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1 INTRODUCTION
WSP | Parsons Brinckerhoff was engaged by TransGrid to assist with the determination of suitable attributes
for the parameters of its service target performance incentive scheme (STPIS). The parameters and sub-
parameters of the service component of TransGrid’s STPIS included in the review are:

à Average circuit outage rate

§ lines outage rate - fault

§ transformer outage rate - fault

§ reactive plant outage rate - fault

§ lines outage rate - forced outage

§ transformer outage rate - forced outage

§ reactive plant outage rate - forced outage

à loss of supply event frequency

à average outage duration

à proper operation of equipment

§ failure of protection system

§ material failure of Supervisory Control and Data Acquisition (SCADA) system

§ incorrect operational isolation of primary or secondary equipment

We note that the Proper Operation of Equipment parameter has an incentive weighting of zero and hence
has no financial impact.

WSP | Parsons Brinckerhoff determined a curve of best fit to TransGrid’s reliability data from the past five
years 2012-2016 (2016 data is currently forecast) for each of the parameters and calculated the 5th and 95th
percentile values on which proposed caps and collars for this scheme are based. Recommended values for
the parameter targets, caps and collars are proposed.

1.1 Approach

WSP | Parsons Brinckerhoff used the @RISK product, a risk analysis and simulation add-in tool for Microsoft
Excel, to determine the types of probability distribution that best fit the reliability data.

Recognising the need to present the best fit distribution curve based on the nature of the reliability data, the
following distribution parameters were chosen for this exercise:

à Average circuit outage rates are fitted with continuous probability distributions bounded at a lower limit
of zero.

à Loss of supply event frequency are fitted with discrete probability distributions.

à Average outage duration data are fitted using continuous probability distributions bounded at a lower
limit of zero.

Three key fit statistics were used to measure how well the probability distribution functions fit the input data.
For discrete probability distributions, the Akaike Information Criterion (AIC) was used. For non-discrete
distributions, the Kolmogorov-Smirnov (K-S) and the Anderson-Darling (A-D) fit statistics were used, based
on the following rationale:

à Discrete data:
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< For discrete probability distributions, tests relied on are the chi-square, the Akaike Information
Criterion (AIC) and the Bayesian Information Criterion (BIC).

< For the chi-square approximation to be valid the expected frequency in each interval bin should be at
least 5. As this is not possible with only 5 values in the dataset (one value for each year 2011 to
2015), some uncertainty in the fitted distribution will occur.

< AIC is a measure of the relative quality of a statistical model for a given set of data. AIC deals with the
trade-off between the goodness of fit of the model and the complexity of the model. It is founded on
information entropy: it offers a relative estimate of the information lost when a given model is used to
represent the process that generates the data. As such, AIC provides a means for model selection.

< BIC is closely related to the AIC, with a greater penalty for the number of parameters in the model. It is
only valid for sample sizes much larger than the number of parameters in the model and is therefore
likely to be inaccurate for small sample sizes.

< AIC is considered to provide a more appropriate methodology for determining the curve of best fit to
small datasets than the chi-square or BIC.

à Continuous data:

< For non-discrete distributions, tests relied on are the chi-square, the Kolmogorov-Smirnov (K-S), the
Anderson-Darling (A-D), and the AIC and BIC.

< The chi-square test, as discussed above, will have some uncertainty in the fitted distribution for small
sample sizes.

< The K-S fit statistic focuses on the differences between the middle of the fitted distribution and the
input data. The A-D fit statistic focuses on the difference between the tails of fitted distribution and
input data. Hence, where the input data is concentrated around the middle of a distribution curve the
K-S fit statistic is preferred and where the data is near the tails the A-D fit statistic is preferred. The
results from both were compared in each case. Where the input data was both in the middle and the
tails of a distribution, the result from the A-D fit statistic was favoured, because the best fit of the data
and the distribution curve at the tails improves the calculation of the scheme measures.

