, and standards to enable comparison and discussion
of the measurement results of different measuring instruments.

The PW3198 is compliant with the latest IEC61000-4-30
Edition 2 Class A standard. The instrument can perform
measurements in accordance with the standard, including
continuous gapless calculation, methods to detect events
such as dip, swell, and instantaneous power failure, and time
synchronization using the optional GPS box.

The PW3198 is compliant with the measurement category
CAT IV - 800V and can also safely test the incoming lines for
both single-phase and three-phase power supplies.

Simply choose the course based on the measurement objective
and the necessary configurations will be set automatically.
Record voltage and frequency and detect

errors simultaneously.

Record voltage, current, frequency, and
harmonic, and detect errors simultaneously.

U Events

Standard
Power Quality

Measure the inrush current.
Record only the TIME PLOT Data but do not detect

Inrush current

Recording Strora.
Perform measurements in accordance with
ENS0160 EN50160,
4 | Highly Accurate, Broadband, Wide Dynamic Range Makes for Reliable Measurements

Voltage Measurement Range

Transient overvoltage

Line-to-line voltage (1P2W, 11
Phase voltage (1P2W,

BV

1300V 6000Vpeak

Both low and high voltages can be measured in a single range.

Basic Measurement Accuracy (50/60 Hz)

Voltage|+0.1% of nominal voltage

Current|+0.2% rdg. £01% f.s. + Clamp-on sensor accuracy

Power (+0.2% rdg. +0.1% fs. + Clamp-on sensor accuracy

World's highest level of basic measurement
accuracy. Extremely accurate voltage
measurement without the need to switch

ranges. MS/s).

APD

Transient Overvoltage

Transient overvoltage can also be
measured in a range between the
maximum 6,000 V and minimum 1 ps (2

Voltage Frequency Range

High-order harmonic measuremel

Harmonic measurement

DC 3kHz 80kHz
Wide range from DC voltage to 700 kHz

700kHz

High-order Harmonic

Waveform example

The PW3188 is the first power
quality analyzer that can measure
the high-order harmonic
component of up to 80 kHz.

Waveform example
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PW3198 Never Misses the Moment a Power Supply Failure Occurs

The PW3198 can measure all waveforms of power, harmonic, and error events simultaneously. When a problem occurs with the
equipment or system on your site, the PW3198 will help you detect the cause of the problem early and solve it quickly. You can
depend on the PW3138 to monitor all aspects of your power supplies.

Measure All Parameters at the Same Time

[ Acquire the Information You Need Quickly by Switching Pages (RMS Value) |

[ Reliably Detect Power Supply Failures (Event)

Just connect to the measurement ling, and the PW3198 will simulta-
neously measure all parameters, such as power and harmonic. You
can then switch pages to view the needed information immediately.

With a
single ., 9

witch windows
with one touch

To detect power supply failures, measurement does not
need to be performed multiple times under different condi-
tions. The PW3198 can always monitor and reliably detect

DMM Display
Display parameters such as voltage, current, power, power factor, and
integral power in a single window.

v

withone touch
v
v

v

hone towh
v
v

Vector Display

Display the measured value and
vector of the voltage and current
of each order harmonic

Buitch windowss
ihone touch

Waveform Display

Display the voltage and current
waveforms on channels 1 to 4
one above the other in a single
window.

b, 4
v
Switch windowsy
withone towch
v
v

v

Harmonic Bar Graph Display
Display the RMS value and
phase angle of harmonics from
the Oth order to the 50th either in
a graph or as humerical values

4-channel Waveform Display
Display the voltage and current
waveforms on channels 1 to 4
individually.

APD

all power supply failures for which detection is enabled.
SYSTEM

0.6000kV/diy

Transient Overvoltage {Impulse)

HHarmonic

Trendllata

2018/12/83
8

A transient overvoltage is generated by a lightning strike or a contact

fault or closed contact of a ¢

t breaker and relay, and often causes

a steep voltage change and a high voltage peak.

Voltage Dip (Voltage Drop)
Voltage drops for a short time as a result
of large inrush current generated in the
load by, for example, a starting motor.

Interruption

The power supply siops instartaneously of for a short
of fong time because ekclrical power transmisson &
stopped as  result of & Ighining strike, or because the
ciout breder & tipped by a power supply short cicul,

Frequency Fluctuations

An excessive increase or decrease
of the load causes the operation of
a generator to become unstable,
resulting in frequency fluctuations,

Harmonic

Harmonic is generated by a
semiconductor control device
installed in the power supply of
equipment, causing distortion of
voltage and current waveforms.

Voltage Swell (Voltage Rise)
Avokage swell is generater by a ightning strike or
a heavily baded power fine being opened or closed,
causing the voltage to iseinstantaneously.

Inrush Current

Alarge current flows instantanecusly
at the moment electrical equipment,
a motor, or similar devices are
powered on.

High-order Harmonic

\bltage and current waveforms are distorted
by noise components generated by a
serriconductor control dewice or the fike instalied
n the power supply of electronic equipment

Unbalance

An ncrease or decrease in the load connected to
each phase of the thiee-phase power supply or an
unbelanced operation of equipment and devices causes.
the bad of a parficular phase fo become heay so thet
votage end currenl wavlors are distoted, vollage
diops, of negative phase sequence volage s generded
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TIME PLOT Datajg™™ Event Waveforms

TIME PLOT Data TIME PLOT Recording of All Parameters |
The PW3198 can simultaneously record 8,000 or more parameters, such as voltage, current, power, power factor, frequency,
integral power, harmonic, and flicker, at the specified recording interval. The PW3198 never fails to capture the peak because
it performs calculations continuously and records the maximum, minimum, and average values within the recording interval.

[ & /o 1 EVENT L3 1 v I 1

Smultaneous Recording of

2610/11/17 21:59:41 vy

4 TR
St mm'm.‘n"""“"' ﬁhwmw'ﬁ‘wnﬂ‘nm"“'ﬂ‘l

Harmonic Recording
(|

189.89 18 min/div|

11717 11717 11717 11717
EIEY Voltage drop occurred!

20:80  20:18  20:20

2018711717
21:59:41

Trend Recording
(TIME PLOT Recording)

witch windo
with one touch s tatit it i

Integral Power Recording

AP EEY — Capture up to 55,000 Instantaneous Waveforms of Power Supply Failures

The PW3198 can record up to 1,000 instantaneous waveforms of power supply failures (up to 55,000 when repeat record-
ing is set to ON) while performing TIME PLOT recording.

PSETTIN
3. E—
£24S .84 1H=2

- |
VOLTAGE
CURRENT

2018711717
it 2: 50 s
Event List Event Waveform

This list records instantaneous waveforms of power supply failures The PW3198 lets you view the instantaneous waveform (200 ms) of a
(events), such as a vatage drop or inrush current, along with the time power supply failure in the window,

or other information. Events are always monitored, regardless of the

recording interval of the TIME PLOT recording Inrush eurrent occurs RMS value changes

over 30 seconds

When a voltage drop or
1inrush current occurs,
RMS value changes
are recorded over 30
Voltage drop caused by inrush curent. seconds simultansously.
This function can also
1V cerenefennnnnnned 0@ USEd 1O Check the
voltage drop caused by
inrush current generated
by the start of the mator.

30 seconds
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Analyze Recorded Data with a PC Using Application Software 9624-50 POA-HIVIEW PRO

Use Model 9624-50 PQA-HIVIEW PRO (version 2.00 or later) with a PC to analyze the data collected by the PW3198.

| Viewer Function

Display and analyze the data recorded by the PW3198 POWER QUALITY ANALYZER.

Event List Window

Display a list of power supply failures (events) that
oceurred.

TIME PLOT Window

Display the TIME PLOT (recorded trend) data as well as
changes in the voltage/current RMS values, harmonic,
and many other parameters.

Event Waveform Window

Display the waveform of an event that ocourred, plus the
vector, harmonic, DMM, and instantaneous harmonic
values,

ITIC Curve Display Window
Analyze the ITIC (CBEMA) curve (tolerance curve) used
in the power quality standards in the United States.

Status Window Transient Waveform Window

Inrush Current Event Graph Window

I T ot T x .
R — e ]
TRaw: = . s Bhs &% Tew ¥
- | w
|
- | -

J s N v
-l | -

U

. B e B w=
4 WeE une per ae

Harmonics TIME PLOT Window

Report Creation Function

Automatically and effortlessly create rich reports for compliance and record management.

Report output items:  Voltage/current RMS value fluctuation graph, harmonic fluctuation graph, inter-harmonics fluctuation graph, fiicker graph, integral power graph, demand graph,
total harmonic voltage/current distortion rate list, EN60160 window (Overview, Harmonic, Measurement Results Gategory), worst case, transient waveform,

maximum/minimurm value list, all event waveforms/detailed list, and setup list

Print Examples
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RMS Value Voltage Fluctuations All Event Detailed List

TIME PLOT Recording of Parameters EN50160

| Other Functions

CS8V Conversion of Measurement Data

Convert data in the range specified in the TIME PLOT window into CSV format
and then save for further processing. The 9624-50 can also convert event
waveforms into CSV format. Open CSV data using any commercially available
spreadsheet software for advanced data management and analysis.

Even Analyze Data Recorded with Models 3196 and 3197 PQAs

Data recorded with the HIOK| 3196 and 3197 Power Quality Analyzers can
also be analyzed.

Download Measurement Data via USB/LAN

Data in the SD card inserted in the PW3188 can be downloaded to a PC via
USB or LAN.

EN50160 Display Function

ENS0160 is a power quality standard for the EU. In this mode, evaluate and
analyze power quality in accordance with the standard. You can display the
Overview, Harmonic, and Measurement Results Category windows.

9624-50 Specifications

Delivery media

GD-R

Operating environment

AT-compatible PC

08

Windows XP, Windows Vista (32-bit),
Windows 7 (32/64-bit)

Memory

512 MB or more

APD
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Useful Functions for a Wide Variety of Applications

| Large Capacity Recording with SD Card |

| Simultaneously Measure Three-phase Lines and Grounding Wire ]

Data is recorded to a large capacity 8D card. The data can be
transferred to a PC and analyzed using dedicated application
software. If your PC is not equipped with an SD card slot, sim-
ply connect a USB cable between the PW3198 and the PC.
The PC will then recognize the SD card as removable media

Apart from the main measurement line, you
can also measure the AC/DC voltage on
anather line using Channel 4.

Yes! Simultaneously!

*Measure the primary and secondary sides of UPS
*Two-line voltage analysis
*Measure three-phase lines and grounding wire

*Measure neutral lines to detect short circuits
*Measure the input and output of & DC-AC converter for solar power generation

ch1, ch2, ch3 ch4

Repeat record Recording period

Max. 35 days

Reference value: ALL DATA (all iterns racomded), repeat recording
OFF, and TIME PLOT interval 1 minute or longer)

Max. 55 weeks (about 1 year)

ON Referance value: ALL DATA (all tems racorded), repeat racording ON
(1 week x 55 times), and TIME PLOT interval 10 minutes or longer)

OFF

| Remote Measurement Using HTTP Server Function |

| An Assortment of Clamp-on Sensors Covers a Broad Range of Measurements

You can use any Internet browser to remotely operate the
PW3198, plus download the data stored in the SD card using
dedicated software (LAN access required).

Conduct off-sita ramota control with atablat PC using a wireless LAN routsr

In addition to current sensors for measuring 100A AC, S00A AC,
1000A AC and 5000A AC rated currents, a 5A AC sensor is also
available. In addition, HIOKI's CLAMP ON LEAK SENSORS enable
you to accUrately measure for leakage current down to the mA lavel,
while the new CT9B9X-90 AC/DC Clamp On Sensors further widen
applications by supporting DC current testing.

g ¥
f
<

K

™

GPS Time Synchronization |

[ Backup and Recovery from Power Failure |

The PWS8005 GPS BOX lets vou
synchronize the clock on the PW3198 to
the UTC standard time. Eliminate time
differences between multiple PQAs and
correctly analyze measurement data taken
by several instruments

APD

The PW3198 uses the new large capacity BATTERY PACK
Z1003, enabling continuous measurement for three hours
even if a power failure occurs. In addition, a power failure
processing function restarts measurement automatically even
if the power is cut off completely during measurement.

