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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 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" 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 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
m‘fﬂ’g of events >0.05 system Hypergeometric 0.0000 5.0000
r'}']‘fr?a?:sr of events >0.30 system 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

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

11  Service parameter 1 —average circuit outage rate

111 Lines outage rate —fault (continuous)

Findings:
e A-D fit statistic: Erlang distribution best fit, standard deviation 0.0606
e K-S fit statistic: Weibull distribution best fit, standard deviation 0.0583
e A-D preferred (Erlang) due to data falling in both middle and tails of distribution
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Fitting probability distributions to Service Component data

Figure 1.1: Lines outage rate (fault) — distribution fit using A-D

Al @RISK - Fit Results
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10% 0.16807 0.17600
@RISK Trial Version 15% 0.18807 0.18801
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Fitting probability distributions to Service Component data

Figure 1.2: Lines outage rate (fault) — statistics table using A-D

UNCONTROLLED WHEN PRINTED

illy, @RISK - Fit Results =8
p—g
Fit Ranking 7 Input; Erlang InvGauss Gamma Lognorm Lognorm2 Pearson5 -
Fit A-D || =/ Rankings By Fit Statistic [14 Valid Fits]
¥ Erlang 0.2511 | |akaike (AIC) #6 #7 #5 #3 (Tie) #3 (Tie) #10
:: ngauss Eizz: Bayesian (BIC) #4 #5 #3 #6 (Tie) #6 (Tie) #3
O L:gmn“;fm omes | |chiSastastc #1(Tie) #1(Tie) #1(Tie) #1(Tie) #1(Tie) #1(Tie)
M Lognormz 0.2555 K-5 Statistic =4 =7 #8 #5 (Tie) #5 (Tie) #
[T Pearsons 0,2596 A-D Statistic #1 w2 #3 #4 #5 #6
l___ Pearsoné 0.2596 | =/ Parameters - [* Values unavailable without running a bootstrap]
LT wesbu Num. Est. Parameters 2 2 2 2 2 2
": Eé"::'gh Fitted Parameter #1 m mu alpha mu mu alpha
r E:;n:ym Fitted Value 17 0.2458 17.276 0.25002 -1.4162 16.672 1z
I Chisg 95% Lower Limit™ N/A N/A N/A N/A MNA MNfA o
T Lewy 95% Upper Limit* N/A /A N/A N/A /A N/A
[ Triang Conf. Interval Width™ NfA NfA NfA NfA N/A NfA
[ Getace Fitted Parameter #2 beta lambda beta sigma sigma beta
": - Fitted Value 0.0147 4.0744 0.0145 0.062128 0.24479 3.9246 (]
[ . 95% Lower Limit™ NfA NfA NfA NfA N/A MNfA
| Il '95% Upper Limit*® NfA NfA NfA NfA N/A N/A
Conf, Interval Width™ NfA NfA NfA NfA MN/A MNfA
Fitted Parameter #3
Fitted Value 25
95% Lower Limit™
'95% Upper Limit*® (]
Conf. Interval Width™
| Distribution Statistics
Minimurm 0.1581 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Maximum 0.3250 +Infinity +Infinity +Infinity +Infinity +Infinity +Infinity
Mean 0.2458 0.2498 0.2458 0.2438 0.2500 0.2500 0.2504 0.2
Mode 0.1720 [est] 0.2351 0.2279 0.235%4 0.2285 0.2285 0.2221 0.2
Median 0.2437 0.2450 0.2424 0.2450 0.2426 0.2426 0.2402 0.2
Std. Deviation 0.0859 0.0808 0.0619 0.0601 0.0621 0.0521 0.0654 0.0
Skewness -0.0404 0.4851 0.7429 0.4312 0.7608 0.7608 11207
Kurtosis 0.9585 3.3529 3.5198 3.3473 4.0467 4.0467 5.5060 E
] 3
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— .
Figure 1.3: Lines outage rate (fault) — distribution fit using K-S
@RISK - Fit Results —
Fit Ranking - N . R Statistics
Fit Comparison for Line outage rate (fault) |
i IG5 RiskWeibull(4.9191,0.27325) T
¥ weibul 0.2243 Minimum 0.16807 0.00000
" Pearsons 0.2254 50% 90.0% Maximum 0.32500 +oa
[T Pearsons 0.2264 3.7% B1.7% Mean 0.24383 0.25065
[ Erlang 0.2289 141 Made =0.17199 0.26091
r Lognorm 0.2277 Median 0.24370 0,25363
™ Lognorm2 0.2277 Std Dev 0.085%0 0.05827
I InvGauss 0.2279 Skewness -0.0404 -0.2427
[ Gamma 0.2285 13 Kurtosis 0.9585 2.8681
r Triang 0.2853 Left X 0.1681 0.1681
™ Rayleigh 0.3486 LeftP 5.0% 8.7%
™ Uniform 0.4137 Right X 0.3250 0.3250
T Expon 0.4857 104 Right P 95.0% 90.49%
I chisg 0.5686 Dif. X 0.15693 0.15693
I Lewy 0.6053 Dif. P 90.0% 81.7%
[ se 1% 0.16807 0.10726
i 5% 0.16807 0.14339
O 81 10% 0.16807 0.17293
[y @RISK Tr'lal Vers"on 15% 0.18807 0.18885
Ll For Evaluation Purposes Opl 2k 016507 020143
P ¥ 25% 0.20661 0.21211
6 30% 0.20661 0.22159
35% 0.20661 0.23025
0% 0.20861 0.23837
45% 0.24370 0.24612
P 30% 0.24370 0.25363
35% 0.24370 0.26103
60% 0.30579 0.26844
65% 0.30579 0.27596
0% 0.30579 0.2837%8
21 75% 0.30579 0,29201
80% 0.30575 0.30101
85% 0.32500 0.31124
90% 0.32500 0.32374
0 95% 0.32500 0.34153
5 2 g 2 n a 9 2 ! 2 |og% 0.32500 0.37273
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Fitting probability distributions to Service Component data