< The AIC test, as discussed above, is a valid test and is preferred over the BIC for small sample sizes.

< Given that the A-D test focusses on the goodness of fit in the tails of the distribution, the A-D test is
preferred when the performance data has data in the tails as this is the part of the distribution of most
interest in setting collars. Otherwise the K-S or AIC tests are appropriate.

Where the A-D and K-S tests identify different probability distribution functions of best fit, the shape of the
distribution of the data is examined. Where it is distributed across both the middle and tails of the distribution,
the A-D fit statistic is preferred, where it is distributed across only the middle of the distribution the K-S
statistic is preferred.

Once the probability distribution function of best fit for the preferred fit statistic was verified for each
parameter the standard deviation was examined against the standard deviation of the curve of second best
fit. Because a probability distribution is being fitted to a dataset of five values only for each parameter, the fit
statistics are typically low in value and the curve of best fit is sensitive to small changes in any of the five
values. The standard deviation is a reasonable indicator about the similarity of the curves.

The curve of second best fit is examined to test for any large variations in the calculated values that might
indicate that the curve of best fit should not have be used. Where standard deviation suggest that the curve
of best fit should not have been used a number of other parameters may be examined:

à the 5th and 95th percentile values of the probability distribution functions-  As these values were used to
set the caps and collars, where the 5th and 95th percentile values of the curve of best fit and the curve
of second best fit align, the curve of best fit is likely to be appropriate to use.

à the underlying data - A distribution may be chosen that best reflects the shape and spread of the
underlying data,

à other fit statistics – The results of other fit statistics may indicate the use of another curve.

à longer run data to assist in improving the fit statistic.
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Figure 1.1 shows where the information about the fit statistic and distribution is located on the charts that are
produced by @RISK.

Figure 1.1 @Risk information locations

1.2 Parameter data

Table 1.1 shows the data used to calculate the parameter values.

The 2016 data has been estimated based on the ‘year to date’ values prorated until the end of the year.

Table 1.1 Reliability Data 2012-2016

PARAMETER EST. 2016 2015 2014 2013 2012

LINES OUTAGE RATE – FAULT 13.27% 11.41% 10.23% 18.36% 16.65%

TRANSFORMERS OUTAGE RATE – FAULT 19.76% 13.06% 10.84% 18.14% 16.38%

REACTIVE PLANT OUTAGE RATE – FAULT 11.00% 9.47% 15.65% 9.90% 15.71%

LINES OUTAGE RATE - FORCED OUTAGE 7.58% 22.82% 17.05% 21.34% 8.07%

TRANSFORMERS OUTAGE RATE - FORCED
OUTAGE

18.66% 31.02% 39.02% 23.64% 20.33%

REACTIVE PLANT OUTAGE RATE - FORCED
OUTAGE

26.41% 26.96% 22.36% 24.38% 13.47%

NO. OF EVENTS >0.05 SYSTEM MINUTES 2 4 3 5 3

NO. OF EVENTS >0.25 SYSTEM MINUTES 0 3 0 0 1

AVERAGE OUTAGE DURATION 262.64 63.55 71.14 178.69 94.23

FAILURE OF PROTECTION SYSTEM 23 21 24 11 20

MATERIAL FAILURE OF SUPERVISORY
CONTROL AND DATA ACQUISITION (SCADA)
SYSTEM

5 3 6 3 21

INCORRECT OPERATIONAL ISOLATION OF
PRIMARY OR SECONDARY EQUIPMENT

3 9 6 10 7
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2 RESULTS OF DISTRIBUTION FITTING
This section contains an explanation of the fitting for each parameter, followed by a summary of the
distribution fittings.

2.1 Average circuit outage rate

Average circuit outage rates represent measures of availability for components of transmission circuits. The
optimal performance limit is 0%, which represents total availability for the component for the year; as such a
lower limit of zero is set for fitting curves to the data.

