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Fitting probability distributions to Service Component data

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 8.3 of the Revised 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" and 95" 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 the Draft Decision and in recent determinations for TransGrid and TasNetworks.
The distributions and caps and collars have been revised since the AusNet Services’ Revenue Proposal to take
account of 2015 actual data, which was unavailable at the time. Consistent with the requirements of the STPIS,
the caps and collars set out in this document are based on the five most recent years of performance data
(2011-15).

In the Draft Decision, the AER disagreed with AusNet Services’ preference to adopt distributions based on the
Anderson-Daring (A-D) fit statistics test where the data was more skewed to the tails of the preferred
distribution. Instead, the AER relied solely on the Kolmogorov-Smirnov (K-S) method of fitting probability
distributions. For this Revised Revenue Proposal, AusNet Services has followed the AER’s preferred method of
using only the K-S method to determine the most appropriate distribution.

For the loss of supply event frequency parameters (>0.05 and >0.30 system minutes) performance data is not
conducive to statistical analysis. This is due to the small number of events usually, but not always, recorded in
any one year of a five year data series. To align with the Draft Decision and to ensure consistency between the
two indicators, the Poisson distribution has been used to set caps and collars for these sub-parameters.

Similarly, caps and collars for the proper operation of equipment sub-parameters have been derived using the
Poisson distribution. This is again due to the nature of the performance data not lending itself well to fitting
probability distributions. As these are all indicators with discrete values, AusNet Services has adopted the
Poisson distribution which has been used for the other discrete distributions in the Service Component (the loss
of supply event frequency distributions).

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) Weibull 0.1597 0.3381
Line outage rate (forced) Weibull 0.1233 0.1705
Reactive plant outage rate (fault) Pearson5 0.1840 0.6117
Reactive plant outage rate (forced) Weibull 0.1989 0.4068
Transformer outage rate (fault) Weibull 0.0916 0.3177
Transformer outage rate (forced) Weibull 0.0610 0.1440
r’;‘]‘l’r:z'f:g of events >0.05 system Poisson 0.0000 5.0000
r’;‘]‘l’r:z'f:g of events >0.30 system Poisson 0.0000 2.0000
Average outage duration Lognormal 3.3786 334.2004
Failure of protection equipment Poisson 23.0000 42.0000
Material failure of SCADA system Poisson 0.0000 4.0000
Incorrect operational isolation of Poisson 5 0000 10.0000

primary or secondary equipment

The remainder of this document sets out the underlying data which supports AusNet Services’ proposed
distributions, caps and collars.
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Fitting probability distributions to Service Component data

1.1  Service parameter 1 — Average circuit outage rate

1.1.1 Lines outage rate — fault (continuous)

The @RISK software found that the Weibull distribution is the most appropriate fit.

Figure 1.1: Lines outage rate (fault) — distribution fit using K-S

& @RISK - Fit Results [ & )

Fit Ranking ~|
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Fitting probability distributions to Service Component data

Figure 1.2: Lines outage rate (fault) — statistics table using K-S

A @RISK - Fit Results

ek i

Fit Ranking -l & Input Weibul| LogLogistic Gamma|  InvGauss Erlang Lognorm| Lognorm2|  PearsonS BetaGeneral Triang -
G KS!| [Function bu.. =RiskLoglo.. =Risk . =RiskLogno... =RiskLogno.. =RiskPears.. =RiskBetaG.. =RiskTriang.. =Rit
<  Distrbution Statstics
Loghogistic 0228 | fugeienum 0.1901 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Gamma 0.2361 | inyasimum 0.3250  +infinty  +Infinity  +Infinity  +infinity  +Infinity  +Infinity  +infinity  +nfinity 0.3250 0.3250
InvGauss 02368 | jyopn 0.2542  0.2548  0.2553  0.2542  0.2542  0.2542  0.2543  0.2543  0.254 02638  0.2167
Erlang 0.2369 | lyode 0.2069fest]  0.2660  0.2395  0.2431 02377  0.2432 02379 0237 02331 03250  0.3250
Lognorm 02371 | lyegian 0.2437 02581  0.2480  0.2505  0.2487  0.2506  0.2487  0.2487  0.2469  0.2925  0.2298
Loonomiz 02371 | let4. Deviation 0.0595 00542 00634 00532 0053 0053 00541 00541  0.05% 0073 0076
faareons 0237 | lreuness 0.1568  0.3091 13142  0.4187 06363 04170 06479 0647 09173  -13521  -0.5657
BetaGeneral 03101 | |y yyoq 13524 29455  9.0549  3.2630  3.6748  3.2609  3.9555 37555 46451 40811  2.4000
Triang [
04146 | \f5ec 0.1901 0.1597  0.1681 0.1735 0.17%61 0.1738 0.1759 0.1759 0.1781 0.1098 0.0727
0.4679 | 10% 0.1901 0.1824  0.18% 0.1839 0.1900 0.1891 0.1899 0.1899 0.1908 0.1537 0.1028
0.5265 | 159 0.1901 0.197%6 0.1972 0.1997 0.2000 0.2000 0.2000 0.2000 0.2001 0.1851 0.1259
0.5686 | |ane, 01901  0.2095  0.2065  0.2087 02083  0.089  0.2083  0.2083  0.207%  0.20%8  0.1453
VA | lasw 0.2066  0.2195  0.2145  0.2166 02157  0.2168 02158 02158  0.2150  0.2300  0.1625
0% 0.2066  0.2284 02218  0.2239 02226  0.240 02227  0.2227 02216  0.2469  0.1780
35% 0.2066  0.235 0228 02307 02293  0.2308 02203 02293 02279  0.2612  0.1923
0% 02066 02490 02351 02374 02357  0.2375 02358 02358 02342  0.2733 0205 _|
45% 02437 02512 02416  0.2490 02422  0.2490 02422 02422 02405  0.2837  0.2180
0% 0.2437 02581  0.2480  0.2505  0.247  0.2506  0.2487  0.2487  0.2469  0.2925  0.2298
55% 0.2437  0.2650  0.2547  0.2572  0.2553  0.2572  0.2553  0.2553  0.2535  0.3000  0.2410
60% 03058  0.2718  0.2617  0.2641 02623  0.2641 02623  0.2623  0.2605  0.3063  0.2517
65% 03058 02787  0.2692  0.2714 02697  0.2714  0.2697  0.2697  0.2680  0.3114  0.2620
0% 0.3058  0.2858 02774  0.2%92 02777 0291 02777 02777 02762 03156  0.2719
75% 03058  0.2933  0.2868  0.2878 02867  0.2877  0.2866  0.286  0.2854  0.3189  0.2815
80% 03058 03015 0297  0.2976 02969  0.2974 02969  0.299 02962  0.3214  0.2907
85% 03250 03108 03119 03093 03093 03091 03093 03093 03094 03232 0,299
0% 03250 03221 03316 0324 03257 03241 0325 03256 03272 0.3243 03083
95% 0325 0331 03660 0347 03513 03473 03515 03515 0.3%1  0.3249  0.3168
=| Chi-Squared Test
(Chi-Sq Statistic 02000 02000  0.2000 02000  0.2000 02000 02000  0.2000  0.2000  0.2000
P-Vaue 0.6547 06547 06547  0.6547 06547  0.6547 06547 06547  0.6547 06547
Cr. Value ©0.750 0.015  0.015  0.1015 01015  0.1015 01015  0.015  0.1015  0.1015  0.1015
Cr. Value ©0.500 0.459 0459  0.45% 0459 0459  0.459 0459  0.459  0.459 0459
Cr. Value ©0.250 13233 13233 13233 13233 13233 13233 13233 13233 13233 13233
Cr. Value @0.150 20723 20723 20723 20723 20723 20723 20723 20723 20723 20723
Cr. Vakue ©0.100 27055 27055 27055 27055 27085 27055 27055 27055 27055  2.7055
Cr. Value ©0.050 38415 38415 38415 38415 38415 38415 38415 38415 38415 3841s
<« [ i
‘|Zp|%|ﬁ Write To Cel | Close |

1.1.2 Lines outage rate —forced (continuous)

The @RISK software found that the Weibull distribution is the most appropriate fit.