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

{li, @RISK - Fit Results — oo
Input! Weibull Pearson5 Pearsoné Erlang Logniorm Lognarm2 -
Fit K-5|| = Rankings By Fit Statistic [14 Valid Fits]
[ weibul 0.2243 | |akaike (AIC) #4 #10 #14 #6 #8 (Tie) 8 (Tie)
Il Pearsons 0.2264 | layesian (BIC) #2 # #9 #4 #6 (Tie) #6 (Tie)
:: :;:’:;”6 E:ii; (Chi-5q Statistic #1 (Tie) #1(Tie) #1(Tie) #1(Tie) #1(Tie) #1(Tie)
T Lognorm 0.2277 | [R5 Statistic #1 =2 #3 =4 =5 (Tie) #5 (Tie)
™ Lognorm2 0,2277 | |A-D Statistic #3 =6 #7 #1 #4 #3
T InvGauss 0.2279 | =|Parameters - [* Values unavailable without running a bootstrap]
I Gamma 0.2285 | um. Est. Parameters 2 2 3 2 2 2
I': -IIR—Z:*TEgigh g :ﬁ;; Fitted Parameter 1 alpha alpha alphal m mu mu
™ Uniform 0.4137 Fitted Value 4.9191 16.672 13423160.2 17 0.25002 -1.4162 _
0.4397 | [35% Lower Limit* A MfA A MfA M/A MfA
0.5685 95%s Upper Limit™ MjA MfA MjA MfA MN/A MfA
0.6053 Conf, Interval Width*® M/A MfA M/A MfA M/A MfA
J" Fitted Parameter #2 beta beta alpha2 beta sigma sigma
'H Fitted Value 0.2733 3.9296 16.672 0.0147 0.062129 0.24479
) . 195% Lower Limit™ MN/A NfA MN/A NfA MN/A NfA
w 95% Upper Limit™ MN/A NfA MN/A NfA MN/A NfA
Conf. Interval Width™ /A NfA /A NfA N/A NfA
Fitted Parameter 3 beta
Fitted Value 2,92373E-07
'95%: Lower Limit™ M/A
95%s Upper Limit™ MjA
Conf. Interval Width* MN/A
~| Distribution Statistics
Minimum 0.1681 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Maximum 0.3250 +Infinity +Infinity +Infinity +Infinity +Infinity +Infinity
Mean 0.2498 0.2507 0.2504 0.250419328 0.2498 0.2500 0.2500
Mode 0.1720 [est] 0.2609 0.2221 0.222078473 0.2351 0.2285 0.2285
Median 0.2437 0.2536 0.2402 0.240183745 0.2450 0.2426 0.2426
Std. Deviation 0.0659 0.0583 0.0654 0.065375818 0.0608 0.0621 0.0621
| Skewness -0.0404 -0.2427 1,1207 1.1207 0.4851 0.7608 0.7608
I Kurtosis 0.9585 2.8682 5.5060 5.5060 3.3529 4.0467 4.0467 iR
0 “ b
@ | [!| % ‘ A ‘ %| |%| éﬁ |m Back Write To Cell ‘ Close |

1.1.2 Lines outage rate —forced (continuous)
Findings:
o 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)
o K-S fit statistic: Lognorm distribution best fit, standard deviation 0.01518
o K-S preferred (Lognorm) due to data concentrated in middle of distribution
ISSUE 3 28/10/2015 714

UNCONTROLLED WHEN PRINTED



Fitting probability distributions to Service Component data

Figure 2.1: Lines outage rate (forced) — distribution fit using A-D

Al @RISK - Fit Results

i Ra_"k'"g = Fit Comparison for Line outage rate (forced) | Statistics
Fit AD RiskGamma(24.845,0.0015469) B out| Gonma)
W Gamma 0.2371 0.1240 0.1681 Minimum 0.123970 0.00000
- Erlang 0.2375 5.0% Maximum 0.168070 +o
™ weibul 0.2400 5.8% Mean 0.145719 0.14572
™ Logrorm2 0.2405 30 Mode =0,142713 0.14517
- Lognorm 0.2405 Median 0.142850 0.14520
T InvGauss 0 Std Dev 0.016733 0.01507
[T Pearsons 0 45 Skewness -0.1008 0.2054
| ™ Pearsons Kurtosis 27776 3.0833
[T Rayleigh Left ¥ 0.1240 0.1240
7 Expon 40 Leftp 5.0% 5.9%
™ Uniform Right X 0.1681 0.1681
T Levy Right P 95.0% 91.7%
7 chisg & Dif. X 0.044100 0.04410
[T Triang Dif. P 90.0% 85.8%
O Fetace 0 1% 0.123970 0.11396
I | iy 5% 0.123970 0.12285
o . | 10% 0.123970 0.12777
O paretoz - @RISK Trial Version 15% 0.123970 0.13117
[ pere For Evaluation Purposes |Only 0% 0.123970 0.13391
25% 0.141670 0.13529
20 30% 0.141670 0.13845
35% 0.141670 0.14048
40% 0.141670 0.14242
15 45% 0.142850 0.14432
50% 0.142850 0.14520
55% 0.142850 0.14810
10 60% 0.157025 0.15004
65% 0.157025 0.15207
70% 0.157025 0.15423
5 75% 0.157025 0.15658
80% 0.157025 0.15922
85% 0.168070 0.16234
o T 7 7 ? 7 7 90% 0.158070 0.16632
] 3 =] S 3 2 E o = E = 5 95% 0.168070 0.17234
s = = = = = = = = = = = leg% 0.168070 0.18402
@ | Ilj.l-‘ £=-|| E 2 | %| .’fj;‘| H | Back Write To Cell | Closs |
Figure 2.2: Lines outage rate (forced) — statistics table using A-D
Ak, @RISK - Fit Results — b= = e
Fit Ranking - Input Gamma Erlang Weibull Lognorm2. Lognorm -
Fit a-D | =/ Rankings By Fit Statistic [14 Valid Fits]
V¥ Gamma 0.2371 | [akaike (AIC) #1 £2 #5 #4 (Tie) #4 (Tie)
F E;:Eﬁ" Ei:;; Bayesian (BIC) £1 %2 #6 #4 (Tie) #4(Tie)
I Lognorm2 0.2905 Chi-5g Statistic #1(Tie) #1(Tie) #1(Tie) #1(Tie) #1(Tie)
I Lognorm 0.2405 K-5 Statistic #4 #5 #3 #2 #1
M InvGauss 0.2405 | A-D Statistic #1 #2 #3 #4 #5
[T Pearsons 0.2449 | =/ Parameters - [* Values unavailable without running & bootstrap]
[ Pearsons 0.2949 | num, Est. Parameters 2 2 2 2
F Rayleigh 14858 Fitted Parameter #1 alpha m alpha mu mu
r E);;Unl:m 12222 Fitted Value 94.845 95 11.179 -1.9245 0.14673 |
[ Levy 2.3375 | |95% Lower Limit® NJA NJA NfA NfA NfA
I chisq 95% Upper Limit*® M/A MN/A MfA M/A MfA
[ Triang Conf. Interval Width™ N/A N/A /A A i
T Betaceneral Fitted Parameter #2 beta beta beta sigma sigma
F iﬂar; Fitted Value 0.00155 0.00154 0.1535 0.10320 0.015182
[ Paretoz 95% Lower Limit™ A NjA A /A N/A
O pert 35% Upper Limit*® NfA N/A NfA NfA N/A
Conf. Interval Width™ NfA N/A NfA NfA N/A
Fitted Parameter #3
Fitted Value
95% Lower Limit*®
95% Upper Limit*
Conf, Interval Width*
| Distribution Statistics
Minimum 0.1240 0.0000 0.0000 0.0000 0.0000 0.0000
Maximum 0.1681 +Infinity +Infinity +Infinity +Infinity +Infinity
Mean 0.1467 0.14672 0.14672 0.1457 0.14567 0.1467
Mode 0.1427 [est] 0.14517 0.14517 0.1522 0.1444 0.1444
Median 0.1429 0.14620 0.14620 0.1485 0.1459 0.1459
Std, Deviation 0.0167 0.01507 0.01505 0.0159 0.0152 0.0152
Skewness -0.1006 0.2054 0.2052 -0.6835 0.3115 0.3115
Kurtosis 2.7776 3.0633 3.06832 3.6911 3.1730 3.1730 N
< | M r
(7] | B| £=-| ‘ A| % | %| ﬁj‘ |m Back Wirite To Cell | Close |
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Fitting probability distributions to Service Component data