2.1.1 Lines outage rate – fault performance

The data for Lines outage rate is best fitted with a Weibull distribution according to the K-S fit statistic (Figure
2.1) and best fitted with LogLogistic distribution according to the A-D fit statistic (Figure 2.2).

As the data is distributed across both the middle and tails of the distribution, the A-D fit statistic is preferred
(LogLogistic), giving a standard deviation of 0.03642. The standard deviation for the curve of second best fit
for the A-D fit statistic (Pearson 5) is 0.03216, being only slightly lower than for the preferred curve, indicating
that LogLogistic is appropriate.

LogLogistic is also the curve of third best fit for the K-S fit statistic.

Figure 2.1 Lines – fault, comparison using K-S
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Figure 2.2 Lines – fault, comparison using A-D

As shown in Figure 2.3, the 5th and 95th percentile parameters for the preferred curve are 9.1% and 20.4%
respectively.

Figure 2.3 Lines – fault, distribution percentiles
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2.1.2 Transformers outage rate – fault performance

The data for Transformer outage rate is best fitted with a Weibull distribution according to both the K-S fit
statistic (Figure 2.4) and the A-D fit statistic (Figure 2.5).

Figure 2.4 Transformers – fault, comparison using K-S

Figure 2.5 Transformers – fault, comparison using A-D

As shown in Figure 2.6, the 5th and 95th percentile parameters for the preferred curve are 10.1% and 20.5%
respectively.
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Figure 2.6 Transformers – fault, distribution percentiles

2.1.3 Reactive plant outage rate – fault performance

The data for Reactive plant unavailability due to fault is best fitted with a LogLogistic distribution according to
both the K-S fit statistic (Figure 2.7) and the A-D fit statistic (Figure 2.8).

Figure 2.7 Reactive plant – fault, comparison using K-S
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Figure 2.8 Reactive plant – fault, comparison using A-D

As shown in Figure 2.9, the 5th and 95th percentile parameters for the preferred curve are 7.9% and 17.9%
respectively.

Figure 2.9 Reactive plant – fault, distribution percentiles
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2.1.4 Lines outage rate – forced outage performance

The data for lines forced to be unavailable is best fitted with a Uniform distribution according to both the K-S
fit statistic (Figure 2.10) and the A-D fit statistic (Figure 2.11).

Figure 2.10 Lines – forced, comparison using K-S

Figure 2.11 Lines – forced, comparison using A-D

As shown in Figure 2.12, the 5th and 95th percentile parameters for the preferred curve are 1.4% and 27.1%
respectively.
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Figure 2.12 Lines – forced, distribution percentiles

2.1.5 Transformers outage rate – forced outage performance

The data for forced unavailability of transformers is best fitted with a LogLogistic distribution curve according
to both the K-S fit statistic (Figure 2.13) and A-D fit statistic (Figure 2.14).

Figure 2.13 Transformers – forced, comparison using K-S
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Figure 2.14 Transformers – forced, forced, comparison using A-D

As shown in Figure 2.15, the 5th and 95th percentile parameters for the preferred curve are 15.3% and
41.0% respectively.

Figure 2.15 Transformers - forced, distribution percentiles

2.1.6 Reactive plant outage rate – forced outage performance

The best fit distribution curve for Reactive plant forced outage performance data for the K-S fit statistic is the
BetaGeneral distribution (Figure 2.16), while the A-D fit statistic indicates a Weibull distribution (Figure 2.17).

As the data is distributed across both the middle and tails of the distribution, the A-D fit statistic is preferred
(Weibull), giving a standard deviation of 0.041. The standard deviation for the curve of second best fit using
the A-D statistic (Gamma) is 0.054, 34% lower than the preferred curve.

As the comparison of the standard deviation of the curve of best fit and the curve of second best fit using the
preferred fit statistics did not confirm the use of the curve of best fit, the 5th and 95th percentile parameters
were examined. The 5th and 95th percentile parameters are 7% and 12% lower for the curve of second best
fit, respectively. This suggests that the impact on the caps and collars for this parameter will not be
significant if the Weibull distribution is chosen.