Figure 1.3: Lines outage rate (forced) — distribution fit using K-S

& QRISK - Fit Results (B =

FtRankng | Fit Comparison for Lines outage rate - forced
Fit K-S RiskWeibull(12.544,0.15618)
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Fitting probability distributions to Service Component data

Figure 1.4: Lines outage rate (forced) — statistics table using K-S

& QRISK - Fit Results

(]G ]

FitRanking >l = Input Weibul Erlang Gamma Lognorm|  Lognorm2)  InvGauss|  PearsonS| BetaGeneral 4|
-FAt
= KS!| [Function RiskWeibu. =RiskGamm.. =RiskLogno.. =RiskLogno.. =
- Distribution Statstics
Erlang 0228 | finienum 0.1240 00000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
Gamma 0-2929 | uyaimum 0.1631  +infinity  +Infinity  +Infinity  +Infinity  +4Infinity  +Infinity  +nfinty  0.1681
Lognorm 02953 | yean 0,149  0.1499  0.1496  0.1496  0.149  0.149%  0.1496  0.1496  0.1508
Lognorm2 0.2953 | lyode 0.1559 [est] 0.1551 0.1479 0.1479 0.1471 0.1471 0.1470 0.1462 0.1681
Scun. 02957 | Iiegian 01570 01517  0.1490  0.1490  0.1487  0.1487  0.1487  0.1484  0.15%8
PaarsonS 02978 | Ist4. Deviation 00171 00145 00157 00157 00159 00159 00159 00162  0.0219
BetaGeneral  0.3604 | |goyness 0.505 07270 02097  0.2095 03206 03206 03193 04393  -19013
Rayleich 04934 | Iy rtosss 20267 38139  3.0659  3.0659  3.1833  3.1833  3.1699  3.3653  6.8792
0.5431 | percenties
0.5635 | [gog 0.1240 0.1233 0.1247  0.1247 0.1299 0.1249 0.1249 0.1250 0.1033
0.5901 | 100, 01240 01305 0128 01299 0128  0.1208 01208 0128  0.119
0.6818 il 15% 0.1240 0.1351 0133  0.133% 01332  0.1332  0.1332 0.1331 0.1302
VA | 0% 01240 0.3  0.132  0.1362  0.1360  0.1360  0.1360  0.1358  0.137%
25% 0.1417  0.414 01387  0.1387  0.1385  0.1385  0.1384  0.1382  0.1434
0% 0.1417 01439  0.1410  0.1410 01407  0.1407  0.1407  0.1404  0.1480
35% 0.1417 01460  0.1431  0.1431  0.1428  0.1428  0.1427  0.1425  0.1517
0% 0.1417 01480  0.1451 01451  0.1448  0.1448  0.1448 01445  0.159 |
45% 01570 01499  0.14%  0.1470  0.1468  0.1468  0.1467  0.1%5  0.1575
0% 01570  0.1517  0.1480  0.1490  0.147  0.1487  0.1487  0.1484  0.15%8
55% 0157  0.153%  0.510  0.1510  0.1507  0.1507  0.1507  0.1505  0.1616
0% 0157  0.1551  0.1530  0.1530  0.158  0.158  0.1528  0.156  0.1632
65% 0.157  0.15%8  0.1551  0.1551  0.1599  0.159  0.1599  0.1548  0.1645
0% 0157  0.1585  0.1574  0.1574  0.1572  0.1572  0.1572  0.1571  0.16%
75% 0.1570 01603  0.1598  0.1598 01598  0.1598  0.1598  0.197  0.1664
N fso% 0157 0162  0.1626  0.1626  0.1626  0.16%  0.1626  0.1627  0.1671
85% 0.1681  0.1644  0.1658  0.165  0.1660  0.1660  0.1650  0.1663  0.1675
0% 0.1681  0.1669  0.1700  0.1689  0.1704  0.1704  0.1704  0.1709  0.167
95% 0.1681 01705  0.762  0.17%62  0.1771  0.1771 01771  0.1781  0.1680
-] Chi-Squared Test
Chi-Sq Statistic 02000  0.2000 02000  0.2000  0.2000  0.2000 02000  1.8000
P-Vaiue 0.6547 06547 06547  0.6547  0.6547  0.6547 06547  0.1797
Cr. Value 0.750 0.1015  0.1015 01015  0.1015  0.1015  0.1015 01015  0.1015
Cr. Value ©0.500 04549  0.459% 0459 0459  0.459 0459 0459  0.459
Cr. Value @0.250 13233 13233 13233 13233 13233 13233 13233 13233
Cr. Value €0.150 20723 20723 20723 20723 20723 20723 20723  2.0723
Cr. Value @0.100 2.7055 2.7055 2.7055 2.7055 2.7055 2.7055 2.7055 2.7055
Cr. Vaue ©0.050 38415 38415 3s4Is 33415 384l 3s4s  3sals  3sas |
REERE e o e TR R |
0)w|B] AlUEE waroca |_om_|
1.1.3 Reactive plant outage — fault (continuous)
The @RISK software found the Pearson5 distribution is the most appropriate fit.
Figure 1.5: Reactive plant outage (fault) — distribution fit using K-S
A& @RISK - Fit Results
FtRankng v Fit Comparison for Reactive plant outage rate - fault
Fit K-S RiskPearson5(7.9169,2.3992)
PearsonS 0.186 0471
Rayleigh 0.2332 50% |
Lognorm 0.2365 5.3% ]
Lognorm2 0.23%s °
InvGauss 0.2377
Gamma 0.2412
Erlang 0.2450
Viebul 0.2494 7
Uniform 0.3152
Triang 0.3403
Expon 0.4182
Pareto2 04182 §
chisg 0.4923
Beta: N/A
y i W
i Minmom 0.1857
/A Maxmum 0.4714
Mean 0.3425
Sd0ev  0.1110
4 Values S
— Pearsons
Minimum  0.0000
Maomun +»
3 Mean 0.3469
SedDev  0.1426
2
1
0 "M
- < e @« ]
S =) S =) s
@|wm|@®| & e witeTocel | Glose