Figure 2.3 Lines outage rate (forced) — distribution fit using K-S

Al @RISK - Fit Results SHACE X
-
Fit Ranking e Fit Comparison for Line outage rate (forced) | Statistics -]
FLE == RiskLognorm(0.14673,0.015182) BN out|  Lognom)
= Lognorm 0.1366 0.1240 0.1681 Minimum 0.123970 0.00000
[T Lognormz 0.1886 5.0% Maximum 0.168070 +oa
M InvGauss 0.1859 5.7% Mean 0.145719 0.14573
™ Gamma 0.1887 504 Mode =0.142713 0.14440
r Erlang 0.1338 Median 0.142880 0.14595
" Pearsong 0.1932 Std Dev 0.016733 0.01518
[T Pearsons 0.1932 451 Skewness -0.1006 0.3115
I weibul 0.2385 Kurtosis 27776 3.1730
[ Rayleigh 0.5067 LeftX 0.1240 0.1240
| [T Triang 05441 0 Leftp 5.0% 5.7%
[ Expon 0.5704 Right X 0.1681 0.1681
™ Uniform 0.5901 Right P 95.0% 91.4%
I Lewy 06473 91 Dif. X 0.044100 0.04410
™ chisg 0.6318 Dif. P 90.0% 85.7%
{mg 0 1% 0.123970 0.11480
r 5% 0.123970 0.12317
[ . ! 10% 0.123970 0.12787
(i 55 @RISK Trial Version 15% 0.123970 0.13115
[y For Evaluation Purposes| Onk 20% 0.123970 0.13381
25% 0.141670 0.13514
204 30% 0.141670 0.13826
35% 0.141670 0.14026
40% 0.141670 0.14218
15 4 45% 0.142860 0.14407
50% 0.142880 0.14595
55% 0.142880 0.14788
10 4 60% 0.157025 0.14982 I
65% 0.157025 0.15187
70% 0.157025 0.15407
54 75% 0.157025 0.15647
B80% 0.157025 0.15919
B85% 0.168070 0.15243
0 . . : y y : 90% 0.168070 0,16659
g g g z = = ] o st = = & [95% 0.168070 0.17295
< = = = = = = = = = = = |99% 0.168070 0.18555
@| '1!.1| £| E %| %| £9| H | Back | Write To Cell | Close |
Figure 2.4: Lines outage rate (forced) — statistics table using K-S
A ORSK iRt — -1
Fit Ranking - Input Lognorm Lognorm2 InvGauss Gamma Erlang -
Fit K-5|| =| Rankings By Fit Statistic [14 Valid Fits]
V! Lognorm 0.1856 | |akaike (AIC) #4(Tie) #4 (Tie) 23 = 2
Il Lognormz 0.1888 Bayesian {(BIC) #4 (Tie) #4(Tie) #3 # #2
l': :;nfn‘::ss g i::i Chi-Gq Statistic #1 (Tie) £1(Tie) £1(Tie) #1 (Tie) £1 (Tie)
I Erfang 0185 | |5 Statistic #1 #2 #3 #4 #5
[T Pearsons 0,132 A-D Statistic #5 w4 w6 #1 72
[T Pearsons 0.1932 | | Parameters - [* Values unavailable without running a bootstrap]
[T wieibul 0.2385 | num. Est. Parameters 2 2 2 2 2
F Réyleigh 0-5087 | Eied Parameter #1 mu mu mu alpha m
- ;‘;22 E::‘D‘; Fitted Value 0.14673 -1.9245 0.1467 94,545 95 33
I Uniform 0.5001 | [95% Lower Limit= NfA NjA NjA NfA NfA e
[T Levy 0.6473 95% Upper Limit® MfA MN/A NjA M/A MN/A
[T chisg 0.6818 Conf. Interval Width® MfA N/A NfA MfA MfA
- Fitted Parameter #2 sigma sigma lambda beta beta
l': ; Fitted Value 0.015182 0.10320 13.7156 0.00155 0.00154
- | 35% Lower Limit* N/A /A NfA NfA NfA
ml 95% Upper Limit* N/A /A NfA NfA NfA
Conf. Interval Width® MfA /A Nja MjA MN/A
Fitted Parameter #3
Fitted Value 33
95% Lower Limit™
95% Upper Limit™
Conf, Interval Width=
| Distribution Statistics
Minimum 0.1240 0.0000 0.0000 0.0000 0.0000 0.0000
Maximum 0.1681 +Infinity +Infinity +Infinity +Infinity +Infinity
Mean 0.1467 0.1467 0.1467 0.1467 0.14672 0.14672 0.1
Mode 0.1427 [est] 01444 01444 0.1444 0.14517 0.14517 o1
Median 0.1429 0.1459 0.145% 0.1459 0.145620 0.14620 o1
Std, Deviation 0.0187 0.0152 0.0152 0.0152 0.01507 0.01505 0.0
Skewness -0.1006 0.3115 0.3115 0.3103 0.2054 0.2052
Kurtosis 27776 3.1730 3.1730 3.1605 3.0633 3.0832 i
] b
@ | u| £='|| &| %‘ %| -r? |m Back Write To Cell | Close | f
ISSUE 3 28/10/2015 9/41

UNCONTROLLED WHEN PRINTED



Fitting probability distributions to Service Component data

1. Reactive plant outage —fault (continuous)

Findings:

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

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

e A-Dpreferred (LogLogistic) due to data concentrated near tails of distribution

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

ll, @RISK - Fit Results

Fit i -

Fit AD
¥ LogLogistic 0.3800
[T Pearsons 0.4156
[ InvGauss 0.4199
- Lognorm 0.4207
r Lognorm2 0.4207
[ Pearsons 0.4242
[T Gamma 0.4271
O Erlang 0.4310
[ weibul 0.4454
[T Rayleigh 0.7227
[T uniform 0.9167
[ Paretoz 1.3489
T Expon 1.3489
[T chisq 1.4825
[ Lewy 1.9275
r Triang —
[T BetaGeneral —
O Fareto VA

Fit Comparison for Reactive plant outage rate (fault)
RiskLoglogistic[0,0.34787,6.2555)
0.471

0.257

5.0%

13.1%

=

© ||| [ eeli<] | m|

0.0 7

01

| S
| statistics |
-
Minimum 0.25714 0.00000
5 0% | Maximum 0.47143 +o3
3.0% | Mean 0.36000 0.36294
Mode =0.26250 0.33039
Median 0.34286 0.34787
Std Dev 0.10071 0.11099
Skewness 0.2089 1.7091
Kurtosis 0.0640 13.2251
LeftX 0.257 0.257
Leftp 5.0% 13.1%
Right X 0.471 0.471
Right P 95.0% 87.0%
Dif. % 0.21429 0.21429
Dif. P 90.0% 73.9%
1% 0.25714 0.16688
5% 0.25714 0.21727
10% 0.25714 0.24483
15% 0.25714 0.25363
20% 0.25714 0.27872
25% 0.27143 0.29184
30% 0.27143 0.30380
35% 0.27143 0.31509
40% 0.27143 0.32604
45% 0.34286 0.33689
50% 0.34286 0.34787
55% 0.34286 0.35921
60% 0.45714 0.37116
65% 0.45714 0.38406
70% 0.45714 0.39833
75% 0.45714 0.41466
80% 0.45714 0.43417
85% 0.47143 0.45303
| oy (90% 0.47143 o.ag4z7| |
o ~ o (85% 0.47143 0.55598
D D = g% 0.47143 0.72517| =
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Fitting probability distributions to Service Component data