The Weibull distribution is also the curve of second best fit using the K-S statistic, confirming the use of the
Weibull distribution.
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Figure 2.16 Reactive plant – forced, comparison using K-S

Figure 2.17 Reactive plant – forced, comparison using A-D

As shown in Figure 2.18, the 5th and 95th percentile parameters for the preferred curve are 15.6% and
29.0% respectively.
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Figure 2.18 Reactive plant – forced, distribution percentiles

2.2 Loss of supply event frequency

Losses of supply events represent discrete occurrences of failure. In order to best fit the loss of supply
events data, discrete distribution curves are used with equal interval binning.

2.2.1 Number of events > 0.05 system minutes

Using the AIC fit statistic, Figure 2.19 shows that the Poisson distribution is the best fit for the loss of supply
events greater than 0.05 system minutes, providing a standard deviation of 1.14. The curve of second best fit
is the IntUniform distribution, giving a standard deviation of 1.18, 2% lower, confirming that the curve of best
fit is appropriate.

Figure 2.19 No. of events > 0.05 system minutes, curve of best fit
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Figure 2.20 No. of events > 0.05 system minutes, fit statistics

As shown in Figure 2.21, the 5th and 95th percentile parameters for the preferred curve are 1 and 7
respectively.

Figure 2.21 No. of events > 0.05 system minutes, distribution percentiles

2.2.2 Number of events > 0.25 system minutes

Using the AIC fit statistic, Figure 2.22 shows that the Geometric distribution is the best fit providing a
standard deviation of 1.14. The Poisson is the second best fit with a standard deviation of 0.89, 25% lower.
The relatively high variation in standard deviations indicates some uncertainty in the curve fitting.

Examining the dataset shows that only three values occurred – 0 occurring in three of the years and 1
occurring in one year and 3 occurring in one year. This is consistent with the shape of the Geometrical
distribution with a large number of zero values tapping off for increasing values. This shape aligns with
expected performance hence confirming that the Geometric is the preferred distribution. In contrast, the
Poisson distribution typically starts at a low value rising to a maximum and then falling. This shape is not
consistent with expected performance.
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Figure 2.22 No. of events > 0.25 system minutes, curve of best fit

Figure 2.23 No. of events > 0.25 system minutes, fit statistics

As shown in Figure 2.24, the 5th and 95th percentile parameters for the preferred curve are 0 and 3
respectively.
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Figure 2.24 No. of events > 0.25 system minutes, distribution percentiles

2.3 Average outage duration

The average outage duration is a measure of the response time to outages. The optimal performance limit is
close to zero, which represents an immediate response; as such a lower limit of zero is set for fitting curves
to the data.

The best fit is the LogLogistic distribution curve using both the K-S fit statistic (Figure 2.25) and the A-D fit
statistic (Figure 2.26).

Figure 2.25 Average outage duration, comparison using K-S
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Figure 2.26 Average outage duration, comparison using A-D

As shown in Figure 2.27, the 5th and 95th percentile parameters for the preferred curve are 40.7 and 299.1
respectively.

Figure 2.27 Average outage duration, distribution percentiles

2.4 Proper operation of equipment – number of failure events

Proper operation of equipment events represent discrete occurrences of failure. In order to best fit the failure
events data, discrete distribution curves are used with equal interval binning.