=
I-PW3198

|
180 minutes

30 minutes

Previous model

| Other Measurement Applications ]

Flicker measurement

Measure flicker in conformance with IEC 61000-4-15 Ed2
Phase voltage check for A connection

Use the A-Y and Y-A conversion function to measure phase
voltage using a virtual neutral point

400 Hz line measurement

Measure at a power line freguency of 50/60 Hz as well as
400 Hz.
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Power Quality Survey Applications

| The power supply of the office equipment sometimes shuts down |

urvey Objective

The power supply of a printer at the office shuts down even
though it is not operated. Equipment other than the printer can also
sometimes perform a reset unexpectedly,

easurement Method
Setup is very easy. Just install the PW3198 on the site,
and measure the voltage, current, and power. To troubleshoot,
just select the clamp-on sensor and wiring, and then select the
“U Events" course 4

-
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o | Voltage drop occurs periodically |

Fluct

nalysis Report

No failure occurred during the measurement period, but a peri-
odic voltage drop was confirmed. The voltage drop may have been
caused by the periodic start and operation of the electrical equip-
ment connected to the power supply line. Equipment, such as a
laser printer, copier, and electrical heater, may start themselves
periodically due to residual heat. An instantaneous voltage drop
is likely to have been caused by inrush current from equipment
that consumes a large amount of power.

| Medical equipment malfunctions

urvey Objective

Replacing the equipment with a new one by the service provider
did not improve the malfunction. A survey of the power supply was
required to clarify the cause,

easurement Method
Select the "U Events” course in the PW3198 in the same way as
with the office equipment example.

Voltage waveforms (TR
VA
EERE 11K

o BB e b
Current waveforms 1 2
™ | /

TANAJATA) :

IaTh IRYATATRTAY
el |

nd Current W orms at the Time Voltage Dip O

nalysis Report

It was determined that a voltage dip (voltage drop) occurred and
impacted the operation of the equipment. If a voltage dip occurs
every day on a regular basis, the probable cause is the start of a
large air-conditioning unit, pump, heater, or similar equipment.

\ Surveying a Solar Power Generation System

Survay Objective

* Maintain a solar power generation system and check ts operation (verify the power quality)
* Troubleshoot (impact on the peripheral equipment, operation shutdown, etc.)

easurement Method
Set up the PW3198 on the site and measure the voltage, cur-
rent, and power. To survey the power quality, select the "Standard
power quality measurement” course in the PRESETS menu. To
measure the DC voltage, connect
channel 4 to the primary
side of the solar panel

Connection Example

= Line
Power conditioner
Solar panel
Primary DC Secondary AC
measurement measurement
{ch4) {ch1 and ch2)

APD

18000
Qutflow
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““’W ﬂ!ﬂ %nm 1440 g :M . Infiow
Qutflow
~18000

2 G G QM G W 0 e 69
12000 114000 115000 120000 121000 122000 123000 124000 128000

Example of Determining Inflow or Out

nalysis Report

All parameters can be recorded simultaneously with a single measurement.
* |dentify changes in the output voltage of the power conditioner
* Presence or absence of the occurrence of a transient overvoltage
* Frequency fluctuation important for system interconnection
* Identify chenges in the harmonic voltage and current included in the output
* Power (AC), integral power (AC), etc.
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PW3198 Specifications accuracy guarantesd for one year)
Measurement items

Voltage RMS voltage
measurement itermns Frequency
(TIME PLOT Recording) DC voltage

Harmonic voltage (0 to 50th order)
Inter-harmonic voltage (0.5 to 49.5th)
Total harmonic voltage distortion factor

Waveform voltage peak
Frequency (1 cycle, 10-sec)
|IEC Flicker (Pst, Pit)
Harmonic voltage phase angle (0 to 50th)
High order harmonic voltage component
Voltage Unbalance factor

(Zero-phase /Negative-phase)

Current RMS current High order harmonic current component
measurement items Waveform current peak Total harmonic current distortion factor
(TIME PLOT Recording) Harmonic current phase angle (0 to 50th) Current Unbalance factor

Harmonic current (O to 50th) (Zero-phase /Negative-phase)

Inter-harmonic current (0.5 to 49.5th) K factor

DC current (when using compatible sensor)

Power Active power Harmonic power (0 to 50th)
measurement items Reactive power Harmonic voltage-current phase angle (0 to 50th)
(TIME PLOT Recording) Apparent power Active energy

Power factor Reactive energy
EVENT Transient overvoltage Frequency fluctuations
measurement items Voltage swell Voltage waveform comparison
(EVENT Recording) Voltage dip Timer

Interruption

Extemal events

Inrush current

Event detection using upper and lower thresholds available with other voltage, current and power measurement parameters
(excluding Integrated power, Unbalance, Inter-harmonic, Harmonic phase angle, IEC Flicker)

Input specifications
Measurement circuits

Single-phase 2-wire (1P2W), single-phase 3-wire (1P3W), three-phase 3-wire (8P3W2M, 3P4W2 5E) or three-phase 4-wire
(3P4W) plus one extra input channel (must be synchronized to reference channel during AC/DC measurement)

50Hz, 60Hz, 400Hz

Fundamental frequency
of measurement circuit

Input channels Voltage : 4 channels (U1 to Ud),
Current : 4 channels (I1 to 14)

Input methods Voltage : Isolated and differential inputs (channels not isolated between U1, U2 and U3; channels isolated between U1 to U3 and U4)
Current : Insulated clamp-on sensors (voltage output)

Input resistance Voltage : 4MQ +80kQ (differential inputs)

Current : 100k +10k€2

Units with f.5.=0.5V output at rated current input (f.s.=0.5V recommended)

Units with rate of 0.1mV/A, 1mVW/A, 10mV/A, or 100mV/A

\oltage measurement ranges

Voltage measurement items Ranges
Voltage measurement 600.00V

Compatible clamp sensors

Measurement ranges

(Ch1 to Chd can be configured
the same way; only CH4 can be
configured separately)

Transient measurement 6.0000kV peak

PW3138 current ranges
Current sensor Current range setting (A) Current sensor Current range seting(A)
9660 100.00 / 60.000 CT9691 (108) 10.000 /_6.0000
9661 600.00 / 60.000 CT9691 (100A) 100.00 / 10.000
9667 (6004) *Disoontued | 500.00 / 60.000 CT9692 (204) 60.000" / 6.0000
9667 (5kA) “Discontiued | 50000k / 500.00 CT9692 (200A) 500.00" /_50.000
CT9667 (5004) 500.00 / 50.000 CT9693 (2004) 500.00" / 60.000
CT9867 (5kA) 5,0000k / 500.00 CT96893 (2kA) 5.0000K* / 500.00
9669 1.0000k /7 100.00 9657-10 5.0000 / 600.00m
9694 50.000 / 5.0000 9675 5.0000 /_500.00m
9695-02 50.000 / 50000 “The full scale for each sensor is based on the specifications
9696-03 100.00 / 10.000 of the sensor in use, not the range setting on the PW3198.

PW3188 Power ranges
(automatically configured based on current range)

Current range Power range (W / VA / var) Current range Power range (W / VA / var)
6.0000 KA 3.0000M 50.000 A 30.000k

1.0000 KA 600.00k 10.000 A 6.0000k

500.00 A 300.00k 5.0000 A 3.0000k

100.00 A 60.000k

Basic specifications
Maximum recording period

55 weeks (with repeated recording set to [1 Week], 55 iterations)
55 days (with repeated recording set to [1 Day], 55 iterations)
35 days (with repeated recording set to [OFF])
55,000 events (with repeated recording on)
1000 events (with repeated recording off)
TIME PLOT interval (MAX/MIN/AVG within each interval recorded)
18, 3s, 168, 30s, 1m, &m, 10m, 15m, 30m, 1h, 2h, 150 cycle (at 50Hz), 180 cycle (at 60Hz), 1200 cycle (at 400Hz)
Screen copy interval (screen shot at each interval saved to SD card)
OFF, 5m, 10m, 30m, 1h, 2h
Timer EVENT interval (200ms instantaneous waveform saved at each interval)
OFF, im, m, 10m, 30, 1h, 2h
Time start and End
OFF: Start recording manually
ON: Start time and End time can be configured
Repeated recording settings (maximum 55 iterations)
OFF: Recording is not repeated
1Week: 55 weeks maximum in 1week segmentations
1Day: 55 days maximum in 1day segmentations
Repeat time
Daily Start time and End time can be configured when Repeated recording set to 1Day.
Power (Small): Recording basic parameters
P&Harm (Normal) Recording basic parameters and harmonics
All Data (Full):  Recording P&Harm items and inter-harmonics
Max. 32 GB with SD Card,; only use of the HIOKI 2GB SD Memory Card Model Z4001 is guaranteed by HIOKI
Contact your HIOK! representative for special order larger capacity cards that offer the HIOK! guarantes.

Maximum recordable events

TIME PLOT data settings

Recording itemns settings

Memory data capacity

APD
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PRESETS function

U Events 3
Standard Power Quality :
Inrush Current ¢

Record and monitor voltage elements and frequency, plus detect events

Record and monitor voltage and current elements, frequency, and harmonics, plus detect events
Measure inrush current (basic voltage measurement required)

Recording Record only trend data, no event detection

EN50160 Measure according to ENS50160 standards

Real-Time Clock function

Auto-calendar, leap-year correcting 24-hour clock

Real-time clock accuracy

+0.3 s per day (with instrument on, 28°C+5°C (73°F+9°F)

Power supply

AC ADAPTER Z1002 (12 VDC, Rated power supply 100VAC to 240VAC, 1.7Amax, 50/60Hz)
BATTERY PACK Z1003 (Ni-MH 7.2VDC 4500 mAh)

Maximum rated power

15VA (when not charging), 36VA (when charging)

Continuous battery operation time

Approx. 180 min. [@23°C (@78.4°F), when using BATTERY PACK Z1003]

Recharge function

BATTERY PACK Z1003 charges regardless of whether the instrument is on or off; charge ime: max. & hr. 30 min. @23°C (@73.4°F)

Power outage processing

In the event of a power outage during recording, instrument resumes recording once the power is back on (integral power starts from 0).

Power supply quality measure-
ment method

IEC61000-4-30 Ed.2 :2008
|IEEE1159
ENS0160 (using Model PQA-HIVIEW PRO 9624-50)

Dimensions Approx. 300 Wx 211 H x 88 D mm (11.81" W x 8.31°' Hx 2.68" D)  (excluding protrusions)

Mass Approx. 2.6 kg (81.7 oz.) (including battery pack)

Accessories Instruction manual, Measurement guide, VOLTAGE CORD L1000 (8 cords, approx. 3 m each: 1 each red, yellow, blue, and
gray plus 4 black; & alligator clips: 1 each red, yellow, blue, and gray plus 4 black), Spiral Tube, Input Cable Labels (for identifying
channel of voltage cords and clamp-on sensors), AC ADAPTER Z1002, Strap, USB cable (1 m length), BATTERY PACK Z1003,
SD MEMORY CARD (2GB) Z4001

Display specifications

Display [6.5-inch TFT color LCD (640 x 480 dots)

External Interface Specifications

8D card Interface

Saving of binary data, Saving and Loading setting files, Saving and Loading screen copies

Slot
Compatible card

Media full processing

Supported memory capacity

SD standard compliant

SD memory card/ SDHC memory card
Max. 32 GB with SD Card,; only use of the HIOKI 2GB SD Memory Card Modlel Z4001 is guaranteed by HIOKI.
Contact your HIOK! representative for special order larger capacity cards that offer the HIOK! guarantes.

Saving of data to SD memory card is stopped

RS-232C Interface

Connector
Connection destination

D-sub8pin

Measurement and control using GPS-synchronized time (connecting GPS BOX)

GPS box (cannot be connected to computer)

LAN Interface

1. HTTP server function (compatible software: Internet Explorer Ver.6 or later, Remote operation application function,
measurement start and stop control functions, system configuration function, event list function (capable of displaying event
waveforms, event vectors, and event harmonic bar graphs)

2. Downloading of data from the SD memory card using the 9624-50 PQA-HiView Pro

Connegctor : RJ-45

Transmission method 10BASE-T,100BASE-TX

USB2.0 Interface

1. Recognizes the SD memory card as a removable disk when connected to a computer.

The instrument cannot be connected during recording (inclhuding standby operation) or analysis
2. Download data from the SD memory card using the 8624-50 PQA-HiView Pro

The instrument cannot be connected during recording (including standby operation) or analysis.

Connector Series Breceptadle
Connection destination Computer [WindowsXP, WindowsVista(32kit), Windows7 (32/64bit)]
External control interface Connector 4-pin screwless terminal block

External event input Extemal event input at TTL low level (at falling edge of 1.0V orkess and when shorted) between GND terminal and EVENT IN terminal
Min. pulse width: 30 ms; rated voltage: -0.5Vto +6.0 V

External event output

External event output item setting
Short pulse output

Operation

TTL low output at event generation between
[GND] terminal and [EVENT OUT] terminal
TTL low output at event generation between’
[GND] terminal and [EVENT OUT] terminal
(No external event output at START event)
TTL low output at AV10 alarm between [GND]
terminal and [EVENT OUT] terminal

Pulse width
Low level for 10 ms or mare

Long pulse output Low level for approx. 2.5 s

AV10 alarm Low level while alarm occurning

i reverts to high at data reset

Environment and safety specifications

Operating environment

Indoors, altitude up to 3000 m (measurement category is lowered to 600 V CAT Il when above 2000m), Pollution degree 2

Storage temperature and humidity

-20t0 50°C (-4 to 122°F) 80% RH or less (non-condensating)
(If the instrument will not be used for an extended period of time, remove the battery pack and store in a cool location [from -20 to 30°C (-4 to 86°F)).)