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

[l @RISK - Fit Results I — =&
Fit Ran - Input LogLogistic Pearsons InvGauss Lognarm Lognarm2 -
Fit AD||=IFit
¥ Loglogistic 0.3800 |  |Function =Riskloglogistic{0.. =RiskPearson5{15.. =RiskInvGauss({d... =RiskLognorm({0.3.. =Risklognorm2(-1.. =RiskPear
[ Pearsons 04156 | yethod MLE MLE MLE MLE ME  ME
[T tnvGauss 0.4199 - —l o
I Lognorm 04207 | = Rankings By Fit Statistic [17 Valid Fits)
I Lognorm2 0407 | |Akaike (AIC) #11 #5 #4 #5 (Tie) #6 (Tig)
[ Pearson 0.4242 | [Bayesian (BIC) =3 =3 =2 #4(Tie) =4 (Tie)
[T Gamma 0.4271 Chi-5q Statistic #1 (Tie) #1 (Tie) #1(Tie) #1 (Tie) #1 (Tie)
[T Eriang 0.4310 | |¢-5 Statistic #1 #3 #4 #6 #5
[ webul 04454 | lap statistic 1 =2 3 #4 (Tie) #4 (Tie)
[T Rayleigh 0.7227 . .
I Uniform 0.9167 | Parameters - [* Values unavailable without running a bootstrap]
[ Pareto2 1.3439 Mum, Est. Parameters 2 2 2 2 2 —
Expon 1.3489 Fitted Parameter #1 beta alpha mu mu mu
p
r ChiSg 1.4825 Fitted Value 0.3479 15.981 0.3600 0.368007 -1.0535
[ Levy 18275 | la5% Lower Limit= NfA NfA NfA NfA NfA
[ Triang | |os% Upper Limit* NjA NjA NjA NjA NjA
BetaGeneral -—
[mi Conf. Interval Width™® NfA NfA NfA NfA MfA
[l Fitted Parameter #2 alpha beta lambda sigma sigma
Fitted Value 6.2555 5.3997 5.4971 0.092578 0.25301
95% Lower Limit™ N/A N/A N/A NfA MfA
95% Upper Limit* N/fA N/fA N/fA NfA NfA
Conf. Interval Width™® N/A N/A N/A N/A N/A
Fitted Parameter #3
Fitted Value
95% Lower Limit®
95% Upper Limit™
Conf. Interval Width™
=| Distribution Statistics
Minimum 0.2571 0.0000 0.0000 0.0000 0.0000 0.0000
Madimum 0.4714 +Infinity +Infinity +Infinity +Infinity +Infinity
Mean 0.3600 0.3629 0.3604 0.3600 0.3601 0.3601
Mode 0.2625 [est] 0.3304 0.3180 0.3264 0.3271 0.3271
Median 0.3429 0.3479 0.3450 0.3486 0.3487 0.3487
Std, Deviation 0.1007 0.1110 0.0964 0.0921 0.0926 0.0926
Skewness 0.2089 17091 1.1522 0.7677 0.7883 0.7883
Kurtosis 0.0640 13.2248 5.6582 3.9823 4.1250 4.1250 alia
1 +
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Figure 3.3: Reactive plant outage (fault) — distribution fit using K-S

UNCONTROLLED WHEN PRINTED

il @RISK - Fit Results =ARC X
Fit Ranking - . i . Statistics -
= Fit Comparison for Reactive plant outage rate (fault) | o] oot |
i — = RiskLogLogistic(0,0.34787,62555) BN [nout]  Loologistc)[ee
1= Loglogistic 0.2467 0,257 0.471 Minimum 0.25714 0.00000
[ weibl 0.2554 A A | Maimum 0.47143 +o0
[T Pearsons 0.2566 TEREA .05 | Mean 0.36000 0.35294
T InvGauss 0.2575 10 Mode =0.26250 0.33039
r Lognorm2 0.2577 Median 0.34286 0.34787
r Lognaorm 0.2577 Std Dev 0,10071 0.1109%
[T Pearsons D282 ¢ Skenness 0.2089 1.7091
[ camma 0.2584 Kurtosis 0.0640 13.2351
[T Erlang 02552 Left X 0.257 0.257
03115 8 LeftP 5.0% 13.1%
r Triang 0.3403 Right X 0.471 0.471
[T Rayleigh 0.3813 Right P 95,0% 87.0%
[ Uniform D434 7 Dif. % 0.21429 0.21429
NI chisg 0.4323 Dif. P 30.0% 73.9%
[ Pareto? 0.5105 1% 0.25714 0.16638
[T Expon 055 © 5% 0.25714 0.21727
- 0.6028 10% 0.25714 0.24483
[ 15% 0.25714 0.26363
|y 5 0% 0.25714 0.27872
25% 0.27143 0.29184
R 30% 0.27143 0.30330
35% 0.27143 0.31509
40% 0.27143 0.32604
. 45% 0.34286 0.33689
50% 0.34286 0.34787
559 0.34286 0.35821
5 0% 0.45714 0.37116
65% 0.45714 0.33406
0% 0.45714 0.39833
, 75% 0.45714 0.41466
80% 0.45714 0.43417
55% 0.47143 0.45903
0 . 90% 0.47143 0.48427| |
- = - 2 " @ [35% 0.47143 0.55698
< = = = = = loge 0.47143 0.72517| =
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Fitting probability distributions to Service Component data

Figure 3.4: Reactive plant outage (fault) — statistics table using K-S

',ﬁ @RISK - Fit Results SRR X
Fit Ranking - Input’ LoglLogistic Weibull Pearson5 InvGauss Lognorm2 -
Fit K-5| =!Fit
¥ Loglogistic 0.2467 | |Function =RiskLoglogistic(0.. =RiskWeibull(4.55.. =RiskPearson5({15.. =RiskInvGauss(0... =RiskLognorm2(-1.. =RiskLogr
[ weibul 0.255% | ethod MLE MLE MLE MLE MLE
[T Pearsons 0.2565 o o
™ InvGauss 0.2575 | = Rankings By Fit Statistic [17 Valid Fits]
7 Lognorm2 02577 | Akaike (ALC) #11 #10 #5 #4 #6 (Tie)
™ Lognorm 0.2577 | [Bayesian (BIC) #9 #8 # # #4 (Tie)
[T Pearsons 0.2582 | [Chi-5q Statistic #1(Tie) #1 (Tie) #1 (Tie) #1(Tie) #1 (Tie)
[ Gamma 0.2584 | k-5 statistic 1 2 3 24 25
I Erlang 0-2592 | a1 statistic #1 #9 ) #3 #4(Tie)
[T BetaGeneral 0.3115
I Triang 0.3402 | Parameters - [* Values unavailable without running a bootstrap]
[ Raykigh 0.3313 Mum. Est. Parameters 2 2 2 2 2 —
Uniform 0.4364 i 'arameter ¥ = alpha alpha mu mu
o Fitted P: ter #1 beta Iph: Iph:
I chisg 0.4923 Fitted Value 0.3479 4,5582 15.981 0.3600 -1.0535
[T paretoz 0.5105 | 'g5%; Lower Limit* N/A NfA N/A NfA N/A
I Expon 05105 | o car | ypper Limits NfA /A NJA /A NJA
T Lewy 0.6028
[ poets | canf. Interval width® NfA My N/A N/A N/A
O Pert i | [Fitted Parameter #2 alpha beta beta lambda sigma
Fitted Value 5.2555 0.3955 5.3997 5.4971 0.25301
95%0 Lower Limit™ N/A MfA N/A MfA N/A
95% Upper Limit™ N/A A N/A A N/A
Conf. Interval Width* NfA MN/A NjA MN/A NjA
Fitted Parameter #3
Fitted Value
95% Lower Limit™
95% Upper Limit*
Conf, Interval Width™
- | Distribution Statistics
Minimum 0.2571 0.0000 0.0000 0.0000 0.0000 0.0000
Maximum 0.4714 +Infinity +Infinity +Infinity +Infinity +Infinity
Mean 0.3600 0.3629 0.3612 0.3604 0.3600 0.3601
Mode 0.2625 [est] 0.3304 0.3746 0.3180 0.3264 0.3271
Median 0.3429 0.3479 0.3850 0.3450 0.3486 0.3487
Std, Deviation 0.1007 0.1110 0.0201 0.0964 0.0921 0.0926
Skewness 0.2089 1.7091 -0.1875 1,1522 0.7677 0.7383
Kurtosis 0.0640 13.2248 2.8158 5.6532 3.9823 4.1250 g
] 1 r
©|m|E| alee|te|ar]m Write To Cell Close