2.4.1 Failure of protection system

Using the AIC fit statistic, Figure 2.19 shows that the Poisson distribution is the best fit for the failure of
protection systems, providing a standard deviation of 4.450. The curve of second best fit is the IntUniform,
giving a standard deviation of 4.031, 9% lower, confirming that the use of the curve of best fit is appropriate.
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Figure 2.28 Failure of protection system, curve of best fit

Figure 2.29 Failure of protection system, fit statistics

As shown in Figure 2.30, the 5th and 95th percentile parameters for the preferred curve are 13 and 27
respectively.
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Figure 2.30 Failure of protection system, distribution percentiles

2.4.2 Material failure of Supervisory Control and Data Acquisition (SCADA) system

Using the AIC fit statistic, Figure 2.19 shows that the Geometric distribution is the best fit for the material
failure of SCADA systems, providing a standard deviation of 8.08. The curve of second best fit is the
IntUniform distribution, giving a standard deviation of 5.477, 32% higher. The high variation in standard
deviations indicates some uncertainty in the curve fitting.

Examining the dataset shows that four values occurred – 21, 5 and 6 each occurring in one year and 3
occurring in two years. This is consistent with the choice of the Geometric distribution, indicating in-
consistent service performance.

Figure 2.31 Material failure of Supervisory Control and Data Acquisition (SCADA) system, curve of best fit
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Figure 2.32 Material failure of Supervisory Control and Data Acquisition (SCADA) system, fit statistics

As shown in Figure 2.33, the 5th and 95th percentile parameters for the preferred curve are 0 and 24
respectively.

Figure 2.33 Material failure of Supervisory Control and Data Acquisition (SCADA) system, distribution
percentiles

2.4.3 Incorrect operational isolation of primary or secondary equipment

Using the AIC fit statistic, Figure 2.19 shows that the Poisson distribution is the best fit for the incorrect
operational isolation of primary or secondary equipment, providing a standard deviation of 2.65. The curve of
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second best fit is the IntUniform distribution, giving a standard deviation of 2.29, 13% lower. The high
variation in standard deviations indicates some uncertainty in the curve fitting.

Examining the dataset shows that five different values occurred. This is consistent with the choice of the
Poisson distribution, which typically starts at a low value, rising to a maximum and then falling. In contrast,
the IntUniform distribution is typically a constant value, which does not reflect the expected performance.

Figure 2.34 Incorrect operational isolation of primary or secondary equipment, curve of best fit

Figure 2.35 Incorrect operational isolation of primary or secondary equipment, fit statistics

As shown in Figure 2.36, the 5th and 95th percentile parameters for the preferred curve are 4 and 13
respectively.
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Figure 2.36 Incorrect operational isolation of primary or secondary equipment, distribution percentiles
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2.5 Summary of findings

Table 2.1 summarises the probability distribution functions that have been chosen to best fit the parameter
data (Table 1.1). In WSP | Parsons Brinckerhoff’s view this approach is robust and does not seem to be
sensitive to the choice of distribution function, because the results were either close for the next best fit
distributions or confirmed through analysis of the data. The approach is also consistent with the Australian
Energy Regulator’s previous regulatory decisions to use a curve of best fit approach.

Table 2.1 Summary of best fit distributions

PARAMETER BEST FIT
DISTRIBUTION

STANDARD
DEVIATION

5% POE 95% POE

LINES OUTAGE RATE - FAULT  Loglogistic  0.036 9.1% 20.4%

TRANSFORMERS OUTAGE RATE -
FAULT

 Weibull  0.032 10.1% 20.5%

REACTIVE PLANT OUTAGE RATE –
FAULT

 Loglogistic  0.032 7.9% 17.9%

LINES OUTAGE RATE - FORCED
OUTAGE

 Uniform  0.082 1.4% 27.1%

TRANSFORMERS OUTAGE RATE -
FORCED OUTAGE

 Loglogistic  0.085 15.3% 41.0%

REACTIVE PLANT OUTAGE RATE -
FORCED OUTAGE

 Weibull  0.041 15.6% 29.0%

NO. OF EVENTS >0.05 SYSTEM
MINUTES

 Poisson  1.14 1 7

NO. OF EVENTS >0.25 SYSTEM
MINUTES

Geometric  1.20 0 3

AVERAGE OUTAGE DURATION  Loglogistic  112 41 299

FAILURE OF PROTECTION SYSTEM  Poisson  4.5 13 27

MATERIAL FAILURE OF
SUPERVISORY CONTROL AND DATA
ACQUISITION (SCADA) SYSTEM

 Geometric  8.1 0 24

INCORRECT OPERATIONAL
ISOLATION OF PRIMARY OR
SECONDARY EQUIPMENT

 Poisson 2.7 3 12
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3 VALUES FOR PARAMETERS
3.1 STPIS requirements for parameter values