Operating temperature and humidity

010 50°C (32 to 122°F) 80% RH or less (non-condensating)

Dust and water resistance

P30 (EN60529)

Maximum input voltage

Voltage input section 1000 VAC, DC+600 V, max. peak voltage +6000 Vpeak
Current input section 3VAC, DC+4.24V

Maximum rated voltage to earth

Voltage input terminal 600 V (Measurement Categories IV, anticipated transient overvoltage 8000 V)

Dielectric strength

6.88 kVrms (@50/60 Hz, 1 mA sense current):

Between voltage measurement terminals (U1 to U3) and voltage measurement terminals (U4)
4.30 kVrms (1 mA@50/60 Hz, 1 mA sense current):

Between voltage input terminal (U1 to U3) and current input terminals/interfaces

Between voltage (U4) and current measurement terminals, and interfaces

Applicable
standards

Safety  EN61010
EMC ENG1326 Class A, EN61000-3-2,
ENG1000-3-3

APD
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Measurement Specifications

:

;
TRANSIENT

;

:

Transient overvoltage

The RMS fluctu

1

(For specifications when measuring 400Hz circuits, please inquire with your HIOKI distributor.)

The MAX/MIN/AVG of each recording interval for each parameter are recorded.
When a power anomaly occurs, approx. 200ms instantaneous waveform is recorded
When a transient overvoltage is detected, the 2ms instantaneous waveforms before and after the occurrence (total 4ms) are recorded

ation 0.5s before and 29.5s after an event has occurred are recorded.

When a high order harmonic event occurs, the 40ms instantaneous waveform is recorded

TRANSIENT

Display items

For single transient incidents and continuous transient incidents
Transient voltage value, Transient width

For continuous transient incidents
Transient period (Period from transient IN to transient OUT)
Max. transient voltage value (Max. peak value during the period)
Transient count during period

Measurement method

Detected from waveform obtained by eliminating the fundamental component (50/60/400 Hz) from the sampled waveform

Sampling frequency

2MHz

Measurement range, resolution

+6.0000kVpeak, 0.0001kV

Measurement bandwidth

5 kHz (-3dB) to 700 kHz (-3dB)

Min. detection wiclth

0.5 ps

Measurement accuracy

+5.0% rdg.+1.0%fs.

RMS voltage/ RMS current

refreshed each half-cycle

Measurement method

RMS voltage refreshed each half-cycle True RMS type, RMS voltage values are caloulated using sample data for
1 waveform derived by overlapping the voltage waveform every half-cycle

RMS current refreshed each half-cycle RMS current is calculated using current waveform data sampled every half-cycle

Sampling frequency

200kHz

Measurement range, resolution

RMS voltage refreshed each half-cycle
RMS current refreshed each half-cycle

600.00V, 0.01V
Based on clamp-on sensor in use; see Input specifications

Measuremnent accuracy

RMS voltage refreshed each half-cycle +0.2% of nominal voltage (With 1.666% fs. o 110% fs. input and a rominal input voltage of at kast 100 V)

+0.2%rclg. +0.08%f.s. (Wih inputoutside the range of 1.666% f. to 10% fs. ora nominal input woltage of less than 100V)

Swell/ Dip/ Interruption

RMS current refreshed each half-cycle +0.3% rdg.+0.6%f.s. + clamp-on sensor accuracy

FLUCTUATION

Display item Swell Swell height, Swell duration
Dip Dip depth, Dip duration
Interruption Interruption depth, Interruption duration

Measurement method Swell Aswell is detected when the RMS voltage refreshed each half-cycle exceeds the threshold in the positive direction
Dip Adip is detected when the RMS voltage refreshed each half-cycle exceeds the threshold in the negative direction
Interruption An interruption is detected when the RMS voltage refreshed each half-cycle exceeds the threshold in the negative direction

Range and accuracy.

See RMS voltage refreshed each half-cycle

Inrush current
Display item Maximum current of RMS current refreshed each 1/2 cycle
Measurement method Detected when the RMS current refreshed each 1/2 cycle exceeds the threshold in a positive direction
Range and accuracy See RMS current refreshed each half-cycle
RMS voltage, RMS current
Display items RMS voltage :  RMS voltage for each channel and AVG (average) RMS voltage for multiple channels

RMS current :  RMS current for each channel and AVG (average) RMS current for multiple channels

Measurement method

AC+DC True RMS type (Current DC value: with release of new clamp-on sensor)
RMS value calculated from 10 cycles (50 Hz) or 12 cycles (60 Hz)

Sampling frequency 200kHz
Measurement range, resolution |RMS voltage : 600.00V, 0.01V
RMS current :  Based on clamp-on sensor in use; see Input specifications
Measurement accuracy RMS voltage :  +0.1% of nominal voltage (With 1.866% f.s. to 110% f.s. input and a nominal input voltage of at least 100 V)
+0.2%rdg.+0.08%f.s. (With input outside the range of 1.666% fs. to 110% f.s. or a nominal input voltage of less than 100 V)
RMS current :  +0.2% rdg +0.1%f.s. + clamp-on sensor accuracy

Voltage waveform peak/ Cui

rrent waveform peak

Display item

Positive peak value and negative peak value

Measurement method

Measured every 10 cycles (50 Hz) or 12 cycles (60 Hz)
maximum and minimum points sampled during approx. 200 ms aggregation

Sampling frequency

200kHz

Measurement range, resolution

Voltage waveform peak :
Current waveform peak

+1200.0 Vpeak, 0.1V
The quadruple of RMS current measurement range (Based on clamp-on sensor in use; See Input specifications)

Voltage waveform comparison

Display item

Event detection only

Measurement method

A judgment area is automatically generated from the previous 200 ms aggregation waveform, and events are generated based
on a comparison with the judgment waveform. Waveform judgments are performed once for each 200 ms aggregation.

Comparison window width

10 cycles (50 Hz), 12 cycles (60 Hz)

No. of window points

4096 points synchronized with harmonic calculations

Frequency cycle

Measurement method

Calculated as the reciprocal of the accumulated whole-cycle time during one U1 (reference channel) cycle

Measurement range, resolution

70.000Hz, 0.001Hz

Measurement bandwidth

40.000 to 70.000Hz

Measurement accuracy

+0.200 Hz or less (for input from 10% f.s. to 110% f.s.)

Frequency

Measurement method

Calculated as the reciprocal of the accumulated whole-cycle time during approx. 200ms period of 10 or 12 U1 (reference channel) cycles

Measurerment range, resolition

70.000Hz, 0.001Hz

Measurement bandwidth

40.000 to 70.000Hz

Measurement accuracy

+0.020 Hz or less

10-sec frequency

TIME PLOT

Measurement method

Calculated as the reciprocal of the accumulated whole-cycle time during the specified 10s period for U1 (reference channel) as per IEC61000-4-30

Measuremnent range, resolution

70.000Hz, 0.001Hz

Measurement bandwidth

40.000 to 70.000Hz

Measurement accuracy

+0.010 Hz or less

APD
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Voltage DC value (ch4 only)

Measurement method

Average value during approx. 20ms aggregation synchronized with the reference channel (CH4 only)

Sampling frequency

200kHz

Measurement range, resolution

600.00V, 0.01V

Measurement aceuracy

+0.3%rdg. +0.08%f.s.

Current DC value (ch4 only; when using compatible sensor)

TIME PLOT EVENT

Measurement method

Average value during approx. 200ms aggregation synchronized to reference channel (CH4 only)

Sampling frequency

200kHz

Measurement range, resolution

Based on clamp-on sensor in use (with release of new clamp-on sensor)

Measurement acouracy

+0.5% rdg.+0.5%f.s. + clamp-on sensor accuracy

Active power/ Apparent power/ Reactive power

TiME PLOT I _EVENT I

Display items

Active power :  Active power for each channel and sum value for multiple channels.

Sink (consumption) and Source (regeneration)

Apparent power of each channel and its sum for multiple channels

No polarity

Reactive power of each channel and its sum for multiple channels

Lag phase (LAG: current lags voltage) and Lead phase (LEAD: current leads voltage)

Apparent power

Reactive power

Measurement method

Active power
Apparent power
Reactive power

Measured every 10 cycles (50 Hz) or 12 cycles (60 Hz)
Caloulated from RMS voltage U and RMS current |
Calculated using apparent power S and active power P

Sampling frequency

200kHz

Measurement range, resolution

Depends on the voltage x current range combination; see Input specifications

Measurement accuracy

Active power :  +£0.2% rdg.+0.1%f.s. + clamp-on sensor accuracy
Apparent power : 1 dgt. for calculations derived from the various measurement values
Reactive power :  +1 dgt. for calculations derived from the various measurement values

Active energy /Reactive energy TIME PLOT
Display items Active energy : WP+ (consumption), WP- (regeneration); Sum of multiple channels
Reactive energy :  WQLAG (lag), WQLEAD (lead); Sum for multiple channels Elapsed time
Measurement method Measured every 10 cydles (50 Hz) or 12 cycles (60 Hz)
Integrated separately by consumption and regeneration from active power
Integrated separately by lag and lead from reactive power
Integration starts at the same time as recording
Recorded at the specified TIMEPLOT interval
Sampling frequency 200kHz
Measurement range, resolution |Depends on the voltage x current range combination; see Input specifications
Measurement accuracy Active energy :  Active power measurement accuracy +10 dgt
Reactive energy :  Reactive power measurement accuracy +10 dgt.
Power factor /Displacement power factor TIME PLOT EVENT

Display items

Displacement power factor of each channel and its sum value for multiple channels

Measurement method

Power factor Calculated from RMS voltage U, RMS current |, and active power P
Displacement power factor :  Calculated from the phase difference between the fundamental voltage wave and the fundamental current wave
Lag phase (LAG: current lags voltage) and Lead phase (LEAD: current leads voltage

Sampling frequency

200kHz

Measurement range, resolution

~1.0000 (lead) to 0.0000 to 1.0000 (iag)

Voltage unbalance factor/ C

urrent unbalance factor (negative-phase, zero-phase)

Display items

Voltage unbalance factor Negative-phase unbalance factor, zero-phase unbalance factor
Current unbalance factor Negative-phase unbalance factor, zero-phase unbalance factor

Measurement method

Caloulated using various components of the three-phase fundamental wave (line-to-line voltage) for three-phase 3-wire
(3P3W2M, 3P3W3M) and three-phase 4-wire connections

Sampling frequency

200kHz

Measurement range

Voltage unbalance factor
Current unbalance factor

Component is V and unbalance factor is 0.00% to 100.00%
Component is V and unbalance factor is 0.00% to 100.00%

Measurement acouracy

+015%

Voltage unbalance factor
Current unbalance factor

High-order harmonic voltage component/ High-order harmonic current component

HIGH-RDER Hitd TIME PLOT

Display items

For single incidents and continuous transient incidents
High-order harmonic voltage component value
High-order harmonic current component value

For continuous incidents
High-order harmonic voltage component maximum value
High-order harmonic current component maximum value
High-order harmonic voltage component period
High-order harmonic current component period

Measurement method

The waveform obtained by eliminating the fundamental component is calculated using the true RMS method during 10 cycles (50
Hz) or 12 cycles (60 Hz) of the fundamental wave

Sampling frequency

200kHz

Measurement range, resolution

High-order harmonic voltage component :
High-order harmonic current component :

600.00V, 0.01V
Based on clamp-on sensor in use; See Input specifications

Measurement bandwidth

2kHz (-3dB) to 80KHz (-3dB)

Measurement accuracy

High-order harmonic voltage component
High-order harmonic current component ;

+10%rdg. +0.1%f.s.
+10% rdg.+0.2%f.s. + clamp-on sensor accuracy

Harmonic voltage/ Harmonic current (including fundamental component)

TIME PLOT Il EVENT |

Display items

Select either RMS or content percentage; From 0 to 50th order

Measurement method

Uses IEC61000-4-7:2002.