ISSUE 3

UNCONTROLLED WHEN PRINTED

28/10/2015

7117



Fitting probability distributions to Service Component data

Figure 1.6: Reactive plant outage (fault) — statistics table using K-S

Ak Q@RISK - Fit Results

Fit Ranking >l

Fit K-S
\

Rayleigh 0.2332
Lognorm 0.2365
Lognorm2 0.2365
InvGauss 0.2377
Gamma 0.2412
Erlang 0.2450
Weibul 0.2494
Uniform 0.3152 |
Triang 0.3403
Expon 0.4182
Pareto2 0.4182
Chisq 0.4923
BetaGeneral N/A
Loglogstic N/A
Pareto N/A
Pearsonb N/A

Input| PearsonS|  Rayleich  Lognorm| Lognorm2|  InvGauss Gamma| Edang|  Webul
=IFit
| [Function =RiskPears.. =RiskRaylei.. =RiskLogno.. =RiskLogno.. =RiskinvGa.. 9
- Distribution Statistics
| "WIM 0.1857 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
‘Max'rrun 0.4714 +Infinity +Infinity +Infinity +Infinity +Infinity +Infinity +Infinity +Infinity
| |Mean 0.3429 0.3469 0.3194 0.3441 0.3441 0.3429 0.3429 0.3429 0.3445
[ :Mode 0.2500 [est] 02691  0.2548  0.2852 02852  0.2819  0.3032 03048  0.34%0
Medan 03429 03163 03000 03232 03232 03219 03297 03302  0.3453
| Istd. Deviation 0.1241  0.1426  0.1669  0.1256  0.1256  0.1243  0.1166  0.1143  0.1069
{Skmmes -0.1304 19789 0.6311 1.1438 1.1438 1.0873 0.6801 0.6667 0.0055
|Kurtosss 14579 11,9052 3.2451 5.4129 5.4129 4.9703 3.6938 3.6667 27158
| - Percenties
5% 0.1857 0.1840 0.0816 0.1807 0.1807 0.1811 0.1761 0.1789 0.1668
10% 0.1857 0.0  0.1170 02054  0.2054  0.2050  0.2045 02070 0.0
15% 0.1857  0.2222  0.1453  0.2240  0.2240  0.2232  0.2253  0.2275  0.2302
20% 0.1857 0237  0.1702  0.2400  0.2400  0.2389  0.2429  0.24%9  0.2515
25% 0.2571 0.2501 0.1933 0.2546 0.2546 0.2534 0.2587 0.2605 0.2700
0% 0.2571 0.2631 0.2152 0.2685 0.2685 0.2672 0.2735 0.2750 0.2868
35% 0.2571 0.2760 0.2365 0.2821 0.2821 0.2807 0.2878 0.2890 0.3023
0% 0.2571 0.2890 0.2576 0.2955 0.2955 0.2941 0.3017 0.3027 0.3170
45% 03429 03023 0278 03092 03092 03078 03156 03164  0.3313
50% 03429 03163 0.3000 03232 03232 03219 03297 03302  0.3453
55% 0.3429 0.3311 0.3220 0.3379 0.3379 0.3367 0.3443 0.3445 0.3592
60% 0.4571 0.3471 0.3450 0.3535 0.3535 0.3524 0.3595 0.3594 0.3732
‘65% 0.4571 0.3648 0.3693 0.3704 0.3704 0.3694 0.3756 0.3752 0.3877
0% 0.4571 0.3847 0.3954 0.3891 0.3891 0.3881 0.3932 0.3924 0.4028
75% 0.4571 04073  0.4243  0.4103 04103 04094  0.4127 04115  0.410
80% 0.4571 04358 04572  0.4353 04353  0.4345  0.4352  0.4335  0.4369
85% 0.4714 04716 04964  0.4664  0.4664  0.4655  0.4624 04601  0.4574
s0% 0.4714 05225  0.5469  0.5086  0.5086  0.5075  0.4982  0.4950  0.4828
[ !95-/. 0.4714 06117  0.6238  0.5783  0.5783  0.5761  0.554¢  0.5499  0.5197
=| Chi-Squared Test
;Oi-Sq Statistic 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000
P-value 06547  0.6547  0.6547  0.6547  0.6547  0.6547  0.6547  0.6547
;o. Value @0.750 0.1015  0.1015  0.1015  0.1015  0.1015  0.1015  0.1015  0.1015
‘Cr Value @0.500 % 0.45499 0.45%9 0.4549 0.4599 0.45%9 0.454% 0.4549 0.45%9
Cr. Value @0.250 13233 1.3233 1.3233 13233 1.3233 1.3233 1.3233 1.3233
‘Cr Value 0.150 2.0723 20723 20723 20723 20723 20723 20723 20723
B ‘[- st e 100 ~ mnee - nee ~ e ~ ance ~ nee ~ nee ~ anee ~ nce

o|w|@| &[T

0.029¢
0.058¢
0.088¢
0.117%
0.147:

0.324:
0.353¢
0.383C
0.412¢
0.4492(
0.471¢

0.530¢
0.559¢

0.101¢
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The @RISK software found that the Weibull distribution is the most appropriate fit.

1.1.4 Reactive plant outage — forced (continuous)
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Fitting probability distributions to Service Component data

Figure 1.7: Reactive plant outage (forced) — distribution fit using K-S
A& @RISK - Fit Results

Fit Ranking |
Fit K-S
Erlang 0.3101
Gamma 0.3104
Lognorm 0.3167
Lognorm2 0.3167
InvGauss 0.3175
PearsonS 0.3229
Triang 0.3901
Rayleigh 0.4079
Uniform 0.4741
Expon 0.5232

0.5346

olals| Iiﬁlé/jﬂ -

Fit Ranking |
Fit K-S
Erlang 0.3101
Gamma 0.3104
Lognorm 0.3167
Lognorm2 0.3167
InvGauss 0.3175
PearsonS 0.3229
Triang 0.3901
Rayleigh 0.4079
Uniform 0.4741

0.5232

0.5346
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Fit Comparison for Reactive plant outage rate - forced
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Figure 1.8: Reactive plant outage (forced) — statistics table using K-S
A& @RISK - Fit Results