STPIS Clause 3.2 sets out the requirements for parameter values. For each parameter, the TNSP must
propose values for:

à a performance target

à a collar

à a cap

Specific requirements are:

à A performance target may take the form of a deadband (3.2(c)).

à Proposed performance targets must be equal to average performance over the most recent five years
(3.2(g)).

à Proposed performance targets may be subject to reasonable adjustment to allow for statistical outliers,
volume of capital works, changes in the age and ratings of the assets and changes in regulatory
obligations.

à A proposed cap and collar may result in symmetric or asymmetric incentives (3.2(f)).

à Proposed values must be consistent with the objectives for the scheme (3.2(m)).

WSP | Parsons Brinckerhoff’s views on these requirements are summarised in Table 3.1.
Table 3.1 Recommendations on scheme requirements for parameter values

REQUIREMENT DISCUSSIONS RECOMMENDATION

DEADBANDS Deadbands are used to remove the impact of small variations in
performance around the average performance. Because performance
in a 5-year period is most often four “good” years with a single year of
lower performance, deadbands most often have the effect of removing
a net positive value.

Don’t apply

MOST RECENT 5-
YEAR PERIOD

The years 2012-2016 meet the requirement. 2012 to 2016 data is
acceptable.

ADJUSTMENTS Statistical outliers – these must be in the underlying reliability data
rather than one of the 5 years of performance. WSP | Parsons
Brinckerhoff has not undertaken any audit of this data. Removal of
outliers can have a small but material impact on a single year’s
performance, but little effect on the 5-year average. As outliers are
typically related to poor performance, removing them has the impact of
making targets harder to achieve, noting that the same outliers should
they occur in future performance are not removed.

Volume of capital works – applies only where the parameter includes
planned outages. As all of the service component parameters exclude
planned outages, no adjustment applies.

Change in age/ratings – would require a material change, not usually
evident in aggregated reliability performance.

No adjustments

ASYMMETRIC
INCENTIVES

Symmetric incentives are consistent with the objectives for the scheme,
as they usually provide a cost neutral position for natural variation
around the average. Where better performance is more difficult (costly)
to achieve than a decline, the incentive to improve is weakened. This
may be inconsistent with NER clause 6A.7.4(b)(ii), which requires that
the scheme should “provide incentives …to:

Symmetric incentives
should be adopted
unless this results in an
incentive that is
inconsistent with scheme
objectives.
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(i) provide greater reliability of the transmission system … at all times
when Transmission Network Users place greatest value on the
reliability of the transmission system; and

(ii) improve and maintain the reliability of those elements of the
transmission system that are most important to determining spot
prices;”

The counter argument is that improvements should only be made when
economic to do so.

3.2 Caps and collars

The following factors are considered when setting caps and collar values:

à The expected range of performance should be within the cap and collar values, 5th and 95th percentile,
meaning that the probability of performance being outside of the cap/collar is approximately 1 in 20
years.

à Performance should be bounded at zero where the curve of best fit has been bounded at zero.

à The loss of supply event frequency parameters should be rounded to an integer before applying a
standard deviation, in accordance with the AER’s recent determinations.

