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SP AusNet Fitting probability distributions for SP AusNet reliability data for STPIS Submission
iin Introduction

Parsons Brinckerhoff has been engaged by SP AusNet to assist with the determination of suitable targets
and other attributes for the parameters of its service target performance incentive scheme (STIPS).

The service component of SP AusNet's STIPS will measure performance against the following parameters:

= Average outage duration (1 sub-parameter)
s Loss of supply event frequency (2 sub-parameters)

= Average circuit outage rates (6 sub-parameters).

Parsons Brinckerhoff determined a curve of best fit to SP AusNet's reliability data from the past five years
2008-2012 for each of the sub-parameters and calculated the standard deviation on which proposed caps
and collars for this scheme are based.

B Approach

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.

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

= Loss of supply event frequency are fitted with discrete probability distributions

= Availability rates are fitted with 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 Chi Squared (ChiSq) fit statistic was used. For non-discrete
distributions, the Kolmogorov-Smirnov (K-S) and the Anderson-Darling (A-D) fit statistics were used.

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. Where the
input data was concentrated around the middle of a distribution curve the K-S fit statistic was used and
where the data was near the tails the A-D fit statistic was used. 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 (caps and collars at one or two standard deviations).

Once the probability distribution function of best fit was determined for each sub-parameter the standard
deviation of the probability distribution functions were calculated.

Because a probability distribution is being fitted to a dataset of five values only for each sub-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 curve of second best fit was examined to test for any large variations in the calculated standard
deviation that might indicate that the curve of best fit should not be used.

Parsons Brinckerhoff | 2193220A- Rev2 1



SP AusNet Fitting probability distributions for SP AusNet reliability data for STPIS Submission
2. Results of distribution fitting

24 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 using the A-D fit statistic is the Exponential distribution curve (figure 1), where the duration data
is spread across the middle and tails of the distribution. Table 1 shows the statistical results using other
distributions to fit the duration data using the A-D fit statistic, where it can be seen the Erlang distribution
curve exhibits the second best fit.

Figure 1 Average outage duration - continuous distribution fit comparison using A-D
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The best fit using the K-S fit statistic is the Triangle distribution curve (figure 2). Table 2 illustrates other
distribution curves fitting the outage duration data using the K-S statistics, the LoglLogistic distribution curve
exhibits the second best fit for the outage duration data.

Figure 2 Average outage duration — continuous distribution fit comparison using K-S
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As the data concentrates about both the middle and tails of the distribution, the A-D fit has been selected
and the curve of best fit determined as Exponential. The curve of second best fit is the Erlang curve. The
standard deviations of the two curves are the same (97.96).

In comparison, the standard deviation of the best K-S fit curve (Triangle) is significantly less at 68.01. The
upper limit of the Triangle curve, however, is bounded at 290.5, which is counter intuitive to the possible
performance outcomes. Hence the adoption of this curve to represent the data is inappropriate.
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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.

Number of events > 0.05 system minutes

Figure 3 shows the NegBin discrete distribution curve is the best fit for the loss of supply events greater than
0.05 systems. Table 3 is provided to show the variation in statistics for other discrete distribution curves.

Noting that the Chi Squared fit statistics are similar for the top three curves of best fit, and that the standard
deviations vary widely, the curve of second best fit (Geometric) and the curve of third best fit (Poisson) were
also examined. The standard deviations are 2.45, 2.00 and 1.41 respectively. The relatively high variation in
standard deviations indicates some uncertainty in the curve fitting.

The average of the three values (2.45, 2.00, 1.41)is 1.95, close to the standard deviation for the curve of
best fit. This indicates that the standard deviation of 2.000 for the curve of best fit (NegBin) is an appropriate
value to use in setting caps and collars.

Figure 3 No. of events > 0.05 system minutes — best discrete distribution fit - NegBin
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Table 3 No. of events > 0.05 system minutes — discrete distributions statistics table
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Number of events > 0.30 system minutes

The discrete distribution of best fit for the loss of supply events greater than 0.30 system minutes is the
IntUniform curve, giving a standard deviation of 0.816. Table 4 is provided to show the statistics for other

discrete distribution curves.

