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Disclaimer 
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matter this document purports to address. The information contained in this document is subject to review and 
AusNet Services may amend this document at any time. Amendments will be indicated in the Amendment 
Table, but AusNet Services does not undertake to keep this document up to date. 

To the maximum extent permitted by law, AusNet Services makes no representation or warranty (express or 
implied) as to the accuracy, reliability, or completeness of the information contained in this document, or its 
suitability for any intended purpose.  AusNet Services (which, for the purposes of this disclaimer, includes all of 
its related bodies corporate, its officers, employees, contractors, agents and consultants, and those of its related 
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1 Service Component Parameters 

This Appendix sets out the information used to calculate AusNet Services’ proposed Service Component caps 
and collars, as presented in section 7.3.2 of the Revenue Proposal.  This information was obtained using the 
@RISK product, a risk analysis and simulation add-in tool for Microsoft Excel. 

For each parameter, proposed caps and collars have been set equal to the 5
th
 and 95

th
 percentiles, respectively, 

of the probability distribution that provides the best fit to the relevant historical data.  This approach aligns with 
that adopted by the AER in AusNet Services’ current determination and in recent determinations for TransGrid 
and TasNetworks.   

For two sub-parameters (loss of supply event frequency (>0.30 system minutes) and incorrect operational 
isolation of primary or secondary equipment), the IntUniform distribution was found to be the best fit.  However, 
to align with the AER’s approach for the current determination , the Poisson distribution has instead been used 
to set caps and collars for these sub-parameters. 

The following table summarises the probability distributions and percentiles underpinning the proposed caps 
and collars. 

Table 1.1: Summary of probability distributions and percentiles 
 

Parameter Preferred Distribution 5th percentile 95th percentile 

Line outage rate (fault) Erlang 0.1592 0.3571 

Line outage rate (forced) Lognorm 0.1232 0.1730 

Reactive plant outage rate (fault) LogLogistic 0.2173 0.5570 

Reactive plant outage rate (forced) Erlang 0.1336 0.4414 

Transformer outage rate (fault) Rayleigh 0.0469 0.3585 

Transformer outage rate (forced) Weibull 0.0620 0.1537 

Number of events >0.05 system 
minutes 

Hypergeometric 0.0000 5.0000 

Number of events >0.30 system 
minutes 

Poisson 0.0000 2.0000 

Average outage duration Weibull 1.7200 253.8200 

Failure of protection equipment Poisson 20.0000 38.0000 

Material failure of SCADA system Geometric 0.0000 6.0000 

Incorrect operational isolation of 
primary or secondary equipment 

Poisson 2.0000 10.0000 

 

The remainder of this document sets out the rationale for selecting each distribution and the underlying 
percentile data as calculated by @RISK. 

1.1 Service parameter 1 – average circuit outage rate 

1.1.1 Lines outage rate – fault (continuous) 

Findings: 

 A-D fit statistic: Erlang distribution best fit, standard deviation 0.0606 

 K-S fit statistic: Weibull distribution best fit, standard deviation 0.0583 

 A-D preferred (Erlang) due to data falling in both middle and tails of distribution 
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Figure 1.1: Lines outage rate (fault) – distribution fit using A-D
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Figure 1.2: Lines outage rate (fault) – statistics table using A-D 
 

 
 
Figure 1.3: Lines outage rate (fault) – distribution fit using K-S 
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Figure 1.4: Lines outage rate (fault) – statistics table using K-S 
 

 
 

1.1.2 Lines outage rate – forced (continuous) 

Findings: 

 A-D fit statistic: Gamma distribution best fit, standard deviation 0.01507 

o Erlang very close. Slightly worse fit, slightly better std dev (0.01505) 

 K-S fit statistic: Lognorm distribution best fit, standard deviation 0.01518 

 K-S preferred (Lognorm) due to data concentrated in middle of distribution 
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Figure 2.1: Lines outage rate (forced) – distribution fit using A-D 
 

 
 

Figure 2.2: Lines outage rate (forced) – statistics table using A-D 
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Figure 2.3 Lines outage rate (forced) – distribution fit using K-S 
 

 
 
Figure 2.4: Lines outage rate (forced) – statistics table using K-S 
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1. Reactive plant outage – fault (continuous) 

 
Findings: 

 A-D fit statistic: LogLogistic distribution best fit, standard deviation 0.1110 

 K-S fit statistic: LogLogistic distribution best fit, standard deviation 0.11099 

 A-D preferred (LogLogistic) due to data concentrated near tails of distribution 

 
Figure 3.1: Reactive plant outage (fault) – distribution fit using A-D 
 

 
 
  



Fitting probability distributions to Service Component data 

 

ISSUE 3 28/10/2015 11 / 41 

UNCONTROLLED WHEN PRINTED 

Figure 3.2: Reactive plant outage (fault) – statistics table using A-D 
 

 
 
Figure 3.3: Reactive plant outage (fault) – distribution fit using K-S 
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Figure 3.4: Reactive plant outage (fault) – statistics table using K-S 
 

 
 