2. Reactive plant outage —forced (continuous)

Findings:
o 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)
o K-S fit statistic: LogLogistic distribution best fit, standard deviation 0.12073
o A-D preferred due to data concentrated near tails of distribution, however prefer the
second best fit (Erlang) which has a superior standard deviation
ISSUE 3 28/10/2015 12/41
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Fitting probability distributions to Service Component data

Figure 4.1: Reactive plant outage (forced) — distribution fit using A-D (two best fits)

Al @RISK - Fit Results

Fit
Loglogistic
Erlang
Gamma
Lognorm2
Lognorm
InvGauss
Pearson5
Weibull
Rayleigh
Pert
Uniform
Expon
Pareto2
Chisg
Levy
Triang
BetaGeneral

i e e e e e e e e e o o e+

P
P

Fit Ranking -

AD
0.3386
0.3427
0.3555
0.3558
0.3558
0.3572
0.3659
0.3750
0.4489
0.4795
0.5659
L0721
L0721
1.5523
1.6562

o] @] [a peled

0.143

0.156

= =) R
Fit Comparison for Reactive plant outage rate (forced) Statistics
RiskLoglLogistic(0,0.25597456111) (—________——_
RiskErlang(8,0.033571) Minimum 0.14286 0.00000
0.386 Maximum 0.38571 +oz
90.0% 5% | [Mean 0.26857 0,27650
80.5% 13.1% | [Mode %0,23393 0.23264
Median 0.22857 0,25597
Std Dev 0.10071 0,12073
Skewness 0.0765 29332
Kurtosis 1.1327 49,9706
Leftx 0.143 0,143
LeftP 5.0% 6.4%
Right X 0.33 0,336
Right P 95.0% 86.5%
Dif. X 0.24285 0.24285
Dif. P 90.0% 80.5%
1% 0.14286 0.09449
5% 0.14286 0.13517
10% 0.14286 0.15854
15% 0.14286 0.17572
20% 0.14286 0.18951
25% 0.22857 0.20171
30% 0.22857 0,21300
35% 0.22857 0,22381
0% 0.22857 0.23842
45% 0.22857 0,24507
50% 0.22857 0.25557
55% 0.22857 0.26736
50% 0.35714 0.27950
55% 0.35714 0.29275
0% 0.35714 0.30760
75% 0.35714 0.32483
80% 0.35714 0,34575
85% 0.38571 0.37287
0% 0.38571 o422 |
_ o - o [95% 0.33571 0,48474
A = -y 5 [og% 0.38571 0.69339 -
= S B s, N
Back | Write To Cell | Close ‘

Figure 4.2: Reactive plant outage (forced) — statistics table using A-D

lﬂ @RISK - Fit Results ‘ _— ==
Fit Ranking - Input LoglLogistic Erlang Gamma Lognorm2 Lognorm -
Fit AD || =IFit
¥ Loglogistic 0.3386 | |Function =Riskl oglogistic(0.. =RiskErlang(8,0.0.. =RiskGamma(8.31.. =RiskLognorm2(-1.. =RiskLognorm(0.2.. =RiskIn
I Erlang 03827 | Iviethod MLE MLE MLE MLE MLE
[C Gamma 0.3555
™ Lognorm2 03555 |~ Rankings By Fit statistic [17 valid Fits]
r Lagriorm 0.3558 Akaike (AIC) #13 =7 #6 #9 (Tie) #9 (Tie)
M InvGauss 0.3572 | |Bayesian (BIC) #11 #6 #5 #8 (Tie) #8 (Tie)
[T Pearsons 0.3659 Chi-5q Statistic #1 (Tie) #1 (Tie) #1(Tie) #1 (Tie) #1(Tie)
[ weibui 0.3750 | |5 Statistic #1 # 27 #4 #5
I Rayleigh 04483 | s p Statistic #1 £ #3 #4 #5
T Pert 0.4795
M Uniform 0.5559 | Parameters - [* Values unavailable without running a bootstrap]
™ Expon 1.0721 Num. Est. Parameters 2 2 2 2 —
I Pareto2 1.0721 | |Fitted Parameter #1 beta m alpha mu mu
- Chisg 1.5523 Fitted Value 0.2560 8.3118 -1.3760 0.26939
[ Levy 1.6562 | |g59; Lawer Limit* /A NfA NjA NfA NjA
[ Triang | |a5% Upper Limit= NjA NfA NjA NfA NjA
[ BetaGeneral
r Conf, Interval Width* N/A MfA N/A MfA MfA
N Pe Fitted Parameter #2 alpha beta beta sigma sigma
Fitted Value 46111 0.0336 0.0323 0.35887 0.099872
95% Lower Limit™ N/A N/A /A /A NfA
95% Upper Limit™ N/A N/A N/A N/A N/A
Conf. Interval Width® N/A N/A /A /A /A
Fitted Parameter #3
Fitted Value
95% Lower Limit™
95% Upper Limit™
Conf, Interval Width™
| Distribution Statistics
Minimum 0.1429 0.0000 0.0000 0.0000 0.0000 0.0000
Madimum 0.3857 +Infinity +Infinity +Infinity +Infinity +Infinity
Mean 0.2686 0.276% 0.2686 0.2686 0.2654 0.2694
Mode 0.2339 [est] 0.2326 0.2350 0.2363 02221 0.2221
Median 0.2286 0.2560 0.2575 0.2579 0.2528 0.2526
Std, Deviation 0.1007 0.1207 0.0950 0.0932 0.0999 0.0999
Skewness 0.0765 2.9332 0.7071 0.6937 1.1832 1.1632
Kurtosis 1.1327 - 49,9685 3.7500 3.7219 5.4935 5.4935 a2
'l n r
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Fitting probability distributions to Service Component data

Figure 4.3: Reactive plant outage (forced) — distribution fit using K-S

il @RISK - Fit Results

Fit Ran = Fit Comparison for Reactive plant outage rate (forced) | statistics
FLE =2 RiskLogLogistic(0,0.2558745111) | T