Table 3.2 compares the caps and collars set at 5th and 95th percentile with the maximum and minimum
performance in the 2012 to 2016 period. It demonstrates that caps and collars are best set at 5th and 95th
percentile.
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Table 3.2 Caps and collars comparisons with 2012 to 2016 data

PARAMETER TARGET COLLAR CAP MAX MIN COMMENT RECOMMENDATION

LINES OUTAGE RATE - FAULT 14.0% 20.4% 9.1% 18.4% 10.2%

TRANSFORMER OUTAGE RATE - FAULT 15.6% 20.5% 10.1% 19.8% 10.8%

REACTIVE PLANT OUTAGE RATE - FAULT 12.4% 17.9% 7.9% 15.7% 9.5%

LINES OUTAGE RATE - FORCED OUTAGE 15.4% 27.1% 1.4% 22.8% 7.6%

TRANSFORMER OUTAGE RATE - FORCED
OUTAGE

26.6% 41.0% 15.3% 39.0% 18.7%

REACTIVE PLANT OUTAGE RATE -
FORCED OUTAGE

22.7% 29.0% 15.6% 27.0% 13.5% The minimum performance in 2012-2016 is 16%
under the collar. The performance during 2012 is
significantly lower than the other 4 years of the
period and is likely to be an anomaly.

Utilise the calculated
caps and collars

LOSS OF SUPPLY EVENT FREQUENCY
(EVENTS > 0.05 SYSTEM MINUTES)

3 7 1 5 2

LOSS OF SUPPLY EVENT FREQUENCY
(EVENTS > 0.25 SYSTEM MINUTES)

1 3 0 3 0

AVERAGE OUTAGE DURATION 134 299 41 263.00 63.55

FAILURE OF PROTECTION SYSTEM 20 27 13 23 11 The minimum performance in 2012-2016 is 18%
under the collar. The performance during 2013 is
significantly lower than the other 4 years of the
period and is likely to be an anomaly.

Utilise the calculated
caps and collars

MATERIAL FAILURE OF SUPERVISORY
CONTROL AND DATA ACQUISITION
(SCADA) SYSTEM

8 24 0 21 3

INCORRECT OPERATIONAL ISOLATION OF
PRIMARY OR SECONDARY EQUIPMENT

7 12 3 10 3
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3.3 Recommended parameter values
The recommended parameter values are shown in Table 3.3. These are based on:

à Targets set at the average of 5-year performance

à Caps and collars set at 5% and 95% POE for all parameters and bounded at zero where appropriate

à Loss of supply targets, caps and collars rounded to nearest integer.

Weightings as set out in STPIS clause 3.4 are also shown in the table.

Table 3.3 Parameter values

PARAMETER COLLAR TARGET CAP WEIGHTING

LINES OUTAGE RATE - FAULT 20.4% 14.0% 9.1% 0.20

TRANSFORMER OUTAGE RATE - FAULT 20.5% 15.6% 10.1% 0.20

REACTIVE PLANT OUTAGE RATE - FAULT 17.9% 12.4% 7.9% 0.10

LINES OUTAGE RATE - FORCED OUTAGE 27.1% 15.4% 1.4% 0.00

TRANSFORMER OUTAGE RATE - FORCED
OUTAGE

41.0% 26.6% 15.3% 0.00

REACTIVE PLANT OUTAGE RATE - FORCED
OUTAGE

29.0% 22.7% 15.6% 0.00

LOSS OF SUPPLY EVENT FREQUENCY
(EVENTS > 0.05 SYSTEM MINUTES)

7 3 1 0.15

LOSS OF SUPPLY EVENT FREQUENCY
(EVENTS > 0.25 SYSTEM MINUTES)

3 1 0 0.15

AVERAGE OUTAGE DURATION 299 134 41 0.20

FAILURE OF PROTECTION SYSTEM 27 20 13 0

MATERIAL FAILURE OF SUPERVISORY
CONTROL AND DATA ACQUISITION (SCADA)
SYSTEM

24 8 0 0

INCORRECT OPERATIONAL ISOLATION OF
PRIMARY OR SECONDARY EQUIPMENT

12 7 3 0