2. Reactive plant outage – forced (continuous) 

 
Findings: 

 A-D fit statistic: LogLogistic distribution best fit, standard deviation 0.12073 

o Erlang distribution very close. Slightly worse fit, better std dev (0.09495) 

 K-S fit statistic: LogLogistic distribution best fit, standard deviation 0.12073 

 A-D preferred due to data concentrated near tails of distribution, however prefer the 
second best fit (Erlang) which has a superior standard deviation 
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Figure 4.1: Reactive plant outage (forced) – distribution fit using A-D (two best fits) 
 

 
 
Figure 4.2: Reactive plant outage (forced) – statistics table using A-D 
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Figure 4.3: Reactive plant outage (forced) – distribution fit using K-S 
 

 
 
Figure 4.4: Reactive plant outage (forced) – statistics table using K-S 
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3. Transformers outage – fault (continuous) 

 

Findings: 

 A-D fit statistic: Rayleigh distribution best fit, standard deviation 0.0959 

 K-S fit statistic: Uniform distribution best fit, standard deviation 0.11277 

 A-D preferred (Rayleigh) due to data concentrated near tails of distribution 

 

Figure 5.1: Transformers outage (fault) – distribution fit using A-D 
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Figure 5.2: Transformers outage (fault) – statistics table using A-D 
 

 
 
Figure 5.3: Transformers outage (fault) – distribution fit using K-S 
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Figure 5.4: Transformers outage (fault) – statistics table using K-S 
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4. Transformers outage – forced (continuous) 

 

Findings: 

 A-D fit statistic: Weibull distribution best fit, standard deviation 0.02779 

 K-S fit statistic: Weibull distribution best fit, standard deviation 0.02779 

 A-D preferred (Weibull) due to data concentrated near tails of distribution 

 
Figure 6.1: Transformers outage (forced) – distribution fit using A-D 
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Figure 6.2: Transformers outage (forced) – statistics table using A-D 
 

 
 
Figure 6.3: Transformers outage (forced) – distribution fit using K-S 
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Figure 6.4: Transformers outage (forced) – statistics table using K-S 
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1.2 Service parameter 2 – loss of supply event frequency 

5. Number of events >0.05 system minutes (discrete) 

 

Findings: 

 Chi Squared fit statistic: Geometric distribution best fit, standard deviation 2.2450. 

 Large variance in standard deviations of better fitting distributions  

 Best fit distribution (Geometric) preferred, noting variability in std dev. 

 

Figure 7.1: Number of events >0.05 system minutes – geometric distribution 
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Figure 7.2: Number of events >0.05 system minutes – statistics table 
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6. Number of events >0.30 system minutes (discrete) 

 

Findings: 

 Chi Squared fit statistic: input data does not lend itself easily to statistical analysis, as it is 
comprised of either zero or one events, suggesting a binomial or hypergeometric distribution. 
However, more than one event is possible (in 2009 there were two events). 

 Since the 9 out of the last 10 years have resulted in either zero or one events, 
recommend using the IntUniform distribution with a mean of 0.5 and standard 
deviation of 0.5, noting the difficulty in fitting a curve to this data. 

 
Figure 8.1: Number of events >0.30 system minutes – IntUniform distribution 
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Figure 8.2: Number of events >0.30 system minutes – statistics table 
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1.3 Service parameter 3 – average outage duration 

7. Average outage duration (continuous) 

 

Findings: 

 A-D fit statistic: LogLogistic distribution best fit, however this returns an undefined standard 
deviation 

o The Lognorm distribution is also a close fit to the data and is very close to the 
LogLogistic distribution (0.2278 v. 0.2190) and returns a standard deviation of 
211.4355. 

o The Weibull distribution is also a close fit and compares well to LogLogistic (0.2435 
v. 0.2190). The Weibull distribution has the advantage of a far superior standard 
deviation of 91.3057. 

 K-S fit statistic: Lognorm distribution best fit, standard deviation 211.4355. 

 A-D preferred due to data falling near tails of distribution. There is some question as to 
which distribution is the most appropriate to use (Lognorm or Weibull), however on 
balance, Weibull is preferred due to its standard deviation. 

 
Figure 9.1: Average outage duration– distribution fit using A-D (LogLogistic) 
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Figure 9.2: Average outage duration– distribution fit using A-D (Lognorm) 
 

 
 
Figure 9.2: Average outage duration– distribution fit using A-D (Weibull) 
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Figure 9.4: Average outage duration – statistics table using A-D 
 

 
 
Figure 9.5: Average outage duration – distribution fit using K-S 
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Figure 6.4: Transformers outage (forced) – statistics table using K-S 
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1.4 Service parameter 4 – Proper operation of equipment 

8. Failure of protection system (discrete) 

 

Findings: 

 Chi Squared fit statistic: Hypergeometric distribution best fit, standard deviation 4.9336 

 Poisson distribution next best fit 

 Best fit distribution (Hypergeometric) preferred. 