Il LogLogistic 0.2275 0.143 0.386 Minimum 0.14286 0.00000
[T Pearsons 0.2291 5.0% T0% | Maximum 0.38571 4o
- Erlang 0.2319 5.4% 13.1% | Mean 0.26857 0.27690
[l Lognarm2 0.2328 94 Mode =0,23393 0.23264
- Lognarm 0.2328 Median 0.22857 0.25597
[T InvGauss 0.2334 Std Dev 0.10071 0.12073
[ Gamma 0.2354  §4 Skewness 0.0785 29382
[T Triang 0.2573 Kurtosis 11327 49,9706
[T weibul 0.2717 LeftX 0,143 0,143
[T Rayleigh 0.2785 7 | LeftP 5.0% 6.4%
™ Uniform 0.2963 Right X 0,336 0,336
7 Pert 0.3066 Right P 95.0% 86.9%
BetaGeneral 0.3409 | Dif, X 0.24285 0.24285
[ Expon 0.4125 Dif. P 90.0% 30.5%
[T Pareto2 0.4125 1% 0.14236 0.09443
[T chisq 0.5346 ; 5% 0.14236 0.13517
T Lewy 0.5664 ] T 10% 0.14236 0.15394
[y @ Trial Vi bn 15% 0.14236 0.17572
[ For E tian Purp Oﬂ|‘," 0% 0.14286 0.18951
41 25% 0.22857 0.20171
30% 0.22857 0.21300
35% 0.22857 0.22381
34 40% 0.22857 0.23442
45% 0.22857 0.24507
50% 0.22357 0.25597
24 55% 0.22357 0.26736
60% 0.35714 0.27950
65% 0.35714 0.29275
. 0% 0.35714 0.30760
75% 0.35714 0.32483
80% 0.35714 0.34575
35% 0.38571 0.37287

UD T © T o - o [30% 0.38571 0.41222| |
=] g L & hed i '8 |a5% 0.38571 0.48474

< ° = = = lage 0.38571 0.69339| ~

Q)| 'd.t| g\ ’I I%| I%‘,;’ﬂ & | Back | Write To Cell | Close |

Figure 4.4: Reactive plant outage (forced) — statistics table using K-S

Al @RISK - Fit Results

= | (=]

Fit Rankii hd Input LogLogistic Pearson5 Erlang Lognarm2 Lognaorm -
Fit K-5||=/Fit
¥ LogLogistic 0.2275 | |Function =RiskLogLogistic(0.. =RiskPearson5(7... =RiskErlang(3,0.0.. =RiskLognorm2(-1.. =RiskLognorm{0.2.. =RiskIn
[ Pearsons 0.2281 | ethod MLE MLE MLE MLE MLE
Ilz f:;:frmz Ei;; | Rankings By Fit Statistic [17 Valid Fits]
Il Lagnorm 0.2328 Akaike (AIC) #13 %12 =7 #9 (Tie) #9 (Tie)
I InvGauss 0.2334 | |Bayesian (BIC) #11 #10 #6 #3 (Tie) #8 (Tie)
™ Gamma 0.2354 | |Chi-5q Statistic #1 (Tie) #1 (Tie) #1 (Tie) #1 (Tie) #1 (Tie)
[" Triang 0.2573 | |5 statistic # #2 #3 #4 #5
I weibul 02717 | la b statistic #1 #7 #2 #4 #5
[T Rayleigh 0.2785
™ Uniform 0.2083 |~ Parameters - [* Values unavailable without running a bootstrap]
™ Pert 0.3066 Mum. Est. Parameters 2 2 2 2 —
r.... BetaGeneral 0.340% Fitted Parameter #1 beta alpha mu mu
r Expon 0.4125 Fitted Value 0.2560 7.7561 8 -1.3750 0.26939
[ Paretoz 0.4125 | |g5%; Lower Limit= NfA NfA /A NfA NfA
I chisq 0.33%6 | loga; Upper Limit* N/A N/A N/A N/A N/A
T Levy 0.5664
r. Conf. Interval Width* Mfa MNfa Mfa A Mfa
(mly Fitted Parameter #2 alpha beta beta sigma sigma
Fitted Value 46111 1.8392 0.0338 0.35887 0.099872
95% Lower Limit™ MfA Mfa NfA NfA MfA
95% Upper Limit* N/A N/A N/A /A N/A
Conf. Interval Width™ MfA MNfA MfA NfA MfA
Fitted Parameter #3
Fitted Value
95% Lower Limit™
95% Upper Limit*™
Conf, Interval Width®
| Distribution Statistics
Minimum 0.1429 0.0000 0.0000 0.0000 0.0000 0.0000
Maximum 0.3857 +Infinity +Infinity +nfinity +Infinity +Infinity
Mean 0.2686 0.2769 0.2715 0.2686 0.2694 0.2694
Mode 0.2339 [est] 0.2326 0.2095 0.2350 0.2221 0.2221
Median 0.2286 0.2560 0.2470 0.2575 0.2526 0.2526
Std, Deviation 0.1007 0.1207 0.1132 0.0950 0.0993 0.0939
Skewness 0.0765 29332 2.0178 0.7071 1.1632 1.1632
Kurtosis 1.1327 45,9686 12,3305 3.7500 5.4985 5.4985 o
4 2
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Fitting probability distributions to Service Component data

3. Transformers outage —fault (continuous)

Findings:
e A-D fit statistic: Rayleigh distribution best fit, standard deviation 0.0959
e K-S fit statistic: Uniform distribution best fit, standard deviation 0.11277

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

Figure 5.1: Transformers outage (fault) — distribution fit using A-D

i\, @RISK - Fit Results E] ||
— —
F't . = Fit Comparison for Transformers outage rate (fault) | Statistics - a
Fit AD RiskRayl eigh(0.14644)
¥ Rayleigh 0.2306 0.0726 03125 Minimum 0.07258 0.00000
[ weibul 0.2585 90.0% Maximum 0.31250 +oo
- Erlang 0.2622 78.2% Mean 0.15901 0.18354
[ Pert 0.2736 97 Mode =0.07853 0.14644
[T Gamma 0.2781 Median 0.21260 0.17242
7 Loglogistic 0.2922 Std Dev 0.09461 0.09594
O Lognorm 0.3116 3 Skewness 0.0177 0.6311
- Lognorm2 0.3116 Kurtosis 1.9111 3.2451
[T 1nwGauss 0.3230 Left X 0.0726 0.0726
[ uniform 03249 4] LeftP 5.0% 11.6%
[T Pearsons 0.3554 Right X 0.3125 0.3125
[T Pearsons 0.3554 Right P 95.0% 89.7%
[T Pareto2 0.7103 Dif. X 0.23992 0.23992
| 7 Expon 0.7103 °] Dif. P 20.0% 73.2%
T Levy 1.2540 1% 0.07258 0.02076
[T chisq 1.7720 5% 0.07258 0.04690
[T Triang — 51 1 . 10% 0.07258 0.06722
- RISK Trial Version 15% 0.07258 0.08349
VA valuation Purposes Onl 20% 0.07258 0.09783
4 25% 0.11905 0.11108
30% 0.11905 0.12368
35% 0.11905 0.13593
3 0% 0.11905 0.14802
45% 0.21260 0.16013
50% 0.21260 0.17242
55% 0.21260 0.18506
21 60% 0.22835 0.12824
65% 0.22835 0.21218
70% 0.22835 0.22724
14 75% 0.22835 0.24334
30% 0.22835 0.26273
35% 0.31250 0.28525
0 a0% 0.31250 0.31426
g g8 g = o a £ 7 ] g 4 |95% 0.31250 0.35845
= = = = = = = = = = = lag% 0.31250 0.44442
i_:a)| 'm| £| IE %|%| g,j&| _|| Back Virite To Cell | Close |
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Fitting probability distributions to Service Component data