Comparison window width

10 cycles (50 Hz), 12 cycles (60 Hz)

No. of window points

4086 points synchronized with harmonic calculations

Measurement range, resolution

Harmonic voltage 600.00V, 0.01V
Harmonic current Based on clamp-on sensor in use; see Input specifications

Measurement

See measurement acouracy with a fundamental wave of 50/60 Hz

acouracy

When using an AC-only clamp sensor, Oth order is not specified for current and power

APD
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Total harmonic voltage/ Total harmonic current distortion factor

[TIME PLOT I _EVENT I

Display iterns

THD-F (total harmonic distortion factor for the fundamental wave)
THD-R (total harmonic distortion factor for the total harmonic including the fundamental wave)

Measurement method

Based on IEC61000-4-7:2002; Max. order: 50th

Comparison window width

10 cycles (50 Hz), 12 cydles (60 Hz)

No. of window points

4096 points synchronized with harmonic calculations

Measurement range, resolution

0.00 to 100.00%(Voltage), 0.00 to 500.00%(Current)

Measurement accuracy

Harmonic power (including

fundamental component)

[TIME PLOT | EVENT |

Display item

Select either RMS or content percentage; From O to 50th order

Meagurement method

Uses IEC61000-4-7:2002.

Comparison window width

10 cycles (50 Hz), 12 cycles (60 Hz)

No. of window points

4096 points synchronized with harmonic calculations

Measurement range, resolution

Depends on the voltage x current range combination; See Input specifications

Measurement accuracy

See measurement accuracy with a fundamental wave of 50/60 Hz (When using an AC-only clamp sensor, order Ois not specified for current and power)

Measurement accuracy with a fundamental wave of 50/60 Hz

Harmonic input Measurement accuracy

Voltage Specified with a nominal voltage of at least 100 V
(At least 1% of nominal voltage) Order O +0.3%rdg.+0.08%f.s.

Order 1+ +5.00%rdg

Specified with a nominal voltage of atleast 100 V

Voltage

(<1% of nominal voltage) Order 0: +0.3%rdg.+0.08%f.s.
Order 1+ +0.05% of nominal voltage

Current Order O +0.69%rdg.+0.6%fs +clamp-0on sensor accuracy
Order 1 to 20th: +0.6%rdg.+0.2%f.s.  +clamp-on sensor accuracy
Order 21 to 60th: ~ +1.0%rdg.=0.3%f.s. +clamp-on sensor accuracy

Power Order O: £0.6%rdg.+0.5%fs.  +clamp-on sensor accuracy

Order 1 to 20th:

Order 21 to 30th:
Order 31 to 40th:
Order 41 to 60th:

+0.696rdg.+0.2%f.s,
+1,0%rdg.+0.3%f.s

+2.0%rdg.+0.3%fs.
+3.0%rdg.+0.3%f.s.

+clamp-on sensor accuracy
+clamp-on sensor accuracy
+clamp-on sensor accuracy
+clamp-on sensor accuracy

Harmonic voltage phase angle/ Harmonic current phase angle (including fundamental component)

Display item Harmonic phase angle components for whole orders

Measurement method Uses IECE61000-4-7:2002

Comparison window width 10 cycles (50 Hz), 12 cycles (60 Hz)

No. of window points 4096 points synchronized with harmonic caloulations

Measurement range, resolution  |-180.00° to 0.00° to 180.00°

Measurement accuracy —

Harmonic voltage-current phase angle (including fundamental component)

Display item

Indicates the difference between the harmonic voltage phase angle and the harmonic current phase angle.
Harmonic voltage-current phase difference for each channel and sum (total) value for multiple channels

Measurement method

Uses IECE61000-4-7:2002

Comparison window width

10 oycles (50 Hz), 12 cycles (60 Hz)

No. of window points

4096 points synchronized with harmonic calculations

Measurement range, resolution

-180.00° to 0.00° to 180.00°

Measurement accuracy

st to 3rd orders @ + 2° +clamp-on sensor accuracy
4th to 50th orders: +(0.05° x k+2°) +clamp-on sensor accuracy; (k: harmonic orders)
Specified with a harmonic voltage of 1V for each order and a current level of at 1% f.s. or greater.

Inter-harmonic voltage and

inter-harmonic current TIME PLOT

Display item

Select either RMS or content percentage; 0.5 to 49.5th orders

Measurement method

Uses IEC61000-4-7:2002

Comparison window width

10 cycles (50 Hz), 12 cydles (60 Hz)

No. of window points

4086 points synchronized with harmonic calculations

Measurement range, resolution

Inter-harmonic voltage 1 600.00V, 0.01V
Inter-harmonic current : Due to using clamp-on sensor; See Input spedcifications

Measurement accuracy

Inter-harmonic voltage (Spdisdwit anamiasltage ofatleast 100) : - At least 1% of harmonic input nominal voltage: +5.00% rdg
<1% of harmonic input nominal voltage : £0.05% of nominal voltage
Inter-harmonic current

K Factor (multiplication factor)

; Unspecified
TIME PLOT EVENT

Measurement method

Calculated using the harmonic RMS current of the 2nd to 50th orders

Comparison window width

10 oycles (50 Hz), 12 cydles (60 Hz)

No. of window points

4096 points synchronized with harmonic calculations

Measurement range, resolution

0.00 to 500.00

Measurerment accuracy

Instantaneous flicker value

Measurement method

As per IEC61000-4-15

User-selectable from 230 Viamp/120 Viamp (when Pst and Pit are selected for ficker measurement)/d types of Ed? filter (230 Viamp 50/80 Hz, 120 Viamp 60/50 Hz)

Measurement range, resolution

99.999, 0.001

A V10 Flicker

Display items

AV10 measured at one minute intervals, average value for one hour, maximum value for one hour, fourth largest value for one
hour, total (within the measurement interval) maximum value

Measurement method

Caloulated values are subject to 100 V conversion following gap-less measurement once each minute

Measuremnent range, resolution

0.000 to 99.999V

Measurement accuracy

+2% rdg.+0.01 V (with a fundamental wave of 100 Vrms [50/60 Hz], a fluctuation voltage of 1 Vrms, and a fluctuation frequency
of 10 Hz)

Threshold 0.00 t0 9.99V alarm output is generated when the reading for each minute is compared to the threshold and found to be greater
IEC Flicker TIME PLOT
Display iterns Short interval flicker Pst, long interval flicker Pit

Measurement method

Based on IEC61000-4-15:1997 +A1:2003 Ed1/Ed2
Pst is calculated after 10 minutes of continuous measurement and Pit after 2 hours of continuous measurement

Measurement range

0.0001 to 10000 PU. broken into 1,024 segments with a logarithm

Measurement accuracy

Pst +5% rdg. (Specified within range 0.1000 to 20.000 using IEC61000-4-15 Edi.1 and IEC61000-4-15 Ed2 Class F1 performance test)

Flicker filter

Select 230 V lamp Edi, 120 V lamp Ed1, 230 V lamp Ed2, or 120 V lamp Ed2.

APD
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Zlamp-on sansors s pe: fications (O ptions)

Clam p-on sensor CLAMP ON SENSOR 0594 CLAMPOMNSENSOR 9550 CLAMP ON SENSOR 9551
¥ \ i \
Appeatsnce \ \
Frirnary curent rating 54 A 1004 AZ 004 AC
Cutput woltage A0 A AT A v A AT A WA AC
ezsLrement range ‘Ses input spedifications
Amplitude scouracy * +0.3%pcdy + 008 %1, +0 3%y + 0.02% 1=, * +0. 3% rcdgy.+ 0,013 *
Ph==s scocuracy * +2° o less +1* orless* +0.5° or less *
Inkzzdrmumn slhowskle input® S04 corfinious 130 A contiruous S50 A contirilous
fwtzzdrmuamn rated voltege to earth AT 113000 = AT NG00 Wrrns
Freguency charaseristics *1.0% or l=== for B6Hz fo SkHz (devistion fron specified scouracy)
Cord lergth 3 {0, B4
hlez=Laable conductor dizmeter it G (0597 hitzzs.pdBenm (1517)
. . AEWTET ) T3BH(S. 317121000 B3 "Jrnm, FEW(E 07 )= 152H 13 98 14 200168 I,
Dirnersions, NifEss Z30GIE 10z SEOY13 40z
*: 4 T0BEHT
Clam p-on sensor CLAMP O SEHSOR 9653 FLEXIBELE CLAWP OH SENSOR CTIEGT
.- 'd
Appearance \ 1
|
[ a |
A 4
Frimary curent rating 1000 A AC S004 &C, 50004 AC
Output woltage 0.5m"ra AC 00 i ACf=.
ezsLrement Enge Ses input specificatiors
Amplitade acouscy * *71.0% ooy, 0.01% s, 2 0%rody. 20.3%0=. "
Phiass aoouracy * +1* orless* +1% or less *
ftzsdrnum slhowskale input® 1000 A& contiruous * 0000 & corfirous *
2z CATIN 000 Yimn s
htzzdmum rated voltage o earth CAT I §00%mns=. CATIMEO0 Wins
Freguenicy characeristics Within £2% at 40Hz to SkHz (deviation om scouracy) *3cB or less for 10 Hz o S0kHz (within 23dB)
Sersor o circuit: B (G55
Cotdlleniin Sm. (3841 Circuitto conpector: Tm (328
hlez=Lrable corductor dismeter =oe. 55 a7 ), 80 (3 15" 12000 79 rrm bushar Mtz pESd i 10°)
z : Q5N (392 « 18EH (7.407) « 4200 (185 i, Crovitboos 350 (1.58%) « 12008H (4.7 « 340 {1.54°) mm,
himensions. s 500y (20,5 z.) MlgAgaz)
LRE skmline kattery 22, AC Ad=perioption)
Frower supply - ot extetral & 1o 15 Y DS power supply
7 A3 ADAPTER 9 445-02 furiversal 100 o 240G, 9WA, cumputir LS
Cptions (sold separatel : :
HiorS alo o i A ADAPTER 9 44503 furiwersal 100 1o 2400AC 9414 outpuiitr Euope)
*: 45t BEHz
Clam p-on sensor CLAMP ON SEWSOR 9625-02 CLAMP ON SENSOR 9525-03
i~y ”~
ApRETrEnce ‘, ‘?
Frimary curmrent rating S04, A 004 AC
Output woltage 0 A AC A A
hezcLrement range Ses input spedifications
Amplitade acourssy *0.3 %oy 2 0.02%f=. " 0 EWpdg. 2 0.02% s,
Phase socuracy Within £2° * Wiy £1°
fitzzdmurn allowskble input® 130 A confiruous * 130 A confruous. *

hitzzdrnumm rated voltege o earth CAT I Z0Mimn= (insusted conductor)
Frequency characteistic Witin +2% =t J0Hz to ScHz deviation fom accuacy)
Caord lemit CONNECTICON CORDOA21D (sold separsily) is reguired.
hlezeursble conduchor dizmeter fitzse glSrnm (0,50

Dimetsions, fass SR 0T )= 5EH 2 28" 19 D0{0.75" Jmm . S0g(1.80z )
Options (2old separately CONNECT DN CORD 9819 (Cord lenoth:3m (9 84H)

e CONMECTION CORD 9219 (so0ld separataly) is recuired.