 
Figure 10.1: Failure of protection system – hypergeometric distribution 
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Figure 10.2 Failure of protection system– statistics table 
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9. Material failure of SCADA system (discrete) 

 

Findings: 

 Chi Squared fit statistic: Tie between geometric and NegBin distributions for both best fit 
(0.2269) and standard deviation 2.245 

 Identical results on all other parameters and statistics 

 No preference between Geometric and NegBin distributions. 

 
Figure 11.1: Material failure of SCADA system –geometric distribution 
 

- 
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Figure 11.2: Material failure of SCADA system– NegBin distribution 
 

 
 
Figure 11.3: Material failure of SCADA system– statistics table 
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10. Incorrect operational isolation of primary or secondary equipment (discrete) 

 

Findings: 

 Chi Squared fit statistic: IntUniform distribution best fit, standard deviation 1.4142 

 This is due to the nature of the data (five years with results of 4,5,6,7,8) 

 Binominal and hypergeometric are the next best fits, with the same standard deviation to 
IntUniform 

 Best fit distribution (IntUniform) preferred 

 

Figure 12.1: Incorrect operational isolation of equipment –geometric distribution 
 

 
 

  



Fitting probability distributions to Service Component data 

 

ISSUE 3 28/10/2015 34 / 41 

UNCONTROLLED WHEN PRINTED 

Figure 12.1: Incorrect operational isolation of equipment –statistics table 
 

 

2 Addendum 14 September 2015 

Since the initial version of this report, a number of changes or requests for additional information have been 
received.  These are addressed below. 

2.1 Correction of Typographical Errors 

2.1.1 Error in standard deviation for parameter ‘Number of events >0.05 system minutes’ 

The first version of this report contained two typographical errors relating to the standard deviation of the 
‘number of events >0.05 system minutes’ parameter in which the text in the report did not reflect the outcome of 
the analysis.  The standard deviation in the first report should have been noted as 2.2450 instead of 0.0606.  
The correct standard deviation has been updated in this document (sections 7 and 13), however an error in the 
input data as originally provided has rendered this analysis redundant.  See the discussion under ‘Correction of 
input data’, below, for an updated analysis of this parameter. 

2.2 Additional Data Required 

2.2.1 Additional parameters for ‘Reactive plant outage rate (forced)’ 

Subsequent to the first report, the 5
th
 and 95

th
 percentiles of each performance parameter were added to the 

data required, instead of just the standard deviation.  The screenshots for each parameter contained the 5
th
 and 
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95
th
 percentiles, except the ‘reactive plant outage rate (forced)’ parameter.  The 5

th
 and 95

th
 percentiles for this 

parameter are included in Figure A.1: 

 

Figure 2.1: Reactive plant outage (forced) – statistics table using A-D 
 

 

2.3 Correction of input data 

2.3.1 Error in input data for ‘Number of events >0.05 system minutes’ 

The input data received for this parameter contained an error in the final year of data.  A corrected data set was 
provided, in which the final year value was 3, rather than 1.  The distribution fitting exercise was performed on 
the new data, which suggested the HyperGeo distribution was the best fit, with a standard deviation of 1.4576. 
The detailed results are included below. 
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Figure 2.2: Number of events >0.05 system minutes – HyperGeo distribution 
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Figure 2.3: Number of events >0.05 system minutes – statistics table 
 

 

2.4 Updated recommendations  

2.4.1 Use of Poisson distribution instead of IntUniform 

In the last TRR, the AER rejected the proposal to use the IntUniform distribution for the ‘number of events >0.3 
system minutes’ indicator and instead preferred to use the Poisson distribution.  The IntUniform distribution is 
again the distribution that best fit the performance data in the original version of this report.  

In order to be consistent with the last determination, it is now recommended that the Poisson distribution is 
adopted for both this parameter, and also the ‘Incorrect operational isolation of primary or secondary equipment’ 
parameter, which also led to the IntUniform parameter being recommended in the initial report.  The distribution 
fit analysis using the Poisson distribution for both of these parameters is included below. 
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Figure 2.4 Number of events >0.30 system minutes – Poisson distribution 
 

 

 

Figure 2.5 Number of events >0.30 system minutes – statistics table 
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Figure 2.6: Incorrect operational isolation – Poisson distribution 
 

 

 

Figure 2.7: Incorrect operational isolation of equipment –statistics table 
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3 Addendum 28 October 2015 

A second addendum was required to reflect the revision of some previously incorrectly stated data. 

3.1 Correction of input data 

3.1.1 Revised input data for parameter ‘Failure of protection system’ 

The audit of AusNet Services’ performance data resulted in changes to the input data for the ‘Failure of 
protection system parameter’ to reflect the AER’s stated intent in the STPIS Version 5 final decision to include 
both protection and control systems in the scope of this sub-parameter. 

Using the revised data, the recommended distribution has changed from the Hypergeometric distribution 
(standard deviation 4.9336) to the Poisson distribution (standard deviation 5.3666). The detailed results from 
this exercise are presented below. 

Figure 3.1: Failure of protection system – Poisson distribution 
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Figure 3.2: Failure of protection system – statistics table 

 

 

 

 

 

 