Figure 5.2: Transformers outage (fault) — statistics table using A-D

=nac)

@RISK - Fit Results
Fit Ranking - Input Rayleigh Weibull Erlang Pert Gamma -
Fit AD| =IFit
V| Rayleigh 0.2306 | |Function =RiskRayleigh(0.1.. =RiskWeibull{2.44.. =RiskErlang(4,0.0.. =RiskPert(0,0.179.. =RiskGamma(4.25.. =Risk
I webul 0.2585 | |yethod MLE MLE MLE MLE MLE
l': EV::I:Q 323'32‘62 ~|Rankings By Fit Statistic [18 Valid Fits]
™ Gamma 0.2781 Akaike [AIC) # 6 #8 # #7
™ LogLogistic 0.2922 | [Bayesian (BIC) #2 #5 # # #6
™ Lognorm 0.3116 Chi-5g Statistic #1(Tie) #1 (Tie) #1 (Tie) #1 (Tie) #1(Tie)
I Lognorm2 0.3116 | k-5 Statistic #5 #3 #6 #2 #7
T InvGauss 0.3230 A-D Statistic #1 =2 #3 #4 #5
F ::;:;:6 E;;:i =|Parameters - [* Values unavailable without running a bootstrap]
™ Pearsons 0.3554 Mum. Est. Parameters 1 2 2 2 2 —
[T Pareto2 0.7103 | [Fitted Parameter #1 b alpha m M. likely alpha
I Expon 07103 Fitted Value 0.1464 24482 0.1797 4.2577
[ Lewy 1.2540 | 959 Lower Limit™ /A N/A N/A N/A N/A
F crisq L7720 ey Upper Limit® NA NjA NA NjA NA
- EQ:Ggeneral | [conf. Tnterval width= N/A N/A NjA N/A NjA
| iy Fitted Parameter #2 beta beta Max beta
Fitted Value 0.2139 0.0473 0.4114 0.0444
95%: Lower Limit™ NfA MfA NfA MfA
95%: Upper Limit™ NfA MfA NfA MfA
Conf. Interval Width® NfA A NfA A
Fitted Parameter #3
Fitted value
'95% Lower Limit™
'95% Upper Limit™
Conf. Interval Width*
| Distribution Statistics
Mirtimum 0.0726 0,0000 0.0000 0.0000 0.0000 0.0000
Maximum 0.3125 +Infinity +Infinity +Infinity 0.4114 +Infinity
Mean 0.1890 0.1835 0.1897 0.1890 0.1884 0.1890
Mode 0.0786 [est] 0.1464 0.1726 0.1418 0.1797 0.14%
Median 0.2126 0.1724 0.1841 0.1735 0.1863 0.1744
Std. Deviation 0.0946 0.0958 0.0827 0.0945 0.0775 0.0316
Skewness 0.0177 0.6311 0.3822 1.0000 0.1116 0.9693
Kurtosis 1.9111 3.2451 2.8508 4.5000 2.3499 44092 -
“ n 3
@ | g| :_Al]‘ ﬂ| IZ| %| e ”j Back Write To Cell | Close ‘
Figure 5.3: Transformers outage (fault) — distribution fit using K-S
@RISK - Fit Results - l
e R:i:kmg = Fit Comparison for Transformers outage rate (fault) | Statistics
e [ i
V| Uniform 0.2154 0.0726 Fiskniierm(0,0.35083) 0.3125 Minimum 0.07258 0.00000
[T Pert 0.2180 T Maximum 0.31250 0.39063
T weibul 0.2268 61.4% Mean 0.18901 0.19532
[T LogLogistic 0.2505 9 Mode =0.07858 MfA
[T Rayleigh 0.2514 Median 0.21260 0.19532
[T Erlang 0.2576 Std Dev 0.09461 0.11277
[~ Gamma 0.2585 g Skewness 0.0177 0.0000
- Triang 0.2861 Kurtosis 1.9111 1.8000
[T Lognorm 0.2772 LeftX 0.0726 0.0726
r Lognorm2 0.2772 7 LeftP 5.0% 18.6%
[T InvGauss 0.2850 Right X 0.3125 0.3125
[~ Pearsons 0.2943 Right P 95.0% 80.0%
[T Pearsons 0.2943 Dif. X 0.23992 0.23992
[T Pareto2 0.3189 ° Dif. P 90.0% 61.4%
[T Expon 0.3182 1% 0.07258 0.00391
[T BetaGeneral 0.3961 5% 0.07258 0.01853
M Levy 0.5044 5 10% 0.07258 0.03906
[T chisq ISK Trial Version 15% 0.07258 0.05859
[ mi luation Purposes Onl 0% 0.07258 0.07813
4 25% 0.11805 0.09766
30% 0.11905 0.11719
35% 0.11905 0.13672
3 0% 0.11905 0.15625
45% 0.21260 0.17578
50% 0.21260 0.19532
55% 0.21260 0.21485
2 60% 0.22835 0.23438
65% 0.22835 0.25391
70% 0.22335 0.27344
1 75% 0.22835 0.29297
80% 0.22835 0.31250
85% 0.31250 0.33204
0 ey 90% 0.31250 0.35157
2] 38 2] 2 el 8 L] 2 7 2 95% 0.31250 0.37110
7 = = = = = = = = = log% 0.31250 0.38672
@ | HJ| £| E e | %| £§| Back Write To Cel | Close |
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Fitting probability distributions to Service Component data

Figure 5.4; Transformers outage (fault) — statistics table using K-S

= =]

@FRISK - Fit Results - -
- Input Uniform Pert Weibull LogLogistic Rayleigh -
K-5| = Fit
Unifarm 0.2154 | Function =RiskUniform(0,0... =RiskPert(0,0.179.. =RiskWeibull(2,44,. =Riskloglogistic(0.. =RiskRayleigh(D. 1., =Risk
I pert 0.2180 | lyethod MLE (Bias Correcte. . MLE MLE MLE MLE
T weibul 0.2268
™ LoglLogistic o.2505 |~ Rankings By Fit Statistic [18 Valid Fits]
[ Rayleigh 0.2514 Akaike (AIC) #2 #5 #6 #12 #1
™ Erlang 0.2576 | |Bayesian (BIC) #4 #3 #5 #11 #2
M Gamma 0.2585 Chi-5q Statistic #1(Tie) #1 (Tie) #1 (Tie) #1 (Tie) #1(Tie)
[T Triang 0.2661 | -5 Statistic #1 #2 #3 #4 #5
I Lognorm 02772 | |a 1 statistic #10 #4 £ #6 1
™ Lognorm2 0.2772
I IvGauss 0.2850 | Parameters - [* Values unavailable without running a bootstrap]
[T Pearsons 0.2943 Num. Est. Parameters 1 2 2 2 1 —
[T Pearsons 0.2943 Fitted Parameter #1 Max M. likely alpha beta b
[T Pareto2 0.3189 Fitted Value 0.3208 0.1797 2.4432 0.1748 0.1464
I Expon 0.3189 | 959 Lower Limit® NfA N/A N/A NfA NfA
I BetaGeneral 03981 | g cer, Upper Limit® N/ NfA N/ N /A
[ Lewy 0.5044
[ chisq o.57s2 | |Conf. Interval Width™ NfA NJA N/A NfA NfA
M Pareto ja | [Fitted Parameter #2 Max beta alpha
Fitted Value 0.4114 0.2138 3.1754
95% Lower Limit* MfA NjA MjA
95% Upper Limit™ NfA N/ A
Conf, Interval Width* MfA N/A M/a
Fitted Parameter #3
Fitted Value
95% Lower Limit™
95% Upper Limit™
Conf, Interval Width™
| Distribution Statistics
Minimum 0.0726 0.0000 0.0000 0.0000 0.0000 0.0000
Maximum 0.3125 0.3908 0.4114 +Infinity +Infinity +Infinity
Mean 0.18%0 0.1953 0.1884 0.1897 0.2070 0.1835
Mode 0.0786 [est] 0.0000 0.1797 0.1726 0.1424 0.1464
Median 0.2126 0.1953 0.1863 0.1841 0.1748 0.1724
Std, Deviation 0.0945 0.1128 0.0775 0.0827 0.1518 0.0959
Skewness 0.0177 0.0000 0.1116 0.3322 19.56366 0.5311
Kurtosis 19111 1.8000 2.3499 2.8308 +Infinity 3.2451 &
4 3
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Fitting probability distributions to Service Component data