| B

Minmom 0.2286
Maxmum 0.3857
Mean  0.3086

SedDev  0.0668
Valoes 5
—Vigibul

Minmum  0.0000
Maxmum +
Mean 0.3102
SdDev  0.0632

=)
Input Weibul Erlang Gamma Lognorm| Lognorm2  InvGauss|  PearsonS Al
- Fit
Function ) g . =RiskLogno.. =Risklogno.. =RiskInvGa.. =RiskPears.. =Risk
| Distribution Statistics
Minimum 0.2286 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Maximum 0.3857 +Infinity +Infinity +Infinity +Infinity +Infinity +Infinity +Infinity
Mean 0.2086 0.3102 0.3086 0.3086 0.3088 0.3088 0.3086 0.3093
Mode 0.2325 [est] 0.3242 0.2931 0.2932 0.2857 0.2857 0.2851 0.2785
Median 0.3429 0.3145 0.3034 0.3035 0.3009 0.3009 0.3007 0.2983
Std. Deviation 0.0746 0.0632 0.06%0 0.068% 0.0712 0.0712 0.070% 0.0747
Skewness 0.2756 0.3394 0.4472 0.4463 0.7043 0.7043 0.6894 1.0260
Kurtosss 1.2512 2.9862 3.3000 3.2988 3.8948 3.89%8 3.7920 5.0796
~| Percentiles
5% 0.2286 0.1989 0.2045 0.2047 0.2069 0.2069 0.2071 0.2089
10% 0.2286 0.2258 0.2241 0.2243 0.2248 0.2248 0.2247 0.2251
15% 0.2286 0.2437 0.2380 0.2382 0.2377 0.2377 0.2375 0.2371
20% 0.2286 0.2576 0.2455 0.2496 0.2484 0.2484 0.2482 0.2472
25% 0.2286 0.2694 0.2597 0.2598 0.2581 0.2581 0.2578 0.2564
0% 0.2286 0.2798 0.2690 0.2691 0.2671 0.2671 0.2668 0.2650
35% 0.2286 0.2892 0.2779 0.2779 0.2756 0.2756 0.2754 0.2733 |
0% 0.2286 0.2980 0.2865 0.2865 0.2841 0.2841 0.2838 0.2815
45% 0.3429 0.3064 0.2999 0.2950 0.2924 0.2924 0.2922 0.2898
50% 0.3429 0.3145 0.3034 0.3035 0.3009 0.3009 0.3007 0.2983
55% 0.3429 0.3224 0.3121 0.3121 0.3097 0.3097 0.3094 0.3071
60% 0.3571 0.3303 0.3211 0.3211 0.3188 0.3188 0.3186 0.3164
65% 0.3571 0.3383 0.3305 0.3305 0.3285 0.3285 0.3283 0.3264
0% 0.3571 0.3466 0.3407 0.3406 0.3391 0.3391 0.3389 0.3374
75% 0.3571 0.3553 0.3519 0.3518 0.3509 0.3509 0.3507 0.3498
80% 0.3571 0.3647 0.36%6 0.3645 0.3645 0.3645 0.3643 0.3644
85% 0.3857 0.3754 0.3799 0.3797 0.3810 0.3310 0.3808 0.3824
90% 0.3857 0.3884 0.39%6 0.3994 0.4029 0.4029 0.4026 0.4068
95% 0.3857 0.4068 0.4301 0.4299 0.4376 0.4376 0.4370 0.4468
=| Chi-Squared Test
Chi-Sq Statistic 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000
P-Value 0.6547 0.6547 0.6547 0.6547 0.6547 0.6547 0.6547
Cr. Value @0.750 0.1015 0.1015 0.1015 0.1015 0.1015 0.1015 0.1015
Cr. Value @ 0.500 0.4599 0.4599 0.454% 0.4549 0.459%9 0.4549 0.4549
Cr. Value 0.250 1.3233 1.3233 1.3233 1.3233 1.3233 13233 1.3233
Cr. Value @0.150 2.0723 2.0723 2.0723 2.0723 2.0723 2.0723 2.0723
Cr. Value @0.100 2.7055 2.7055 2.7055 2.7055 2.7055 2.7055
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Transformers outage — fault (continuous)
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The @RISK software found that the Weibull distribution is the most appropriate fit.
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Fitting probability distributions to Service Component data

Figure 1.9: Transformers outage (fault) — distribution fit using K-S _
A& ORISK - Fit Results . - - ) . B

FtRakng v Fit Comparison for Transformers outage rate - fault
Fit K-S Riskweibull(3.2699,0.22716)
| webdl | 0.2030] 0.1190 03125
BetaGeneral  0.2037 5.0%
Gamma 0.2068 11.4%
Erlang 0212 2
|| Loglogisti 0.2140
Lognorm 0.2188
Lognorm2 0.2188
InvGauss 0.2195
PearsonS 0.2375 10
Rayleigh 0.2656
Triang 0.2651
Uniform 0.3048
0.4436
)
. Inpe
Minimun  0.1150
Maxmum 0.3125
Mean 0.2031
SwdDev  0.0684
Valss s
5
' — il
Misimum  0.0000
Maxmum +0
Maan 0.2037
‘ StdDev  0.0685
4
1 2
. *".,..h..“
w £=3 =3 v o w i=3 v o
8 8 e 0 8 9 8 8 2
3 b= b= b= e B e P 3
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Figure 1.10: Transformers outage (fault) — statistics table using K-S .
& @RISK - Fit Resuits . - - . . Bl ™)

Fit Ranking | Input Webull| BetaGeneral Gamma Erlang  Loglogistic|  Lognorm| Lognorm2|  InvGauss| Pearson5 4|
~|Fit
fit KS/| Function kErlang.. »RiskLogLo.. =Risklogno.. =RiskLogno.. =RiskInvGa.. =RiskPears.. =Ri:
EE I T o ibution Statistics
| BetaGeneral  0.2037 |y 0.119  0.0000  0.0000  0.0000  0.0000  0.0000 00000  0.0000  0.0000  0.0000
Ganma 02088 | yaximum 03125  +nfaity 03661  Hnfinity  +nfinity  +nfinty  +Hnfinty  +Hnfinity  +Infinty  +Hnfinity
' Erlang 02112 | yepn 02031 0.037 02050  0.2031 02031  0.2077 02033  0.2033 02031 0.0
Loglogistic 0.2140 | wode 0.1432 [est] 0.2032 02153  0.798  0.1805  0.1760  0.1701  0.1701  0.1687  0.1619
Lopnaors 0.2188 | yiegian 02126  0.2031 02074  0.1954  0.195  0.1927  0.1916  0.1916  0.1913  0.1878
(| Lognorm2 02183 | lg43, peviation 00765  0.0685 00675  0.0687 00677  0.0877 0072 00722 00716  0.0792
|| invGauss 0.2195 | gy omess 03225 00863  -0.1573  0.6765  0.6667  2.7756 1.1098 1.1088 1.0578 1.8246
|| PearsonS 0.2375 Kurtosc% 18900 27115 23843 36865  3.6667 410700 52673 52673 48648 103547
| Rayleigh 0.265 [ STpercentics
(| Triang 5% 0.1190  0.0916 00898  0.1047  0.105  0.1035  0.1087  0.1087  0.1092  0.1117
Uniform 10% 01190  0.141 01129  0.1215 01226  0.1212 01232  0.1232 01232  0.1243
15% 01190 01303 01298 0133  0.13%  0.133% 0139  0.130 01339  0.1339
0% 0.1190  0.143 01438 01442  0.1450  0.1438  0.1433  0.1433 01431  0.1423
25% 01429 01552  0.1%2 01535  0.1543  0.158  0.1518  0.1518  0.1515  0.1501
30% 01429  0.1657 01675  0.1623  0.162  0.1612  0.1599  0.159  0.1595  0.1575
{PeorsonS | NAISlssy 0142  0.17% 01781  0.1706  0.1712  0.1691  0.1678  0.1678  0.1674  0.169 _|
‘ 0% 0.1429  0.1850 01882  0.1789  0.1793  0.1769  0.175%  0.175%  0.1752  0.1723
‘ 45% 02126  0.1941 01979  0.871  0.1874  0.1847  0.1835  0.1835  0.1831  0.1799
50% 02126 02031 02074  0.195¢4  0.195%  0.1927 01916  0.1916  0.1913  0.1878
\ 55% 02126 02121 02169 0203 0209  0.2011 02000  0.2000 01998  0.1962
50% 02283  0.212 02263 02129 02120 02100 0209  0.2090 02089  0.2052
55% 02283  0.2306  0.235%  0.2224 02222 02197 0218 02188 02187  0.2152
70% 02283  0.2404 02458 02327  0.2324  0.2305 02295  0.2295  0.2295  0.2264
\ 75% 02283  0.2510 0251  0.2443 02437  0.2431 02417  0.2417 02418  0.2393
‘ 0% 02283  0.2628 02671  0.2575  0.25%8  0.2583  0.25%0  0.2560  0.25%2  0.2549
‘ 85% 03125  0.27%63 02793 02735  0.2725 02781 0273  0.2738 02740  0.2748
90% 03125  0.932 0293 0299 02932  0.3066 0297  0.2079 02980  0.3028
95% 03125 03177 0316 03277 03257 0350  0.33%  0.33% 03372 0.3515
* ~| Chi-Squared Test
Chi-Sq Statistic 02000  0.2000 02000  0.2000  0.2000  0.2000  0.2000  0.2000  0.2000
P-value 0.6547  0.6547  0.6547  0.6547  0.6547  0.6547  0.6547  0.6547  0.6547
‘ Cr. Value @0.750 0.1015  0.1015  0.1015  0.1015  0.1015  0.1015  0.1015  0.1015  0.1015
‘ Cr. Value ®0.500 0459  0.4549 04549  0.459 045499  0.45499  0.4549  0.458  0.4599
Cr. Valve @ 0.250 13233 13233 13233 13233 13233 13233 13233 13233 13233
| Cr. Value @ 0.150 20723 20723 20723 20723 20723 20723 20723 20723 20723
Cr. Value @0.100 27055 27055 27055 27055 27055 27055 27055 255 2785 |
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Fitting probability distributions to Service Component data