The curve of second best fit (Bionomial) has a significantly worse fit statistic — 7.2 compared to 1.6 for the
curve of best fit — hence it has not been considered.

Figure 4 No. of event > 0.30 system minutes — best discrete distribution fit — IntUniform
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Table 4 No. of events > 0.30 system minutes — discrete distributions statistics table
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2.3  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 non-continuous curves to the data.

The availability rate measures are presented based on the components and nature of availability in the
following categories.

Lines outage rate — fault performance

The K-S fit statistic has the Weibull distribution curve delivering the best fit (figure 5), while using the A-D fit
statistic, the LoglLogistic curve is best fitting (figure 6). As most of the data congregate near the two ta1ls the
A-D fit statistic is preferred (LogLogistic), giving a standard deviation of 0.090.

Tables 5 and 6 present the variation in statistical fit by other distribution curves for K-S and A-D respectively.
The standard deviations for the curve of second best fit (Pearson5) and the Weibull are 0.080 and 0.072,

being slightly lower than for the preferred curve.

Figure 5 Lines - fault non-continuous distribution comparison using K-S
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Table 5 Lines — fault non-continuous distribution statistics table for K-S

i, @RISK - Fit Results B = '
i_- PRk Input,  Webul Loglogistc Trieng|  Gamma InvGauss  Lognorm 4 l
i Fit K's"_ Function -R.Ekl-'fé'nﬁd:.-k_isﬂé-gl-.a_.‘ -Ri-si"rruﬁa_..:ﬁismén{m“ ;ﬁisldmﬁa‘.ﬂ-ks?l'a'.'uﬁmh - }
1 = | = Distribution Statistics 1}
[Leglogatic 02182 wopm  gaes1 00000 00000 00000 0.0000 00000 00000 | |
{i Tl 02226 1 imum 0353 Hnfoity  Hnfty 03593 4ifnty ety +nfnty | |
f Gomms 02239 | ey 02590  0.2599 02622  0.2389 0250 0250 02892 ||
f| InvGaurs 02253 | yoge | oa7sfest] 02571 0.2335  0.3%83 0,235 02285 02294 |
JiLognann 0:2255 | Macian 02437 02617 02488 02534 02522  0.297 0,298

flloenawz 0.2255 544 Deviation 00809 0072 00902 00845 0.0729  0.0750  0.0754

|| Pearsons 0223 | gepness 02398 0.0957 20116 05657 05629 0884 08077

fi eseg D223 | rtogs 07325 27522  17.9225 24000 34752 42569 44663 | |
| Erlang 0.2267 - Parcenties -~ |
{| Ravieigh 033 sw 0 omsl 047 04475 00801 0459 0561 0Is ||

0.1681 0.1642 0.1685 0.1133 0.1711 0.1727 0.1727
0.1681 0.1828 0.1829 0.1388 0.1850 0.1851 0.1852
0.1631 0.1977 0.1946 0.1603 0.1985 0.1956 0.1957
0.2000 0.2106 0.2048 0,1792 0.2069 0.2051 0.2053
2,2000 0.2221 0,2141 0.1%63 0.2164 0.2140 0.2143
0,2000 0.2327 0.2229 0.2120 0,2256 0.2227 0.2229
0.2000 0.2427 0.23186 0.2266 0.2345 0.2313 0.2315
0.2437 0.2523 0.2401 0.2404 0.2433 0.2399 0.2401
0.2437 0.2617 0.2488 0.2534 0.2522 0.2487 0.2488
0.2437 0.2711 0.2578 0.2657 0.2613 0.2578 0.2579
0.3250 0.2804 0.2674 0.2776 0.2708 0.2674 0.2675
0.3250 0.2300 0.2777 0.2889 0.2809 0.2777 0.2777
0.3250 0.3000 0.2892 0.2998 0,2917 0.2890 0.28%0
0.3250 0.3107 0.3024 0.3103 0.3038 0.3017 0.3016
0,3250 0.3224 0.3183 0.3205 0.3175 0.3164 0.3163 i
0.3583 0.3358 0.3386 0.3304 0.3341 0.3345 0.3344
0.3583 0.3522 0.3675 0.3399 0,3557 0,3585 0.3586