* 45t 6EHz

APD
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o A0 ACIDC CLAMPON SEMSORCTIE 00 | AC/DC CLAMPON SENSOR CTOS2-00 ACDC CLAMP ONSENSOR CTOS-00
o SelEar (CTa5a1 burdled wit he CTE5E0) (CTa592 bunded with he CTE5E0; (CTE6a5 bunded with the CT55a0;
Appoarace : \ . = \
hoiudes CTOEN 1, CTESI0 1 CTEE02 o1, CTESA0 1 CTOEEE w1, CTESI0 1
CTOEEN, CTOE02 CTOSS (Clam p sansn speciications
CTED  om— CTeEC2 Cm—— CTeE _m—
Frirna y current rating 004 ATIDC 2008 ACDC 20008 AT
haximum et ranoe FS vale) 100N S COMtirLIoUS SO0 S COMfinLoLS ZO00ATN S COMfinLous
hazmun rated woltageto eath CAT Il AT GO0
Freciuercy ternd TG 10 10 KHz {-306) I D o 20 KHE (-506) I T 10 15 KHz (-306)
Cord length 2 (5.5
WieasLrable cordUCtor damater 35 mm {1367 or less 33 mm (1,307 of ess &5 i (2,17 of less
e aions. ass EIME O] = 120,08 = 1800717 ), | B2 2,447 167HIE.57) = 3500128 ) mm, | B2 2,447 « 1065H, 7.72) = 25001 387 mm,
: 2300 (8.1 02 4100 {14 5 0Z) 8000 (176 o)
CTEFA0 (SEMSOR UNIT) speciications
CTESOD
g 'When Cormbin e With sersce Hrarge - 1004 AC/ OG5, Hrange : 2004 AC/DG 15, Hrange : 0004 ACDG 15,
{H/L selectable) Lrage : 104 ACIDGC 15 Lrange : 504 AS/DC 15, Lrarge : 00AACDG 1s.
; Hrarge - A Hrange ;e Hrange ; e
Sensgh combihaton- Ot tirate Lrange : 10MiA Lrange : 10mw/a Lrange : fmi
Sargarcorrbinalon measrement mnge Soe nput spechications
2 0% £0 55615, (00
mg‘;’?m&m UGy £18%00L10%15. (D0 =T=66 HZ | +1596M00208%15 (00 = 1= 66 HZ) |£1.596100 20 59615, (45T 6HZ |« 12004
ik 42 SUITOE0.6 961 5 05 T 6OHE, 180] s 20004
E;r:crmmbhaﬁm acrany +0dag. (DG =14 65 H) +00ieq. (DG = T = 65 Hz) +00ag. 18HZ < T2 65 HZ)
Gord length M (331
Cimeansions, Mass FENT.A27 = 120H4.727 « 34041347 mm (2Cudng porubng pang, 166005 .5 02) jhduding batharias)
Foter sUpgly LFA akaline batteny 2, oplional A acdapher, or S W o 15 YOG extama power
Cpions tsold separatey) AC ADAPTER D445-02 (uriversal 100 10 240%AC , 0/1A oufautor LISA)

AT ADAPT ER 944 5-03 uhiversal 100 fo 2400AC , 9414 outputicr Burope)

* : Derating according fo mecuency

Clanp -0 eak sehsot CLANPON LEAK SENSOR 965710 CLAMP OH LEAK SENSOR 9675
Appestance
L]

Frirnary current rating 04 AC (Up fo 54 00 hiodd PWS1S5)
Cutput woltage 00 s AC
IiesasLrament range Seo jnput specications icarnot beusad D messuns power
Arnplitlide accuracy * +1 0%rdg £ 008 %15 * +1 /0% rdg +0 005%15. *
: vz, a4 fa. 1m &

Fesidual current cherecteristics (in 1004 go and refrn gectric wing) {in 104 go and retum electic wing)
Brectoredema rmagnetc fdds A004 ACAN CORESpoNGS 10 5maA, iax, 75ma
asam L rated woltageto earth CATINZ00W M jhsuated conduchan
Cord length S 1954
hiszsurablie conduchor dameher hitax, a0 mm (157" itz 30 mmi1.1802°)

- - W21 1A EHE 71 x BOME 35 " T2 SHE.A5 )
Bimansions Juass 42001 BE)MM, FB00(13 402 23 FO{26° ), 180015.602.)

* 45T EEHz
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Options CE

Current measursmant  (see P14 <15 Clamp-on s2nso 1s specifications for details)

CLAMP ON SENSOR ( Load cument, 4C) CLAMP ON AC/DC SENSOR (Load cument, 4C/DC)
\ a \ h $\ *\
4 @6 CTO667 CT0601-00 CT9692 a0 CTOA23-00
24, 3C, qasmmi0.sg) 2000 AC, st A1) 5008 ACH 50004 AC(sskeotble), 10042C0G / 104 ACOG G/ANAAGDG 20004 4COG 1 2004 ACDG
N Pomer 3 ﬁr,; L6 shkaline battery Raeni1 337 Sa-nm éi:r) Eermi217")
N o AGADVPTER S445-(RAL {sold separatdy) Power supply: Power supply: Pawer supply:
\ b LRelal ,), LAs dkainebatery LRE sk battery
- AN orac:omms«wus COMMWPTERAMSOMNS oG AMPTER 460G
“ﬁ (sclel dy) (sckd separately) (solcl separately)
9660 [ \ The CTaEen 20, CTSE52 20, and CTSEEG S0 mpesent he respective darmp
100 AC, g4 Zrrenin 56"y WJ@,OA ,4})0 gg‘""ﬁ"&w sensor bundled wit the CTEEE0 Senaa Unit.
20(3159:200079 )M
CLAMP ON ADAPTER CLAMP %N L%wgerﬁo&; Current)
-~ ® @ |
060502 0200410 R &
(204 AC) °°N" ECTION QORD9219 CTmo101 AC10004, 0657-10 9675
9695-02 {1008 AC) 02:3695-06 179, 100 AC gpwamm«u P31, 108, AC{Uptoa on Modd PG S),
$15mm {0.52"), CONNEGTION GOFD Cordlength :3m 9541 S0515720079 mbusker,  GAOTMITE ), qBommid 159,
19 5 requined (0l separately) Cordlength :3mi{9.24ft)

Voltage measuremant

WIR IN G ADAPTER WIR ING ADAPTER MAGHNETIC A 04 PTER 9804-01 (red) GRABBER CLIP
MAGHNETIC ADAPTER Q804-02 black) 0243

Fw@aWMRING FaaPANWIRING Magnetic tip for use with the standard Forusewit the sendamd
Yeltage Cond L1000 Yeltage Comd L1000 -
N\ {generlly canpatible wit WM& pen screws)

Redandbiack acapers sdd " PQA-HIVIEW PRO 9624-50
Pun:hse te epawty and cd:r Use Model 9524-20 POA-HIVIEW PRO
= ate for (versicn 2.00 @ kter) with 3 PC © znalyze
Rechice wltage cords for easy wiring tExnmplz M- 33\3@”5 W 4 ahptess) the chta collecedby the PW31SS,
Bund ked accesso ies
»
Vol e Cord L1000 AC ADAPTER Z1002
, 3pprox. 3meach: Powmer supply for tie P13
1 eaeh ned sellow, bue, 100Y AC t0 240 AC
POWER QUALITY ANALYZER PW2198 andgray plus 4 black;
CARRYINGCASE  CARRYING CASE Bundled accessories) &aligatrclips:1 each red,
C1001 C1002 MEMORY CARD 2GBZ4001, yellow, bHue, and gray plus
Softcase Hardcase OLTAGE CORD L1000, AC ADAPTER Z1002 4 bhck
450N 3a8: 2100mm - 41 S8 2850m m BATTERY PACK Z1002, Ingtruction manual
(177'Wx 13 6Hx 83'T) (163" Wx 234 Hx 104'D) ement quide, Shap, LB cable i
3 kg (120c) 5.7kq (20102) I
ST POWER QUALITY ANALYZER @#
ReE UK PW3198-90
R~ (Set with PQa HiVIEW PRO 962480 SD MEMORY CARD 2GEB BATT ERY PACK Z1003
and bundled zccassories) Z4001 (Mi-vH, 72 Wiaz00mah)
IMPORTANT IMPORTANT
Use Model PQA-HIVIEW PRO 062450 Use only the SD Card
%Pgn&%;mﬂﬁot?gassdack (version 200 or later) with a PC to analyze Z4001 sold by HIOKI.
Acce : Connection cable set the data co llected by the Py2198.

@Combination example: For three-phase 4-wire circuits containing leak current

PW2198-90 + 9661 x 3 + 9675 + PWao01 + C1001
POWEE@&JALITYAN?‘LYZEH CLAMP ON SENSOR (5004) CLAMP ON LEAK SENSOR WIRING ADAPTER CARRYING CASE
PQAHIVIEW PRO 9624-50

Phoe Company mamer and Produce mamer appearing ir ohir arcaleg o re eademarks or regizeed ceademarks o e iouT compania.

“HIoRI (ot (Shanghai) Sales 8. Trading Co., Ltd.
H I 0 K l TEL +86-21 6310020 FAY +852163910850 DSTRIBUTED BY
htip Siwvan . hicki.cn £ E mail: info@hickd comen

Beijing Office : TEL +36-10-84413761
HIOKI E. E. CORPORATION FAY +565-10-84415755 / E-ail:info-£j@hicki.com.cn
Guangzhou Office : TEL +86-20-3830R673

Headquarters : FAX +86-20-35300679/ E-rai: info-gr@hickicomen
81 Kotzumi, Ueda, Nagano, 3354192, Japan  Shenzhen Office : TEL +85756 23038367
TE +81-253-23-0962 FAX +81-258-28- 0963 FAX +86-755-23005160 / Enail:info-s28hick comen
htp:iwwm hicki cojp / E4mal: cscan@hicki cajp  HIOK| INDIA PRIVATE LIMITED :

+91 73148051 FAK +91 7314000083
E-mai: info@hicki in

HIOKI USA CORPORATION : HIOKI SINGAPORE FTE. LTD. :
TEL +-600-400-0109 FAX+1-600-400-H08 TEL +65-6524-7677 FAX465-8534.7477
http dusa com/ E-ml: com E-mai: |nfo@udct;a'nsﬂ
—
All vfamation comectas of Sep. 5, 2)12. Al pecificatiore are aabjct to change withot rotice. PUBI®ES-298  Prirded i Japm
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APPENDIX B PQ Logging Data for 2017/2018 FY

Please refer to the following pages.
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TC1 Feeder - Flicker, Voltage, Frequency, and Harmonics
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Figure 22 | TC1 - start of feeder — flicker measurements (Red Phase)
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Figure 23 | TC1 - start of feeder - flicker measurements (White Phase)
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Figure 24 | TC1 - start of feeder — flicker measurements (Blue Phase)
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Figure 25 | TC1 - end of feeder — flicker measurements (Red Phase)
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Figure 26 | TC1 - end of feeder - flicker measurements (White Phase)
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Figure 27 | TC1 - end of feeder - flicker measurements (Blue Phase)
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Figure 28 | TC1 - start of feeder — voltage measurements (Red Phase)
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Figure 29 | TC1 - start of feeder — voltage measurements (White Phase)

Upper Limit MinUrms3

- = Lower Limit

MaxUrms3

Time Plot - RMS U CH3

270.00

265.00

260.00

255.00

250.00

-

I-“I.I"'

i

vebolhy

o

AL

245.00

(&

240.00

235.00

230.00

225.00

220.00

80:9 8T-€0-70

80:0 8T-€0-70

80:8T 8T-€0-10

80:¢T 8T-€0-10

80:9 8T-€0-10

80:0 8T-€0-10

80:8T 8T-¢0-8¢

80:¢T 8T-¢0-8¢

80:9 8T-¢0-8¢

80:0 8T-¢0-8¢

80:8T 8T-¢0-LC

80:¢T 8T-¢0-LC

80:9 8T-¢0-LC

80:0 8T-¢0-LC

80:8T 8T-¢0-9¢

80:¢T 8T-¢0-9¢

80:9 8T-¢0-9¢

80:0 8T-¢0-9¢

80:8T 8T-¢0-9¢

80:¢T 8T-¢0-9¢

80:9 8T-¢0-9¢

80:0 8T-¢0-9¢

80:8T 8T-¢0-¥¢

80:¢T 8T-¢0-¥C

80:9 8T-C0-¥C

80:0 8T-C0-¥¢

80:8T 8T-¢0-€C

80:¢T 8T-¢0-€C

80:9 8T-¢0-€C

80:0 8T-¢0-€C

80:8T 8T-¢0-T¢

80:¢T 8T-¢0-TC

Figure 30 | TC1 - start of feeder — voltage measurements (Blue Phase)