1.1.6

Transformers outage — forced (continuous)

The @RISK software found that the Weibull distribution is the most appropriate fit.

Figure 1.11: Transformers outage (forced) — distribution fit using K-S
_ - ,

A& @RISK - Fit Results
Fit Ranking hd|

0.0476

5.0%
1.6%
25
20
15
10

Fit Comparison for Transformer outage rate - forced

RiskWeibull(4.7354,0.11422)

0.1339

. Inpx
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Figure 1.12: Transformers outage (forced)

A& @RISK - Fit Results

— statistics table using K-S

hr:.( Ranking | i Input Weibul Gamma Erlang Lognorm| Lognorm2  InvGauss|  PearsonS Ra) » |
Fit KS/| [Function ibu. . .. =RiskLogno.. =RiskLogno.. =RiskInvGa.. =RiskPears.. =RiskRz
<  Distribution Statistics
09038 | inimum 0.0476  0.0000  0.000  0.000  0.0000  0.0000  0.0000  0.0000  O.
0.4037 Maximum 0.1339 +Infinity +Infinity +Infinity +Infinity +Infinity +Infinity +Infinity +Ir
0.4145 | Iyean 0.1040  0.1045  0.1090  0.1040 0.1052  0.1052  0.1040 0.1073 0.
0.4145 | Ivode 0.1101 [est] 0.1086 0.0923 0.0925 0.0857 0.0857 0.0837 00787 0.
04253 | yeian 0.1111 01057  0.1002  0.1002 00882  0.0982  0.0970  0.085% 0.
04283 | lst4. Deviation 00330 00252 00348 00347 0042 00402 00397 0056 0.
04406 | oy enmess -1.1654  0.2157  0.6699  0.6667 12014 12014 L1456  2427% 0.
04506 | Iy rtoss 28953 28411  3.6731  3.6667  S5.6719 56719 51874 177934 3.
0.4537 [ percenties
0.9676 | 5o 0.0476 0.0610 0.0541 0.0543 0.0535 0.0535 0.0530 0.0528 0.
0.7145 | (109, 0.0476 0.0710 0.0525 0.0628 00612  0.0612 0.0504 0.059 0.
A 15% 0.047% 00778 00889  0.0690 00670  0.06%  0.0660  0.0698 0.
20% 0.047% 00832 00742 00743 00720 00720 00709  0.0695 0.
25% 0.1094 00878 00789 0070 00766 00766 00754  0.0738 0.
0% 0.1094 00919 00833 00834 00810 00810  0.0798  0.0781 0.
35% 0.1094 0095 00876 00877 00852 00852 00840 00823 O
0% 0,109 0091 00918 00918 00895 00895  0.0882  0.085 0.
45% 01111 01025 00959  0.0960 00938 0093  0.092%6  0.0910 0.
0% 0.1111  0.1057  0.1002  0.1002 00982  0.0982  0.0970  0.095% 0.
55% 0.1111 01089  0.1045  0.1045 0102  0.02  0.017  0.1006 0.
60% 0.1181 01121 0.0  0.1090  0.107  0.107%  0.1067  0.1061 0.
65% 0.1181 01154  0.13% 01138 01132 01132 01121 01121 O
0% 01181 01188  0.1191 01190 01192  0.1192  0.1181  0.1189 0.
75% 0.1181 01224  0.1249 01248 01260  0.1260  0.1240  0.1269 0.
80% 01181 01263  0.1316 01315 01390 0.3 01330  0.13%7 0.
85% 01339 01308  0.13%8  0.13%6  0.140 0140 01430  0.194 0.
0% 0133  0.132  0.1504  0.1502  0.157%  0.15%  0.1566  0.1677 0.
95% 0.1339  0.1490  0.1672  0.1668  0.1802  0.1802  0.1789  0.2004 0.
=| Chi-Squared Test
Chi-5q Statistic 1.8000 18000  1.8000  1.8000 18000 18000  1.8000 1
P-Value 01797  0.1797 0177 0177 0177 0177  0.1%7 O
Cr. Value ©0.750 0.1015  0.1015  0.1015 01015  0.1015  0.1015  0.1015 0.
Cr. Value ©0.500 0.459  0.45%9  0.45% 0459 0459 0459  0.459 0.
Cr. Value ©0.250 13233 13233 13233 13233 13233 13233 13233 1
lCr. Value ©0.150 20723 20723 20723 | 20723 20723 20723 20723 jl‘
4 »
)| | 5| ‘|%|[Z’|ﬁ witeTocel | Close |
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Fitting probability distributions to Service Component data

12  Service parameter 2 — Loss of supply event frequency

1.21

Number of events >0.05 system minutes (discrete)

Whilst @RISK found that the HyperGeometric distribution is the best fit, the Poisson distribution has been
adopted, consistent with both the loss of supply event frequency (>0.30 system minutes) parameter and the
Draft Decision. The HyperGeometric and Poisson distributions are almost identical.