| 0.3583 0.3759 0.4197 0,3493 0.3894 0.3373 03977 «
[, | o

ﬁgiﬁgim \wirite Ta Cel ] Close ]

i

£ @RISK- Fit Results =
i
] SV Eltheone ﬂ Fit Comparison for Availability rate - lines fault
i Fit i ADI RiskLogLogistic(D,0.2488456354) .
1 0.168 0.358
| Pearson5 0.2597 5.0% 8
| pearsons 0.2609 5.9%
I 1nvGauss n.2624 2
[, Lognorm 0.2637
! Lognorm2 0.2637
i'Gamma o2m2 101 i
 Erlang 0.2815 .
! webul 0.2873 !w_' g
[ e TR
Uniform 0.6972 Mawn 0.255
i. Expon 1,2235 f:uﬁ' a':ﬂ:
Pareto2 12235 6 I
chisq 1.6672 — logloge |
+Infinity e i
Ma 4 Muimm 4
A Magn 0.282
Sdba 00802
2
i 0 v r = - T ey
!. - Q - ol L) - 0 a
g Q o =] (-] o o (=1 (=]
| i
| Q‘fﬂji;‘gj gﬁe't{gi;ﬂi Vrite To Cell i Close ”
A R e s e e )

Parsons Brinckerhoff | 2193220A- Rev2 8



SP AusNet Fitting probability distributions for SP AusNet reliability data for STPIS Submission

Table 6 Lines — fault non-continuous distribution statistics table for A-D
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Lines outage rate — forced outage performance

The data for lines forced to be unavailable is spread across the middle and the tails of the distribution curve.
The best fit distribution for the lines forced outage performance for both the K-S and A-D fit statistics is the
Pearson5 distribution curve (figure 7 and 8) giving a standard deviation of 0.017.

Tables 7 and 8 illustrate the other distribution fit statistics for the lines forced outage performance. The
standard deviation for the curve of second best fit (InvGauss) is the same as for the curve of best fit.

Figure 7 Lines - forced non-continuous distribution comparison using K-S
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SP AusNet Fitting probability distributions for SP AusNet reliability data for STPIS Submission

Table 7 Lines — forced non-continuous distribution statistics table for K-S
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Figure 8 Lines - forced non-continuous distribution comparison using A-D
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SP AusNet Fitting probability distributions for SP AusNet reliability data for STPIS Submission

Table 8 Lines — forced non-continuous distribution statistics table for A-D
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Reactive plant outage rate — fault performance

Using the K-S fit statistic, the best fit distribution for reactive plant unavailability due to fault is the InvGauss
(figure 9), while the A-D fit statistic has the Loglogistic curve as the best fit (figure 10). As the data is spread
evenly across the middle and the tails of the distribution curve the A-D fit is preferred (LogLogistic), giving a
standard deviation of 0.064.

Tables 9 and 10 are provided to show the variation in fit statistics of other distribution curves. The standard
deviation for the curve of second best fit (InvGauss) at 0.058 is not materially different.

Figure 9 Reactive plant — fault non-continuous distribution comparison using K-8
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SP AusNet Fitting probability distributions for SP AusNet reliability data for STPIS Submission

Table 9 Reactive plant — fault non-continuous distribution statistics table for K-S
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Figure 10 Reactive plant - fault non-continuous distribution comparison using A-D
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SP AusNet Fitting probability distributicns for SP AusNet reliability data for STPIS Submission

Table 10 Reactive plant — fault non-continuous distribution statistics table for A-D
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Reactive plant outage rate — forced o

Reactive plant forced unavailability data has

utage performance

a high representation in the middle and right tail of the

distribution. The best fit distribution curve for both the K-S and A-D fit statistics is the Rayleigh distribution
curve (figures 11 and 12), giving a standard deviation of 0.076.

Tables 11 and 12 are provided to show the variation in fit statistics of other distribution curves. The standard
deviation for the curve of second best fit (Erlang) at 0.074 is not materially different.