71| Page



Time Plot-RMSUCHL ~ =-=-- Lower Limit Upper Limit ——— MinUrmsl ——— MaxUrms1
270.00
265.00
260.00
255.00
250.00 AT Tt LA ] M e s Mepr o T AT S RN Tt S
[ ¥ 'J"‘\ "*W'IM ey Al J" NI‘“/"—‘“‘*"”‘ A \'\“w‘ e r*m-*l“\' i W, '“ M -,.'..\f “J‘*”A" e " “" A ‘“\ ’Jr.h,w,w WL T 'rh" N rl m‘ »\,;“'-r‘ e \
245.00 f ﬂ”r H'1"'\U"‘*"’f'““‘“" iy 'Iln’un‘:\::drﬂl.l‘k ”‘ i H F/H\'“‘_\Gb/"““wm ,'r” : s *'?\F"\* M’T g > r“f{’ A 'r"(r' i““"'ﬁ"'”h"‘“:‘ﬁu LA m"'ﬁF‘ \«"w?*""‘”?"'; r\::{“'ph [ Laad ' ﬁwﬂ\n"‘“ wﬁl}"ﬁ T 'Tm W \“"\v “’W‘f‘rr Al H W L \?ﬁ
v
240.00 Hypehl iy ALk s
235.00
230.00
225 OO — — — — —— — — — — —— — — — — —— — — — — —— — — — — — — — — — — —_—_ — — — —_—_—_ —_ — — — —— — — — — —— — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — ——
220.00
[Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex] [Ex]
= = = = = = = = = = = = = = = = = = = = = = = = = = = = e <
— [a4] [+3] [Ey] — [a4] [+3] [Ey] — [a4] [+3] [Ey] — [a4] [+3] [Ey] — [a4] [+3] [Ey] — [a4] [+3] [Ey] — [a4] [+3] [Ey] — [a4]
[} oo oo — [} oo oo — [} oo oo — [} oo oo — [} oo oo — [} oo oo — [} oo oo — [} oo
® = = ® ® = = ® ® = = ® ® = = ® ® = = ® ® = = ® ® = = ® ® =
- e e - - e e - - e e - - e e - - e e - - e e - - e e - - e
g 2 2 g g 2 2 g g 5 5 g g < < g g S S g g 2 2 g g 2 2 g g 2
< m m < < ) ) < < ~ ~ < < ) ) < < @ @ < < ) ) < < — — < < o~
= — — [Ey] [Ey] — — w w — — L L — — [+4] [+4] — — [+3] [+3] [} [} (=] (=] [} [} — — i~
— — — — — — — — — — — ~ ~ ~ ~
Figure 31 | TC1 - end of feeder — voltage measurements (Red Phase)
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Figure 32 | TC1 - end of feeder — voltage measurements (White Phase)
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Figure 33 | TC1 - end of feeder — voltage measurements (Blue Phase)
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Figure 34 | TC1 - start of feeder — frequency measurements
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Figure 35 | TC1 - end of feeder — frequency measurements
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Figure 36 | TC1 - start of feeder — voltage THD measurements (Red Phase)
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Figure 37 | TC1 - start of feeder — voltage THD measurements (White Phase)
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Figure 38 | TC1 - start of feeder — voltage THD measurements (Blue Phase)
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Figure 40 | TC1 - end of feeder — voltage THD measurements (White Phase)
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Figure 41 | TC1 - end of feeder — voltage THD measurements (Blue Phase)
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Figure 42 | TC1 - start of feeder — 3 to 13t (odd) harmonics (Red Phase)
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Figure 43 | TC1 - start of feeder — 15t to 25t (odd) harmonics (Red Phase)
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Figure 44 | TC1- start of feeder — 2th to 12t (even) harmonics (Red Phase)
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Figure 45 | TC1 - start of feeder — 14t to 24th (even) harmonics (Red Phase)
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Figure 46 | TC1 - end of feeder — 3" to 13t (odd) harmonics (Red Phase)
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Figure 47 | TC1 - end of feeder — 15t to 25t (odd) harmonics (Red Phase)
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Figure 48 | TC1- end of feeder — 2t to 12th (even) harmonics (Red Phase)

H16 H18 H20 H22 H24

——H14

Time Plot - HARMONICS U1 MAX

100.00

10.00

1.00

0.10

Sti€ 8T0Z/20/TT

SPTZ 810C/20/12

SPiST810Z/T0/1T

St:6 8T0Z/T0/TT

Sti€ 8T0Z/T0/TT

SP:TZ 810Z/20/0

Sp:ST 810Z/20/0T

St:6 8T0Z/20/0T

Sti€ 8T0Z/20/0T

SPTZ 810Z/20/6T

Sp:ST810Z/Z0/6T

St:6 8T0Z/20/6T

Sti€ 8T0Z/T0/6T

SPTZ 810Z/20/8T

Sp:ST810Z/20/8T

St:6 8T0Z/T0/8T

Sti€ 8T0Z/T0/8T

SPTZ 8T0C/T0/LT

SPST8TI0L/T0/LT

St:6 8T0Z/T0/LT

Sti€ 8T0Z/T0/LT

SPTZ 810Z/20/9T

Sp:ST810Z/20/9T

St:6 8T0Z/T0/9T

Sti€ 8T0Z/T0/9T

SPTZ 810Z/20/ST

SP:ST8T0Z/T0/ST

St:6 8T0Z/T0/9T

Sti€ 8T0Z/T0/ST

SPTZ 8T0Z/20/¥T

Figure 49 | TC1 - end of feeder — 14t to 24t (even) harmonics (Red Phase)
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TC2 Feeder - Flicker, Voltage, Frequency, and Harmonics
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Figure 50 | TC2 - start of feeder — flicker measurements (Red Phase)
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Figure 51 | TC2 - start of feeder - flicker measurements (White Phase)
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Figure 52 | TC2 - start of feeder — flicker measurements (Blue Phase)
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Figure 53 | TC2 - end of feeder - flicker measurements (Red Phase)
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Figure 54 | TC2 - end of feeder - flicker measurements (White Phase)
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Figure 55 | TC2 - end of feeder — flicker measurements (Blue Phase)
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Figure 56 | TC2 - start of feeder — voltage measurements (Red Phase)
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Figure 57 | TC2 - start of feeder — voltage measurements (White Phase)
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Figure 58 | TC2 - start of feeder — voltage measurements (Blue Phase)
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Figure 59 | TC2 - end of feeder — voltage measurements (Red Phase)
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Figure 60 | TC2 - end of feeder — voltage measurements (White Phase)
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Figure 61 | TC2 - end of feeder — voltage measurements (Blue Phase)
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Figure 62 | TC2 - start of feeder — frequency measurements
Time Plot - RMS Frequency Max Min — - — Max Limit Min Limit
51.50
51.00
50.50

£0.00 MW»«MWU*hhuwum\\\mMLMmUw‘w,*\wﬂwﬂ'lMMW%MMMW'P\mWMW,J'm'»»1.'lM-‘-MdWwwwM't.JkWW\MWMWMNWMWMWWWWMMMMMW M\w‘ﬂwwwwwwm
iy N““\mﬂr“"ﬂHvn*H{‘-'l"rwlru‘f.“nrrwﬁ]*rw‘w“"r*‘;mx{rﬂﬂr*-"*ﬁ“mffr'ﬂ'lﬁlrﬁ”ﬂ‘rri'1,"|’tll,rr**rr{r1'7.r""‘H”"||r"‘“n"Wf“Ml.“1”Tv‘v‘»‘f|,""ﬂ|"‘*rrf~”*f\¢1\~1"“ﬂw*ﬂ“4'Wﬁ“\'fw“ﬂ*knm"'»”ﬁ--«rwﬁ*ﬂrw-T“r"'ﬂrw’rWﬂ*"M-"'r'\"M'\m"r"p"dw\“rﬂﬂﬂ‘ﬁ*w%'T‘fﬁ*ﬂvﬁnvTH'MMwa‘W‘IWr*‘1'nﬁ.N»Wnlw-'W\W-‘lr.-w.-r*vwwnJrr‘gmﬂnrrrTﬂwp-q,Ter'lwm"'-rwr'wjrvww;‘wﬂwn"\wk\n:pm‘fﬂ. ‘w‘\hwl"-nw'f\(yr;rrlﬁ-

49.50

49.00

48.50

05-03-18 14:01
05-03-18 20:01
06-03-18 2:01
06-03-18 8:01
06-03-18 14:01
06-03-18 20:01
07-03-18 2:01
07-03-18 8:01
07-03-18 14:01
07-03-18 20:01
08-03-18 2:01
08-03-18 8:01
08-03-18 14:01
08-03-18 20:01
09-03-18 2:01
09-03-18 8:01
09-03-18 14:01
09-03-18 20:01
10-03-18 2:01
10-03-18 8:01
10-03-18 14:01
10-03-18 20:01
11-03-18 2:01
11-03-18 8:01
11-03-18 14:01
11-03-18 20:01
12-03-18 2:01
12-03-18 8:01
12-03-18 14:01
12-03-18 20:01
13-03-18 2:01
13-03-18 8:01
13-03-18 14:01
13-03-18 20:01
14-03-18 2:01
14-03-18 8:01
14-03-18 14:01
14-03-18 20:01
15-03-18 2:01
15-03-18 8:01
15-03-18 14:01

Figure 63 | TC2 - end of feeder — frequency measurements
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Figure 64 | TC2 - start of feeder — voltage THD measurements (Red Phase)
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Figure 65 | TC2- start of feeder — voltage THD measurements (White Phase)
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Figure 66 | TC2 - start of feeder — voltage THD measurements (Blue Phase)
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Figure 67 | TC2 - end of feeder — voltage THD measurements (Red Phase)
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Figure 68 | TC2 - end of feeder — voltage THD measurements (White Phase)
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Figure 69 | TC2 - end of feeder — voltage THD measurements (Blue Phase)
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Figure 70 | TC2 - start of feeder — 3" to 13t (odd) harmonics (Red Phase)
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Figure 71 | TC2 - start of feeder — 15" to 25t (odd) harmonics (Red Phase)
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Figure 72 | TC2- start of feeder — 2th to 12t (even) harmonics (Red Phase)
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Figure 73 | TC2- start of feeder — 14t to 24" (even) harmonics (Red Phase)
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Figure 74 | TC2 - end of feeder — 3" to 13t (odd) harmonics (Red Phase)
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Figure 75 | TC2 — end of feeder — 15t to 25t (odd) harmonics (Red Phase)
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Figure 76 | TC2—- end of feeder — 2t to 12th (even) harmonics (Red Phase)
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Figure 77 | TC2 — end of feeder — 14t to 24t (even) harmonics (Red Phase)
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TC3 Feeder - Flicker, Voltage, Frequency, and Harmonics
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Figure 78 | TC3 - start of feeder — flicker measurements (Red Phase)
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Figure 79 | TC3 - start of feeder - flicker measurements (White Phase)
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Figure 80 | TC3 - start of feeder — flicker measurements (Blue Phase)
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Figure 81 | TC3 - end of feeder - flicker measurements (Red Phase)
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Figure 82 | TC3 - end of feeder - flicker measurements (White Phase)
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Figure 83 | TC3 - end of feeder — flicker measurements (Blue Phase)
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Figure 84 | TC3 - start of feeder — voltage measurements (Red Phase)
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Figure 85 | TC3 - start of feeder — voltage measurements (White Phase)
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Figure 86 | TC3 - start of feeder — voltage measurements (Blue Phase)
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Figure 87 | TC3 - end of feeder — voltage measurements (Red Phase)
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Figure 88 | TC3 - end of feeder — voltage measurements (White Phase)
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Figure 89 | TC3 - end of feeder — voltage measurements (Blue Phase)
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Figure 90 | TC3 - start of feeder — frequency measurements
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Figure 91 | TC3 - end of feeder — frequency measurements
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Figure 92 | TC3 - start of feeder — voltage THD measurements (Red Phase)
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Figure 93 | TC3- start of feeder — voltage THD measurements (White Phase)
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Figure 94 | TC3 - start of feeder — voltage THD measurements (Blue Phase)

APD 06 7o se



THD Limit
%"’*hh»w Ao AT DA, I

2

G LT

bWy P,

Red Phase Max

~ pad )

A vt e P
'\A,\‘_,\-“""M-"-)'wa T R gL, WHL,WN

S i

ol

Time Plot - RMS UTHD CH1

o ) P P pti ]
e TR T W EE s SN LV RPN et =t

o L A ._“f"\\.

’ L A L
Sl d\'"\_q_.tv‘ﬁnwi‘”“ e

[ e
1.00 » “'1“I‘W'.'M}(h'..l e T

9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
0.00

Te:8 8T-¢0-€T

Te:C 8T-¢0-€T

Te 0T 8T-¢0-CT

TerT 8T-20-CT

Te:8 8T1-¢0-CT

Te:T 8T-¢0-CT

Te0C 8T-¢0-TT

TerT 8T-¢0-TT

Te:8 8T-¢0-TT

Te:Z 8T-¢0-TT

Te 0T 8T-¢0-0T

TetT 81-20-0T

Te:8 81-¢0-0T

Te:T 8T1-¢0-0T

Te 0T 81-20-60

TetT 81-20-60

Te:8 81-¢0-60

Te:C 81-¢0-60

Te 0T 81-¢0-80

TetT 81-20-80

Te:8 81-¢0-80

T 81-¢0-80

Te 0T 8T-¢0-£40

TetT 81-20-L0

Te:8 81-¢0-£L0

Te:T 8T1-¢0-£L0

Te0C 8T1-20-90

Te T 81-20-90

Te:8 81-¢0-90

Te:Z 8T-¢0-90

Te 0T 81-¢0-90

TetT 81-20-90

THD Limit

White Phase Max

MU ", X
*M\w«r}"v"‘w’”" Whnaclupp ! Al /,vw,M-v\J\‘“*"-w\%-’JuM&A

'-H-HI‘“L.,I

\W,'\—\J‘“‘LMJL'NFL‘{W‘AW"M"'"'L"-‘N\‘h

Time Plot - RMS UTHD CH2

Figure 95 | TC3 - end of feeder — voltage THD measurements (Red Phase)
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Figure 96 | TC3 - end of feeder — voltage THD measurements (White Phase)
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Figure 97 | TC3 - end of feeder — voltage THD measurements (Blue Phase)
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Figure 98 | TC3 — start of feeder — 3" to 13t (odd) harmonics (Red Phase)
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Figure 99 | TC3 - start of feeder — 15" to 25t (odd) harmonics (Red Phase)
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Figure 100 | TC3- start of feeder — 2th to 12th (even) harmonics (Red Phase)
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Figure 101 | TC3- start of feeder — 14" to 24t (even) harmonics (Red Phase)
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Figure 102 | TC3 — end of feeder — 3" to 13t (odd) harmonics (Red Phase)
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Figure 103 | TC3 — end of feeder — 15 to 25 (odd) harmonics (Red Phase)
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Figure 104 | TC3- end of feeder — 2t to 12th (even) harmonics (Red Phase)
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Figure 105 | TC3 — end of feeder — 14t to 24" (even) harmonics (Red Phase)
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TC4 Feeder — Flicker, Voltage, Frequency, and Harmonics
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Figure 106 | TC4 - start of feeder — flicker measurements (Red Phase)
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Figure 107 | TC4 - start of feeder - flicker measurements (White Phase)
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Figure 108 | TC4 - start of feeder — flicker measurements (Blue Phase)
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Figure 109 | TC4 — end of feeder - flicker measurements (Red Phase)
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Figure 110 | TC4 - end of feeder - flicker measurements (White Phase)
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Figure 111 | TC4 - end of feeder — flicker measurements (Blue Phase)
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Figure 112 | TC4 - start of feeder — voltage measurements (Red Phase)
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Figure 113 | TC4 - start of feeder — voltage measurements (White Phase)
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Figure 114 | TC4 - start of feeder — voltage measurements (Blue Phase)
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Figure 115 | TC4 - end of feeder — voltage measurements (Red Phase)
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Figure 116 | TC4 - end of feeder — voltage measurements (White Phase)
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Figure 117 | TC4 - end of feeder — voltage measurements (Blue Phase)