Figure 1.13: Number of events >0.05 system minutes — Poisson distribution

k. @RISK - Fit Results

[ [© o]

b o 20k 1' Fit Comparison for No. events >0.05
Fit [ chisq RiskPoisson(24000)
HyperGeo 0.0075 0.00 5.00
S5 % ]
| NegBin 0.0113 oA 9.1% 3.6% |
IntUniform 0.2000
| Geomet 0.6666
Binomial NA
040
035
030
— gt
Minmum  0.0000
Maximun 5.0000
025 Ma3n 2.4000
SdDev 16248
Vakhes H
020 [ possen
Minmum  0.0000
Maximun .o
Mzan 2.4000
SdDev 15492
0.15
0.10
0.05 l I
0.00 ' .
- o - o © - 0 © ~ @
o|w|B)| [& b0 wintoca || o |

Figure 1.14: Number of events >0.05 system minutes — statistics table

Ak @RISK - Fit Results

I 2 =]

FitRankng | = Input| HyperGeo|  Poisson|  NegBin| IntUniform|  Geomet
l—l—/ﬁ’ aEeq ijcbon gB.. =RiskIntUni.. =Risk
- =l Statistics
Poisson 0.0084 | urimum 0.0000  0.0000  0.0000  0.0000  0.0000 Y
| NegBin 0.0113 | s emum 5.0000  76.0000  +Infinity  +Infinity 5.0000  +Infinity
IntUniform 0.2000 | iyepn 2.4000 23885 24000 24000  2.5000
| Geomet 0.6566 | mode 20000 20000 20000 20000  0.0000
(Bromal  NA | Median 20000 20000 20000 20000  2.0000
Std. Deviation 18166 15192 1592 16492 1707
‘ Skewness 0.17%0  0.6139 06455 07680  0.0000
‘ rurtoss 22686 3.3%89 34167 3010 17314
- Percenties
5% 0.0000  0.0000  0.0000  0.0000  0.0000
10% 00000 10000  1.0000 00000  0.0000
15% 00000 10000 10000 10000  0.0000
‘ 20% 0.0000 10000 10000 L0000  1.0000
| 25% 20000 10000 10000 10000 10000
1 0% 20000 1.0000 1.0000 1.0000 1.0000
| 35% 20000 20000 20000 20000  2.0000
i 0% 2.0000 20000 2.0000 2.0000 20000
I 45% 20000 20000 20000 20000 20000
Il 0% 20000 20000 20000 20000 20000
| 5% 20000 20000 20000 20000  3.0000
| 0% 20000  3.0000 30000  3.0000  3.0000
‘ 65% 3.0000 3.0000 3.0000 3.0000 3.0000
0% 3.0000 3.0000 3.0000 3.0000 4.0000
; 75% 3.0000 30000 30000  3.0000 40000
‘ 0% 3.0000 40000 40000 40000 40000
5% 50000 40000 40000 40000  5.0000
0% 50000 40000 40000 50000  5.0000
95% 50000 50000 50000 50000  5.0000
=) Chi-Squared Test
Chi-Sq Statistic 0.0075 00084 00113  0.2000
P-Vaue 09309 09269 09154 06547
Cr. Vaue ©0.750 01015  0.1015 01015  0.1015
i Cr. Vaue ©0.500 04549 0459 0459  0.459%
Cr. Vaue ©0.250 13233 13233 13233 13233
Cr. Vaue ©0.150 20723 20723 20723 20723
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Fitting probability distributions to Service Component data

1.22

Number of events >0.30 system minutes (discrete)

The data does not lend itself easily to statistical analysis, as it is comprised of either zero or one events.
To retain consistency with the 0.05 minutes parameter and the Draft Decision, the Poisson distribution
has been adopted.

Figure 1.15: Number of events >0.30 system minutes — Poisson distribution

h @RISK - Fit Resuits

e=apen

FtRandw" vl Fit Comparison for No. events > 0.30 mins
Fit [ chisq RiskPoisson(0.60000)
Binomial 0.0000 0.000 1.000
HyperGeo 0.0000 5.0% 5.0% |
IntUniform 0.2000 54.5% 122% ]
4
Geomet 3.2569
NegBin NA
08
05
—Tnpt
Minmum  0.0000
04 Maximum  1.0000
Mean 0.6000
SdDev  0.4895
Vahes H
. Poisson
03 Minmum  0.0000
.e
Mean 0.6000
SdDev  0.7746
02
01
0.0 %
0 o w o w o n o v
? o -] - - o~ o~ ~™ ~”
@) |6 [& Eo|C2] )

vinteToCel | Close |

Figure 1.16: Number of events >0.30 system minutes — statistics table

A& snse e - =)
FitRanking v = Input|  Bromial| HyperGeo IntUniform|  Posson|  Geomet
Fit s | o T -
R o T]ngm =RiskBinomi.. =RiskHyper.. =RiskIntUni.. =RiskP0isso.. =RiskGeom..
HypesGeo 00000 | ugimem 0.0000  0.0000  0.0000  0.0000  0.0000 7
Intuniform 0-2000 | logascimum 10000 10000 10000 10000  +Infiity  +Infinity
- < | |Mean 0.6000 0.6000 0.6000 0.5000 0.6000 7
Geomet 32569 | iode 10000 10000 10000  0.0000  0.0000
Meghn VA | |vedian 10000 10000 10000  0.0000  0.0000
Std. Deviation 0.5477  0.4899  0.4899  0.5000  0.774
Skewness 0.4082  0.4082  0.4082  0.0000  1.2910
Kurtoss 11667 L1667 11667 10000 46667  10.0417
= o
5% 00000  0.0000  0.0000 00000  0.0000
10% 00000  0.0000  0.0000 00000  0.0000
15% 0.0000  0.0000  0.0000 00000  0.0000
20% 0.0000  0.0000  0.0000 00000  0.0000
25% 0.0000  0.0000  0.0000 00000  0.0000
0% 0.0000  0.0000  0.0000  0.0000  0.0000
35% 00000  0.0000  0.0000  0.0000  0.0000
0% 00000  0.0000  0.0000  0.0000  0.0000
45% 10000 10000 10000 00000  0.0000
0% 10000 10000 10000  0.0000  0.0000
| 55% 10000 10000 10000 10000  1.0000
60% 10000 10000 10000 10000 10000
65% 10000 10000 10000 10000  1.0000
0% 10000 10000 10000 10000  1.0000
75% 10000 10000 10000  1.0000  1.0000
30% 10000 10000 10000  1.0000  1.0000
85% 10000 10000 10000 10000  1.0000
0% 10000 10000 10000 10000  2.0000
95% 10000 10000 10000 10000  2.0000
- Chi-Squared Test
Chi-SqStatisbc 0.0000  0.0000  0.2000  1.3145
P-Vaue 10000 10000  0.6547  0.2516
Cr. Vae ©0.750 01015  0.1015  0.1015  0.1015
Cr. Value ©0.500 04549  0.459  0.459  0.459
Cr. Vale ©0.250 13233 13233 13233 13233
@@ &|Cs| LT virteTocel | close |
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Fitting probability distributions to Service Component data

1.3  Service parameter 3 — Average outage duration

1.3.1  Average outage duration (continuous)

The @RISK software found the Lognormal distribution is the most appropriate fit.