Figure 11 Reactive plant — forced non-continuous distribution comparison using K-S
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SP AusNet Fitting probability distributions for SP AusNet reliability data for STPIS Submission

Table 11 Reactive plant — forced non-continuous distribution statistics table for K-S
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Figure 12 Reactive plant — forced non-continuous distribution comparison using A-D
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SP AusNet Fitting probability distributions for SP AusNet reliability data for STPIS Submission

Table 12 Reactive plant — forced non-continuous distribution statistics table for A-D
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Transformers outage rate — fault performance

The best fitting curve for Transformers unavailability caused by fault using the K-S fit statistic is the Pearson5
distribution (figure 13) curve while the A-D fit statistic has the LogLogistic distribution curve as the best fit
(figure 14). As the data for Transformers unavailability caused by fault data is concentrated in the middie of
the distribution, the K-S fit statistic (Pearson5) is preferred giving a standard deviation of 0.085.

Tables 13 and 14 show the difference in how the K-S and A-D fit statistics rated the distribution curves
according their goodness of fit to the data range. The standard deviation for the curve of second best fit
(Triang) is lower at 0.069, and for LogLogistic is similar at 0.089.

Figure 13 Transformers — fault non-continuous distribution comparison using K-S
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SP AusNet Fitting probability distributions for SP AusNet reliability data for STPIS Submission

Table 13 Transformers — fault non-continuous distribution statistics table for K-S
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SP AusNet Fitting probability distributions for SP AusNet reliability data for STPIS Submission

Table 14 Transformers — fault non-continuous distribution statistics table for A-D
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Transformers outage rate — forced outage performance .

The data for forced unavailability of transformers is best fitted with a BetaGeneral distribution curve (figure
15) according to the K-S fit statistic. The A-D fit statistic has the Weibull distribution curve as the best fit
(figure 16). 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 0.034.

Tables 15 and 16 presents the variation in the distribution curve statistics between K-S and A-D fit statistics.
The standard deviation for the curve of second best fit (Gama) is higher at 0.045 and for BetaGeneral is
similar at 0.038.

Figure 15 Transformers — forced non-continuous distribution comparison using K-S
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SP AusNet Fitting probability distributions

Table 15 Transformers —

for SP AusNet reliability data for STPIS Submission

forced non-continuous distribution statistics table for K-S
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Figure 16 Transformers —

forced non-continuous distribution comparison using A-D
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SP AusNet Fitting probability distributions for SP AusNet reliability data for STPIS Submission

Table 16 Transformers — forced non-continuous distribution statistics table for A-D
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SP AusNet Fitting probability distributions for SP AusNet reliability data for STPIS Submission

3. Summary of findings

Table 17 summarises the probability distribution functions that have been chosen to best fit the parameter
data (table 18). In 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 close for the next best fit distributions. The
approach is also consistent with the Australian Energy Regulator's previous regulatory decisions to use a
curve of best fit approach.

Table 17

Summary of best fit distributions

Parameter Best fit distribution Standard Deviation
Average outage duration Exponential 97.96
No. of events >0.05 system minutes NegBin 2.000
No. of events >0.30 system minutes IntUniform 0.816
Lines outage rate - fault LogLogistic 0.090
Lines outage rate - forced outage Pearson5 0.017
Reactive plant outage rate - fault LogLogistic 0.064
Reactive plant outage rate - forced outage Rayleigh 0.076
Transformers outage rate - fault Pearsonb 0.085
Transformers outage rate - forced outage Weibull 0.034

Table 18 Reliability Data 2008-2012
Parameter 2008 2009 2010 2011 2012
Average outage duration 71.5 91.8° 925 | 40 230.0
No. of events >0.05 system minutes 1 6 1 0 2
No. of events >0.30 system minutes 1 2 0 0 1
Lines outage rate - fault 20.0% 35.8% 16.8% 24.4% 32.5%
Lines outage rate - forced outage 16.7% 12.5% 14.3% 16.8% 14.2% |
Reactive plant outage rate - fault 28.6% 35.1% 24.7% 32.5% 41.6%
Reactive plant outage rate - forced outage 6.5% 9.1% 13.0% 24.7% 20.8%
Transformers outage rate - fault 13.2% 27.6% 1.7% 12.6% 19.3%
Transformers outage rate - forced outage 10.5% 15.5% | 14.5% 5.0% 14.3%
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