105|Page

APD



Time Plot - RMS Frequency Max Min —-— Max Limit Min Limit
51.50
51.00
50.50
50.00 --".'-.. ||IM'!“I.|\'IH! nhetrid'ee g '!W.r Vbl it s3j b A h,uhli..«-ﬁl.',"nrl'm.‘m--p-.p..rmr'.b--kh'-.nl.ii‘-.'rp.*fa*q Mg it .'an'1.nM-.-‘-'mll,-,lm.+n.'u'--ul»q.w.lﬂ.wm.q'-'c itk A g et rn.--l.'-'l_.-'p-\,-'f.w..mp‘ v il ly iy W70t a0 LA  d 1A n  nfee ik -q.n.-..ih-v--_wllw-pl-u' kRl ol by ».W'."Ilu'n AR i 4‘-1“"”.!'.'-.-,.' l'
49.50
49.00
48.50
(%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3] (%3]
[Ey] — [a4] [+3] [Ey] — [a4] [+3] [Ey] — [a4] [+3] [Ey] — [a4] [+3] [Ey] — [a4] [+3] [Ey] — [a4] [+3] [Ey] — [a4] [+3] [Ey] — [a4] [+3]
— [} oo oo — [} oo oo — [} oo oo — [} oo oo — [} oo oo — [} oo oo — [} oo oo — [} oo oo
[+4] [+4] — — [+4] [+4] — — [+4] [+4] — — [+4] [+4] — — [+4] [+4] — — [+4] [+4] — — [+4] [+4] — — [+4] [+4] — —
- - o o - - o o - - o o - - o o - - o o - - o o - - o o - - o o
o o [=] [=] o o [=] [=] o o [=] [=] o o [=] [=] o o [=] [=] o o [=] [=] o o [=] [=] o o [=] [=]
< 2 @ @ 2 2 ™~ ™~ 2 2 o0 o0 2 2 @ @ 2 2 o o 2 2 o o 2 2 ~ ~ 2 2 0 M
[Ty} [Ty} [==] [==] [Tu] [Tu] [=] [=] s s [==] [==] [e2] [e2] [==] [==] [%3] [%3] — — (=] (=] — — — — — — [} [} — —
[==] [==] [==] [==] [=] [=] [==] [==] [==] [==] — — — — — —
Figure 118 | TC4 - start of feeder — frequency measurements
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Figure 119 | TC4 - end of feeder — frequency measurements
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Figure 120 | TC4 - start of feeder — voltage THD measurements (Red Phase)
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Figure 121 | TC4- start of feeder — voltage THD measurements (White Phase)
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Figure 122 | TC4 - start of feeder — voltage THD measurements (Blue Phase)
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Figure 123 | TC4 - end of feeder — voltage THD measurements (Red Phase)
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Figure 124 | TC4 - end of feeder — voltage THD measurements (White Phase)
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Figure 125 | TC4 - end of feeder — voltage THD measurements (Blue Phase)
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Figure 126 | TC4 — start of feeder — 3" to 13t (odd) harmonics (Red Phase)
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Figure 127 | TC4 - start of feeder — 15 to 25" (odd) harmonics (Red Phase)
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Figure 128 | TC4- start of feeder — 2t to 12th (even) harmonics (Red Phase)
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Figure 129 | TC4- start of feeder — 14" to 24t (even) harmonics (Red Phase)
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Figure 130 | TC4 — end of feeder — 3" to 13t (odd) harmonics (Red Phase)
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Figure 131 | TC4 — end of feeder — 15 to 25" (odd) harmonics (Red Phase)
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Figure 132 | TC4 — end of feeder — 2th to 12th (even) harmonics (Red Phase)

H18 H20 ~——H22 ——H24

H16

——H14

Time Plot - HARMONICS U1 MAX

100.00

10.00

1.00

0.10

£1:9 8T-€0-9T

£LT:0 8T-€0-9T

LT:8T 8T-€0-PT

LT:CT 8T-€0-PT

£1:9 8T-€0-PT

LT:0 8T-€0-PT

LT:8T 8T-€0-€T

LT:CT 8T-€0-€T

£1:9 8T-€0-€T

£LT:0 8T-€0-€T

LT:8T 8T-€0-¢T

LT:CT 8T-€0-¢T

£1:9 8T-€0-CT

LT:0 8T-€0-CT

LT:8T 8T-€0-TT

LT:CT 8T-€0-TT

£1:9 8T-€0-TT

LT:0 8T-€0-TT

LT:8T 8T-€0-0T

LT:CT 8T-€0-0T

£1:9 8T-€0-0T

£T:0 8T-€0-0T

LT:8T 8T-€0-60

LT:CT 8T-€0-60

£1:9 8T-€0-60

£LT:0 8T-€0-60

£LT-8T 8T-€0-80

LT:TT 8T-€0-80

£1:9 8T-€0-80

£T:0 8T-€0-80

LT:8T 8T-€0-£L0

LT:CT 8T-€0-L0

£1:9 8T-€0-£L0

LT:0 8T-€0-£L0

£LT:8T 8T-€0-90

LT:CT 8T-€0-90

£1:9 8T-€0-90

£T:0 8T-€0-90

£LT:8T 8T-€0-90

LT:CT 8T-€0-90

Figure 133 | TC4 — end of feeder — 14t to 24" (even) harmonics (Red Phase)
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Figure 134 | STS1 - start of feeder — flicker measurements (Red Phase)
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Figure 135 | STS1 - start of feeder — flicker measurements (White Phase)
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Figure 136 | STS1 - start of feeder — flicker measurements (Blue Phase)
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Figure 137 | STS1 - end of feeder - flicker measurements (Red Phase)
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Figure 138 | STS1 - end of feeder — flicker measurements (White Phase)
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Figure 139 | STS1 - end of feeder — flicker measurements (Blue Phase)
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Figure 140 | STS1 - start of feeder — voltage measurements (Red Phase)
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Figure 141 | STS1 - start of feeder — voltage measurements (White Phase)
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Figure 142 | STS1 - start of feeder — voltage measurements (Blue Phase)
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Figure 143 | STS1 - end of feeder — voltage measurements (Red Phase)
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Figure 144 | STS1 - end of feeder — voltage measurements (White Phase)
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Figure 145 | STS1 - end of feeder — voltage measurements (Blue Phase)
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Figure 146 | STS1 - start of feeder — frequency measurements
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Figure 147 | STS1 - end of feeder — frequency measurements
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Figure 148 | STS1 - start of feeder — voltage THD measurements (Red Phase)
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Figure 149 | STS1 - start of feeder — voltage THD measurements (White Phase)
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Figure 150 | STS1 - start of feeder — voltage THD measurements (Blue Phase)
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Figure 151 | STS1 - end of feeder — voltage THD measurements (Red Phase)
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Figure 152 | STS1 - end of feeder — voltage THD measurements (White Phase)
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Figure 153 | STS1 - end of feeder — voltage THD measurements (Blue Phase)




——H5 H? —H3 ——H11 ——H13

—H3

Time Plot - HARMOMICS UL MAX

100.00

10.00

1.00

0.10

TER BT-EO-E0

T TR BTECED

TE-0 BT-EC-TD

TEPT BT-EC-TD

CEB BT ECTD

TET BT ED-TO

TEOT BT-To-27

TErT 8T-C0-8T

T8 BT-I0-8T

Te T BT-I0-BT

TE-0 BT-T0-LT

CEPT BT-TO-LC

(40N vy s

e BT-I0-LE

TE0T BT-T0-5T

TErT BT-T0-5C

TE8 BT-I0-9C

[A3T4 - Ririve-Id

[T R T

CEPL 8h-grac

CE8 BT-I0-5T

TET BT-I0-5T

CEOE BT-E0-7E

Cerl HT-E0-vE

(43R Rerivgrid

el Bl-iore

CEOT BT-E0-EE

CEFT BT-E0-EE

CEE BT-Z0-ET

LB BT-E0-EE

CEE HT-E0-EE

TEFT BT-FO-TC

Figure 154 | STS1 — start of feeder — 3" to 13t (odd) harmonics (Red Phase)
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Figure 155 | STS1 — start of feeder — 15" to 25t (odd) harmonics (Red Phase)
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Figure 156 | STS1 — start of feeder — 2th to 12th (even) harmonics (Red Phase)
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Figure 157 | STS1 — start of feeder — 14" to 24t (even) harmonics (Red Phase)
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Figure 161 | STS1 — end of feeder — 14" to 24t (even) harmonics (Red Phase)
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Figure 164 | STS2 - start of feeder — flicker measurements (Blue Phase)
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Figure 165 | STS2 — end of feeder - flicker measurements (Red Phase)
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Figure 166 | STS2 - end of feeder — flicker measurements (White Phase)
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Figure 167 | STS2 - end of feeder — flicker measurements (Blue Phase)
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Figure 168 | STS2 - start of feeder — voltage measurements (Red Phase)
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Figure 169 | STS2 - start of feeder — voltage measurements (White Phase)
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Figure 170 | STS2 - start of feeder — voltage measurements (Blue Phase)
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Figure 171 | STS2 - end of feeder — voltage measurements (Red Phase)
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Figure 172 | STS2 - end of feeder — voltage measurements (White Phase)
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Figure 173 | STS2 - end of feeder — voltage measurements (Blue Phase)
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Figure 174 | STS2 - start of feeder — frequency measurements
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Figure 175 | STS2 - end of feeder — frequency measurements
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Figure 176 | STS2 - start of feeder — voltage THD measurements (Red Phase)
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Figure 177 | STS2 - start of feeder — voltage THD measurements (White Phase)
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Figure 178 | STS2 - start of feeder — voltage THD measurements (Blue Phase)
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Figure 179 | STS2 - end of feeder — voltage THD measurements (Red Phase)
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Figure 180 | STS2 - end of feeder — voltage THD measurements (White Phase)
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Figure 181 | STS2 - end of feeder — voltage THD measurements (Blue Phase)
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Figure 182 | STS2 — start of feeder — 31 to 13t (odd) harmonics (Red Phase)
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Figure 183 | STS2 — start of feeder — 15" to 25t (odd) harmonics (Red Phase)
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Figure 184 | STS2 — start of feeder — 2t to 12th (even) harmonics (Red Phase)

H16 H18 H20 ~——H22 ——H24

H14

Time Plot - HARMONICS U1 MAX

100.00

10.00

1.00

Al Ml w

aa MM 21

et

3
3

plaalnd u

—anld_ 1

[TH, T T

— _I.l.ll.lq Ll

LB T 8T-C0-TC

| 7107 8T-70-T2

L 0T 8T-C0-TC

L8 8T-70-T¢

T 8TT0TT

i

L0 8T-70-0C

L 9T 8T-70-0C
L8 8T-70-0¢
7T 8T-C0-0C
- 0T 8T-C0-6T

1 LryT 8T-70-6T

—

L8 8T-¢0-6T

LP:T 8T-C0-6T

L7707 8T-¢0-8T

A

L 9T 8T-¢0-8T

L#:8 8T-70-8T

L7:T 8T-C0-8T

L7 0T 8T-C0-LT

LPT 8T-C0-LT

L7:8 8T-C0-LT

LT 8T-C0-LT

A

L7707 8T-¢0-9T

L7 0T 8T-¢0-9T

L8 8T-70-9T

o LT 8T-¢0-9T

L7707 8T-¢0-ST

L7 0T 8T-¢0-ST

L8 8T-¢0-ST

LP:T 8T-C0-ST

L70C 8T-C0-PT

| LPPT 8T-TOPT

= 78 8T-T0-FT
o

-
o

Figure 185 | STS2 — start of feeder — 14" to 24t (even) harmonics (Red Phase)
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Figure 186 | STS2 — end of feeder — 3" to 13t (odd) harmonics (Red Phase)
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Figure 187 | STS2 — end of feeder — 15" to 25t (odd) harmonics (Red Phase)
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Figure 188 | STS2 — end of feeder — 2th to 12th (even) harmonics (Red Phase)
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Figure 189 | STS2 — end of feeder — 14" to 24t (even) harmonics (Red Phase)
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Figure 190 | STS6 - start of feeder — flicker measurements (Red Phase)
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Figure 191 | STS6 - start of feeder — flicker measurements (White Phase)
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Figure 192 | STS6 - start of feeder — flicker measurements (Blue Phase)
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Figure 193 | STS6 — end of feeder - flicker measurements (Red Phase)
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Figure 194 | STS6 - end of feeder — flicker measurements (White Phase)
I[EC Flicker CH3

1.20
0.80
0.60
0.40

W

\l\'\xh){;" ?LV'N\".}'JYL

(=

al

\i?uw.