Figure 1.17: Average outage duration — distribution fit using K-S

ks @RISK - Fit Results .
FitRankng v Fit Comparison for Average outage duration
Fit K-S RiskLognorm(89.103,218.83)
4.0 230.0
Lognorm2 0.1952 5.0% |
LogLogistic 0.2024 8.4% |
InvGauss 0.23%1 0%
Webul 0.2476
BetaGeneral 0.3211
Expon 0.3264
Pareto2 0.3264
Triang 0.4454
Uniform 0.5165 0.020
Chisq 0.5197
Rayleigh 0.5556
N/A
N/A
T |
NA - 0015 Minmom 4,000
= > Maximun 230.0000
Pearsond VA Mesn 75.0800
Sed Dev 83.5157
Vahoes
—Lognom
Minmum 0.0000
0.010 Maximum i
Maan $9.1030
Sed Dev  218.8300
0.005
0.000 .
g 2 8 2 8
7 = ] 3 4 = & e
@l‘l@l E%l%]ﬂ| Write To Cel I Close |

Figure 1.18: Average outage duration — distribution fit using K-S

(k. @RISK - Fit Results —|®
FitRanking -l = Input Lognorm| Lognorm2 LoglLogistic|  InvGauss Webull BetaGeneral Expon |
Lt KS/| [Function =RiskLogno.. =RiskLogno. . =Risk.ogLo.. =Risk .. =Rish SkExpon.. =Risk
| =/ Distribution Statistics
Lognorm2 01952 | fugimum 40000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
LogLogistic 02024 | arieruum 230.0000  +infirity  +Infinity  +Infrity  +nfiNty  4Infinity 230,000  +Hnfinty -
InvGauss 02361 | lyean 75.0800 89,1030  89.1030 187.6857  75.0800  74.8684 1118404  75.0800 °
Viebal 0.2476 | lyoe 20.9500 [e.. 47789 47789 43410 57153 0.0000  0.0000  0.0000
BetaGeneral  0.3211 [ . p0n 240000  33.6025  33.6025  34.0375 248144 426115 107.6855 520415 !
Spon 0.3264 | " lst4. Deviation 93.8206 218.8274 218.8274  +Infinty  156.6554  92.6827  §9.2368  75.0800
Pareto2 0.3264 | \renmess 10387 221802 221802  +Infinty  6.2595 27412 00533 2.0000
Trang 04994 | I rtoss 24920 32849782 3284.9782  +Infity 683031  15.0225 13635  9.0000
0.5165 [ Soeraree
0.5197 | (5o 4,0000 3.3786 3.3786 2.8614 4,0857 1.7361 0.1101 3.8511
0.555 | (109 4,0000 56116 5.6116 5.3639 5.6254 4.2059 0.9544 7.9105
VA | 150 40000 79023 7.9023 79148 71377  7.1651  3.3613  12.2019
VA | o 50000 103732 103732 106085 8746  10.57%4 8155  16.7536
VA | s 19.5000  13.1003 131003 135120  10.5305 144570  16.0643 215992 . _|
NA 0% 19.5000 16.1552 16.1552 16.6919 12.5494 18.8294 27.6039 26.7792 ‘
VA | |3s% 19.9000  19.6186  19.6186  20.2242  14.8794  23.7473 429709 323432 !
0% 19.9000  23.5891  23.5891 242032  17.6125  20.2815 619502  38.3528 !
45% 240000  28.1939  28.1939  28.7520  20.8694  35.5271  83.8786  44.88%
0% 240000  33.6025  33.6025 340375 248144 426115 107.6855 520415 !
55% 250000 400486  40.0486  40.29% 206798 S0.7068 1320178  59.9520 !
0% 97.5000  47.8665  47.8665  47.8676  35.8045  60.0505  155.4289  68.7951 ¢
65% 97.5000  57.5540  57.5540 572854 437037  70.9808 176.5920  78.8206  °
70% 97.5000 69.8925 69.8925 69.4079 54.2003 84.0001 194.4928 90,3943 L
75% 97.5000 861911  86.1911 857422  68.6912  99.897%  208.543 1040830 X
0% 97.5000 108.8506 108.8506 109.2100  §9.7554 120.0136 218.6296 120.8366 L
85% 230.0000 1428855 1428855 1463765 1227597  146.8997 225.0641 1424358 1L
0% 230.0000 2012135 2012135 2158890 1812269  186.3901 228.4970 1728781 I
95% 230.0000 3342004 334.2004 4048840 314.656 257.5760 229.8051 2249196 2
= Chi-Squared Test
Chi-5q Statistic 02000  0.2000  0.2000 02000  0.2000 18000  0.2000
p-value 0.6547  0.6547  0.6547 06547 06547 01797  0.6547
Cr. Vaue ©0.750 0.1015  0.1015  0.1015  0.1015  0.1015  0.1015  0.1015
Cr. Value ©0.500 0459  0.459%  0.459% 0459 0459 0458 0,459
Cr. Value ©0.250 13233 13233 13233 13233 L3233 13233 13233 o
< »
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Fitting probability distributions to Service Component data

1.4.1  Failure of protection system (discrete)

Whilst @RISK found that the IntUniform distribution is the best fit, the Poisson distribution has been
adopted, consistent with distribution used for the other sub-parameters with discrete distributions (loss of
supply event frequency).

Figure 1.19: Failure of protection system — Poisson distribution
B o i N T

FtRakng v Fit Comparison for Failure of protection system
RiskPoisson(32)
23.00 41.00
5.0% 90.0% [ 50% ]
&

0.35

0.30

025 Mean 320000

0.20 !__

0.15

0.10

0.00

Qm B (& ke vinteTocel | cose |

A& @RISK - Fit Results

Figure 1.20 Failure of protection system — statistics table

e | - [ tnput| IntUniform|  Posson| NegBin|
2 [ asal| " ncion =ReskIntUn..
Intunform 0.3200 |-, —
. S| Mnimam 230000 230000  0.0000  0.0000
Reogn. 06202 | yayimum 410000 410000  +infirity  +Infiity
Geomet ‘7'7:2" Mean 320000 320000 320000  32.0000
o | Mode 33.0000 23.0000 310000  31.0000
\fperGeo MA | vedan 33.0000 320000 320000  32.0000
'std. Deviaton 6.4807  S.4772  5.6%9  5.79%9
Skeaness 00062 00000 01768  0.1901
| Kurtosis 23278 17933 30313 3.0393
~IPercenties
5% 230000  23.0000  23.0000  23.0000
510% 23.0000 240000  25.0000  25.0000
|15% 23.0000 250000 260000  26.0000
20% 2 260000 27.0000  27.0000
25% . 27.0000  28.0000  28.0000
0% 300000 28.0000  29.0000  29.0000
35% 00000  29.0000  30.0000  30.0000
0% 30.0000 30000  30.0000  30.0000
;45% 33.0000 310000  31.0000  31.0000
|s0% 33.0000 320000 320000  32.0000
issss 33.0000  33.0000  33.0000  33.0000
60% 33.0000 340000  33.0000  33.0000
5% 33.0000 350000 340000  34.0000
[70% 33.0000 360000  35.0000  35.0000
75% 33.0000 37.0000  36.0000  36.0000
80% 33.0000 38.0000 370000  37.0000
85% 410000  39.0000  38.0000  33.0000
90% 40000  40.0000  39.0000  40.0000
| os% 410000 410000 420000  42.0000
= Chi-Squared Test
Chi-Sq Statstic 03200  0.5%2  0.6202
P-value 0.5716 0439 0.4310
:0 value €0.750 0.1015  0.1015  0.1015
r. Value @0.500 04599 04549  0.459
cr. Valve @ 0.250 13233 13233 1323
Cr. Value ©0.150 20723 2073 2073
. Value ©0.100 27055 27055 27055
r. Value ©0.050 38415 38415 38415
cr. Value ©0.025 5023 50239 5.02%
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Fitting probability distributions to Service Component data

142  Material failure of SCADA system (discrete)

Whilst @RISK found that the Geometric distribution is the best fit, the Poisson distribution has been adopted,
consistent with distribution used for the other sub-parameters with discrete distributions (loss of supply event

frequency).