[
WL
1

L

’J(. “IJJ\W\#\'»}

it

:?*;wr ;

7 M Lk
: ”%;M&Hﬁ

4

-_-:'mll-ww-h

o

i
L

o \s
’WW*W@ ) 'ﬁ"wlp

fl.
Mo

Y

byt

N

=

ﬂwvv.‘,!w

A
»}UIE*\V\:L-: -

gl

020 P M

0.00

i‘ ‘_ I|I I
T f?j”hwwm‘ v '\\,a:r"lﬂll}%bt‘?ﬂ'ﬁh‘mﬁ f \'—'\%@6\‘%

OF:TT 8T-¢0-€T

Of:9 8T-¢0-€T

Of € 8T-¢0-¢T

O LT 8T-¢0-CT

O TT 8T-¢0-¢T

Of:9 8T-¢0-CT

Of e 8T-¢0-TT

O LT 8T-¢0-TT

O TT 8T-¢0-TT

Of:9 8T-¢0-TT

Of:€C 8T-70-0T

O LT 8T-¢0-0T

OF: TT 8T-¢0-0T

Of:9 8T-¢0-0T

Of-€C 8T-70-60

OF- LT 8T-70-60

OF:TT 8T-¢0-60

Of:9 8T-70-60

Of- € 8T-70-80

OF-£LT 8T-70-80

OF:TT 8T-¢0-80

Of:S 8T-70-80

Of-€ 8T-70-L0

O LT 8T-70-L0

OF: TT 8T-¢0-£L0

Of:9 8T-¢0-L0

Of-€ 8T-70-90

OF- LT 8T-70-90

OF:TT 8T-¢0-90

Of:9 8T-70-90

Of-€C 8T-¢0-90

OF- LT 8T-¢0-S0

136 |Page

Figure 195 | STS6 - end of feeder — flicker measurements (Blue Phase)
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Figure 196 | STS6 - start of feeder — voltage measurements (Red Phase)
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Figure 197 | STS6 - start of feeder — voltage measurements (White Phase)
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Figure 198 | STS6 - start of feeder — voltage measurements (Blue Phase)
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Figure 199 | STS6 - end of feeder — voltage measurements (Red Phase)
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Figure 200 | STS6 - end of feeder — voltage measurements (White Phase)
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Figure 201 | STS6 - end of feeder — voltage measurements (Blue Phase)
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Figure 202 | STS6 - start of feeder — frequency measurements
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Figure 203 | STS6 - end of feeder — frequency measurements
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Figure 204 | STS6 - start of feeder — voltage THD measurements (Red Phase)
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Figure 205 | STS6 - start of feeder — voltage THD measurements (White Phase)
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Figure 206 | STS6 - start of feeder — voltage THD measurements (Blue Phase)
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Figure 207 | STS6 - end of feeder — voltage THD measurements (Red Phase)
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Figure 208 | STS6 - end of feeder — voltage THD measurements (White Phase)
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Figure 209 | STS6 - end of feeder — voltage THD measurements (Blue Phase)
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Figure 210 | STS6 — start of feeder — 31 to 13t (odd) harmonics (Red Phase)
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Figure 211 | STS6 — start of feeder — 15" to 25t (odd) harmonics (Red Phase)
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Figure 212 | STS6 — start of feeder — 2t to 12th (even) harmonics (Red Phase)
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Figure 213 | STS6 — start of feeder — 14" to 24t (even) harmonics (Red Phase)
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Figure 214 | STS6 — end of feeder — 3" to 13t (odd) harmonics (Red Phase)
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Figure 215 | STS6 — end of feeder — 15" to 25t (odd) harmonics (Red Phase)
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Figure 216 | STS6 — end of feeder — 2th to 12th (even) harmonics (Red Phase)
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Figure 217 | STS6 — end of feeder — 14" to 24t (even) harmonics (Red Phase)
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APPENDIX C Electrical Faults Log for 2017/18 FY

Please refer to the following pages.
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NPI UTILITIES INLAND DISTRIBUTION INCIDENT LOG .
SAIDI/SAIFI Calculations
- Use drop down boxes to determine affected customers
Event | Notification Date Time off | Time restored | Outage Affected System |Protection Relay| Fault Fault Syst Effect on Probable/exact Cause Action/investigation 1Doc Failure Substation |Customers| Feeder |Customers|TX/RMU/R |Customers Total Fduration
Number (GPS/non | (GPS/non GPS) [ Duration [Generation/Fdr/D| Voltage | that cleared the quency Investigation RPT Affected Affected EC Affected | Consumer| (From
(15AP) GPS) (mins) istribution fault {Amps) | (Seconds) |during fault Link s affected | column C)
Description (Hz)
319 420046555 |12018-05-30| 10:27:00 10:44:00 17.00 Town Sub TC2 & 1" Karnaji Sub 3000 50 Town Feeders TC2 | Operator fault, Closed earth switch | Investigate malgrading of 66kV protection with 0 TC2 471 0 471 17.00
TC4 KNJ701.0 Town &TC4 onto live cable at RMU1 11kV. Operator Error to be investigated by
Jleadership team
317 419763421 | 2018-05-02| 06:18:00 6:46:00 2800 STS2 Feeder 1 Micom P127 B65A N/A N/A QOutage to South Confirmed Birdstrike at Pole 3351 Line patrol completed. Power Restored 0 STS2 255 0 255 28.00
Newman Residential
Area. Approximately
160 Residential
customers affected
314 419645733 |2018-04-18| 12.09:00 12:50:00 41.00 TC4 & Recloser 1" TC4P127 & 400 N/A N/A Loss of power to Hot Joint at ABS 34/114 Repairs to ABS underway. Line patrol done prior 0 TC4 330 0 330 41.00
34/37 Feeder Recloser at Gun East Newman and and discovered no other issues
Club Earth Fault Air port line
309 419313074 | 2018-03-10| 142400 15.04 4000 South Town " Fire Panel NA NA 50 Loss of supply to Faulty fire panel isolation - Applied Out of Service and Information Tag onto Southtown 708 0 0 708 40.00
STS701 66KV Unwanted control half of Newman the FIP2 STS unit to indicate that there is a
- signal sent to Town including LIA potential issue with the HV isolation switch and fire
open all breakers and Shopping area panel maintenance cannot to be done in the
during routine FIP meantime. a visual inspection of the system and
maintenance basic display checks can be done
- Initial review indicated that the fire panel HV
isolation switch has been implemented however |pwp-ffioldoc/webto
drawing updates were not done drl/objectld/0bo3¢]
-Team conversations indicate that isolation was
done at software level, not at hardware level —to 41a832299¢
be verified at site inspection
- Obtained sequence of events from fire
maintenance Technician who was present during
the outage
- Communicated outage to relevant parties
- Updated and rectified SCADA historical server.
304 2018-02-17] 15:15.00 15:22 7.00 STS2 Feeder 1 N/A INFA N/A NFA Emergency Foliage Foliage cleared ok, Supply restored, 7 minute 0 STS2 255 0 255 7.00
Interruption to clear outage
foliage from vicinity
of mains, impending
storm/cyclone
activity. 11kV ABS
32/47/1 opened to
energise work area
Interruption to PS70,
T35, T72&T30-
Total of 98
customers
290 418545218 |2017-11-30| 13:21:00 13:58 37.00 North Newman 11kV Fuse N/A N/A N/A Loss of supply to Hot joint on aged fuse Fuse replaced and line re energised with no issues 0 0 20 20 37.00
distribution T 14 residences on http:/fioldoc/webto
Mindarra Dr p/drl/obiectid/0b03c| T4
41a831ceb82
418354050 | 2017-11-04] 165148 17:34:00 4220 | TC4 & Recloser 1MkV TC4P127&  |B phase N/A N/A Loss of power to Line patrol done but did not find Line re-energinzed without any issues 0 REC 34/37 148 [ 149 4220
34/37 Feeder Recloser 34/37 | 517A East Newman and probable cause. TC4
281 Earth Fault Earth Air port line PS127
427A
418124813 | 2017-10-03| 190000 20:30:00 90.00 T37 Newman 11kV White Phase DOF| N/fA N/A N/A Loss of supply to a | line patrol could not find any issues | Blown DOF reinstated and supply restored with no 0 0 40 40 90.00
Town section of Newman with the lines. otherissues
Town supplied by
274 T37. Approx. 15-20 137
customers affected.
418123805 [2017-10-03| 13:11.00 13:45:00 34.00 STS2 Feeder 1MkV STS2 Micom 693A N/A N/A Loss of supply to | line patrol could not find any issues Feeder restored without any issues 0 STS2 255 0 255 34.00
Earth South of Newman with the lines.
Fault Town,
Z3 approximately 170
customers affected.
417555810 | 2017-08-22| 16:20:00 17:42:00 82.00 Newman Town 11kv Pole 35/35DOFs | N/A N/A N/A Lost of supply to More inspections required but Load supplied through the fuses were 0 DOF 35/35 30 0 30 82.00
Wilara street to approximately 120 suspect it may be a bad joint or approximately 60-70A. Fuses are meant to be T TC3
Mindarra drive customersin the bruised/underrated fuses. rated at 150A. Recommend liney to visually inspect [http://ioldoc/webto
267 joints and Pole 35/35 devices then replace all 3 |p/drl/objectid/0b03c|
North Newman fuses to new 150A ones 41a830b65fd
Town area. [——
432960056 | 2017-07-03| 14.13:59 16:21:00 Capi Roadhouse " DOF at Pole N/A N/A N/A Loss of supply to Birdstrike, line patrol discovered | Restored DOFs and re-energized line. Protection 0 DOF 34/52 1 0 1 127.02
259 feeder 34/114 K21 bore and Capi dead bird worked as per design TC4
Roadhouse
416855399 | 2017-07-02| 09:19:00 13:50:00 27100 | Newman Airport " DOF at Pole N/A N/A N/A Outage to Corner B, |  Birdstrike at Pole 34.71 T36 Gun Line patrol done and DOFs replaced. Supply 0 0 1 1 271.00
258 Feeder 34/52 Airport and Capi. Club. Feathers found. Restored. Funherlnvest\gagon to Recloser 34/64 PS81
require
416850797 |2017-07-02| 06:30:00 7:00:00 3000 PS78LV LIA " PS78LV (B N/A N/A N/A Loss of LV supply to [ LVHotjoint onan LV overhead | Performed switching and planned outage to isolate 0 0 2 2 30.00
257 Supply parts of the LIA at switch. LV and HV to caryy out hot joint repairs. Break in ps78
Noraian Town outage planned for later part of the day. Protection
worked as per design
416845742 |2017-07-01| 11:30:00 13:35:00 125.00 Newman Town " DOFs N/A N/A N/A Lost 1 phase supply | Tree branch fell onto LV overhead. Linesperson isolated the line to clear the tree 0 0 28 28 125.00
T11 Residential to apprximately Blue Phase DOF blew. b{:z:aol?e. dp Z:;oom efoZZigk&ngJZr;Va%vgﬂ:\:?‘fjol;\:e.
A ur e inforce
256 SpY CEENENSD the line. Replaced DOFS and re-energized line T
Protection worked as per design
Distribution Outage Pagelof1l Print Date: 13/08/2018
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