Figure 1.21: Material failure of SCADA system — Poisson distribution

Ak @RISK - Fit Resuits

C=anen

FitRankng  w|
[ Fit | chisq
| Geomet 0.2269 0.00
NegBin 0.2269 S0%
16.5%
HyperGeo o511 0%
| Intuniform 1.0667
Binomial N/A
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RiskPoisson(1.8000)

03% |

Minmun  0.0000
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Meaan 1.8000
SedDev 22271
Values H
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Mirimom 0.0000
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| SwdDev  1.3416
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Figure 1.22: Material failure of SCADA system — statistics table -
Lo | © i)

o|u|B AluuE

Rtk v|| Input|  Geomet|  NegBn|  Poisson| HyperGeo| Intuniform -
| . 5
et 0-2269 1 pistribution Statistics
NegBin 02269 | fugrimum 0.0000  0.0000  0.0000  0.0000  0.0000
I Maximum 6.0000 +Infinity +Infinity +Infinity 57.0000
HyperGeo 0.5211 | Iyepn 18000 18000 18000 18000 17916
Intuntform L0667 | ode 0.0000 00000 00000 10000  1.0000
(Brom)  NA | medan 10000 10000 10000 20000  2.0000
[ Std. Deviation 24900 22450 22450 L3416 L3162
| Skewness 11211 20490 2.0450 0.7454 0.7096
| Kurtoss 27037 9.1984  9.1984  3.5556  3.4668
[ =l Percenties ==
5% 0.0000 0.0000 0.0000 0.0000 0.0000
I 0% 0.0000 00000 00000  0.0000  0.0000
[ 15% 0.0000 0.0000 0.0000 0.0000 0.0000
20% 0.0000 00000 00000 10000  1.0000
25% 0.0000 00000 00000 10000  1.0000
30% 0.0000 0.0000 0.0000 1.0000 1.0000
35% 0.0000 0.0000 0.0000 1.0000 1.0000
0% 0.0000 10000 10000  1.0000  1.0000
45% 10000 10000 10000 10000  1.0000
50% 10000 10000 10000 20000  2.0000
‘ 55% 10000 10000 10000 20000  2.0000
Il 0% 10000 20000 20000 20000  2.0000
\ 65% 20000 20000 20000 20000  2.0000
0% 20000 20000 20000 20000  2.0000
‘ 75% 20000  3.0000  3.0000 30000  3.0000
I 0% 20000 30000  3.0000  3.0000  3.0000
‘ 85% 6.0000 40000 40000  3.0000  3.0000
0% 6.0000 50000 50000 40000  4.0000
1 95% 6.0000 60000 60000 40000  4.0000
- Chi-Squared Test
‘ Chi-Sq Statistic 0.2269 0.2269 0.4618 0.5211
P-Value 06338 0638  0.498  0.4704
‘ Cr. Vahue @0.750 0.1015  0.1015 01015  0.1015
i Cr. Vakue ©0.500 04549  0.459  0.459  0.459
‘ Cr. Value @0.250 13233 13233 13233 13233
J Cr. Value @0.150 2073 2073 20723 20723 =
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Fitting probability distributions to Service Component data

1.4.3 Incorrect operational isolation of primary or secondary equipment (discrete)
Whilst @RISK found that the HyperGeometric distribution is the best fit, the Poisson distribution has been

adopted, consistent with distribution used for the other sub-parameters with discrete distributions (loss of supply
event frequency).

Figure 1.23: Incorrect operational isolation of equipment — Poisson distribution

@RISK - Fit Results E=aicl
I Eanking 11 Fit Comparison for Incorrect operational isolation
| Fit | chisq RiskPoisson(55000)
| HyperGeo 0.1358 4.00 8.00 |
| Binomial 0.2528 5.0% 5.0% |
| Intuniform 0.8333 33.2% 114% | |
[Posson | 1.0754 ke
| Geomet 9.5728
NegSin N4
0.40
035
0.30
— gt
Minmum  4.0000
Maximum  8.0000
0.25 Maan 5.6000
SedDev 13565
Vakes H
0.20 -
Minmumn  0.0000
A Py
h Mean 5.6000
S:dDev  2.3664
0.15
0.10
0.05
0.00
ﬁ.l o o~ - -] @ 2 g :
@@ [& ]2 witeTocel | cose |

Figure 1.24: Incorrect operational isolation of equipment — statistics table
ik RISK - Fit Results ’ Lo | @ [

Freay vl | Input| HyperGeo|  Binomial| IntUniform|  Posson|  Geomet 4
Fit | Chi-Sq : . P > - - - .
%T”BJ qjmm =RiskHyper.. =RiskBinom... =RiskIntUni.. =RiskPoisso.. =RiskGeom..
| Bnomial 02528 | funimum 40000 00000 00000 40000  0.0000
Intuni 08333 | yasimum 80000  13.0000  9.0000  8.0000  +nfinity  +nfinity
= Mean 56000 56333 56000  6.0000  5.6000
| Geomet 9.5728 | iMode 50000 60000 60000 40000  5.0000
Meghn ____ NA | Medan 50000 60000 60000 60000 50000
Std. Deviation 15166 13680 14545 L4142 2.3664
skewness 07500 0013  0.1681  0.0000  0.4226
Kurtoss 2.3639 2.9256 2.8060 1.7000 3.1786
=IPercenties =%
5% 40000 30000  3.0000 40000  2.0000
10% 40000 40000 40000 40000  3.0000
15% 40000 40000 40000 40000  3.0000
0% 40000 40000 40000 40000 40000
25% 50000 50000 50000 50000 40000
0% 5.0000 5.0000 5.0000 5.0000 4.0000
35% 50000 50000 50000 50000 50000
0% 50000 50000 50000 50000 50000
‘ 45% 50000 50000 50000 60000 50000
| 0% 50000 60000 60000 60000 50000
55% 50000 60000 60000  6.0000  6.0000
0% 50000 60000 60000  7.0000  6.0000
65% 6.0000 6.0000 6.0000 7.0000 6.0000
0% 6.0000 6.0000 6.0000 7.0000 7.0000
75% 60000  7.0000  7.0000  7.0000  7.0000
30% 60000  7.0000  7.0000  7.0000  8.0000
85% 80000  7.0000  7.0000  8.0000 80000  11.0000
0% 80000  7.0000  7.0000  8.0000  9.0000  14.0000
95% 80000  8.0000 80000  8.0000  10.0000  13.0000
=l Chi-Squared Test AR = s
(Chi-5q Statistic 01358  0.2528  0.8333 10754
P-Value 07125 06151 03613  0.2997
Cr. Value ©0.750 0.1015  0.1015  0.1015  0.1015
Cr. Value ©0.500 04549 0459 0459 0459
Cr. Vake ©0.250 13233 13233 13233 13233
Cr. Value @ 0.150 20723 20723 20723 20723
Cr Vshia &0 100 2 MeS 9 Mnee 2 MEec 2 MNeS 2 neg M
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