4. Transformers outage —forced (continuous)

Findings:
e A-D fit statistic: Weibull distribution best fit, standard deviation 0.02779
o K-S fit statistic: Weibull distribution best fit, standard deviation 0.02779
e A-D preferred (Weibull) due to data concentrated near tails of distribution
Figure 6.1: Transformers outage (forced) — distribution fit using A-D
A, @RISK - Fit Results B %
ﬁt . = Fit Comparison for Transformer outage rate (forced) | Statistics - ~|
i GEE Riskweibull(4.4792,0,12029) | Inout by
¥ weibul 0.6090 0.0476 01371 Minimum 0.047613 0.00000
[T Gamma 0.6967 5 0% 90.0% Maximum 0.137097 +oo
[ Erlang 0.6970 16 B1.8% Mean 0.109212 0.10974
[T Lognorm 0.7605 25 Mode =0,134860 0.11369
- Lognorm2 0.7605 Median 0.113110 0.11084
- Rayleigh 0.7734 Std Dev 0.035255 0.02779
[T InvGauss 0.7953 Skewness -1.7163 -0.1743
[T Pearsons 0.8336 Kurtosis 6.1207 2.8053
[T Pearsons 0.8336 LeftX 0.0478 0.0478
| Uniform 201 LeftP 5.0% 1.6%
[ Pareto2 Right X 0.1371 0.1371
[T Expon Right P 95.0% 83.4%
- Levy Dif, X 0.089478 0.03948
- Chisg Dif. P 90.0% 81.83%
- Triang 151 1% 0.047519 0.04307
[ Betac 5% 0.047519 0.06198
[ 1 10% 0.047519 0.07278
- @RISK Trial Vers 159% 0.047619 0.08018
r A For Evaluation Purpos 0% 0.047618 0.08606
25% 0.109375 0.09108
104 30% 0.109375 0.095585
35% 0.109375 0.09967
40% 0.109375 0.10354
45% 0.113110 0.10724
50% 0.113110 0.11084
55% 0.113110 0.11440
5 60% 0.133858 0.11797
65% 0.133858 0.12160
70% 0.133858 0.12538
75% 0.133858 0.12939
B80% 0.133858 0.13377
B85% 0.137097 0.13878
o 90% 0.137097 0.14491
g 2 g = 2 o = = = o5% 0.137097 0.15368
< = = = = = = = ° lage 0.137097 0.16916
ga)| '1Ll| =_£|=]| |E %| %| £9| £l | Back Write To Cell | Close |
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Fitting probability distributions to Service Component data

Figure 6.2; Transformers outage (forced) — statistics table using A-D

x (@RISK - Fit Results

=5

-
Fit Ranking - Input Weibul Gamma Erlang Lognarm Lognarm2 -
Fit A-D| =/ Rankings By Fit Statistic [15 Valid Fits]
[ weibul 06090 [akaike (AIC) #4 25 #7 #3 (Tie) #8 (Tie)
||: sﬂlmmﬂ E-:;’ Bayesian (BIC) =2 #5 #5 =7 (Tie) #7 (Tie)
riang : Chi-5q Statistic #1 2 (Tie) 2 (Tie) £2 (Tie) 2 (Tie)
™ Lognorm 0.7605 -
[ Lognarmz 0.7605 K-5 Statistic %3 #2 #4 (Tie) #4 (Tie)
[T Rayleigh 0.7734 | |A-D Statistic #1 #2 #3 #4 (Tie) #4 (Tie)
[T InvGauss 0.7953 | - Parameters - [* Values unavailable without running a bootstrap]
" pearsons 0.8336 | |Num. Est. Parameters 2 2 2 2
F Ee'_afI:Dns DIE;;: Fitted Parameter #1 alpha alpha mu mu
nirorm N
I parctoz Loapy [itted Value 4.4792 7.9915 8 0.11063 -2.2783 |
I Expon 12421 95% Lower Limit™ Mfa MNfa MNfA A NfA
I Lewy 1.6679 95% Upper Limit™ Mfa MNfa MNfA A NfA
[T chisg 28095 | |Conf. Interval Width= /A NfA NjA M/A N/A
[l Triang " | |Fitted Parameter £2 beta beta beta sigma sigma
||: Fitted Value 0.1203 0.0137 0.0137 0.045073 0.39188
. 95% Lower Limit™ A N/A N/A N/A N/A
r. Il Il it i i
mly 95% Upper Limit™ A N/A N/A N/A N/A
Conf. Interval Width= A NfA N/A N/ N/A
Fitted Parameter #3
Fitted Value
95% Lower Limit™
95% Upper Limit™
Conf, Interval Width®
= Distribution Statistics
Minimum 0.0476 0.0000 0.0000 0.0000 0.0000 0.0000
Maximum 0.1371 Hnfinity Hnfinity +Hnfinity Hnfinity Hnfinity
Mean 0.1092 0.1097 0.1092 0.1092 0.1106 0.1106
Mode 0.1349 [est] 0.1137 0.0955 0.0956 0.0879 0.0879
Median 0.1181 0.1108 0.1047 0.1047 0.1025 0.1025
Std. Deviation 0.0363 0.0278 0.0386 0.0386 0.0451 0.0451
Skewness -1.7163 -0.1749 0.7075 0.7071 1.2899 1.2899
Kurtosis 6.1207 2.8053 3.7508 3.7500 6.0973 6.0973 =
4 [ [ 3
@ | [!| g‘ A|%| %|£‘}| = Back | Wirite To Cel | Close |
Figure 6.3: Transformers outage (forced) — distribution fit using K-S
Al @RISK - Fit Results I s
Fit Ranking - . i Statistics -
. Fit Comparison for Transformer outage rate (forced) | = |
Bt s Riskwelbull{4.4792,0,12029) B rout]  webdl
¥ Weibul 0.2795 0.0476 0.1371 Minimum 0.047619 0.00000
[ Erlang 0.3487 i = Maximum 0.137097 +o3
[T Gamma 0.3487 16% B1.8% 6.6 Mean 0.109212 0.10974
™ Lognorm 0.3662 254 Mode =0, 134860 0.11369
[T Lognorm2 0.3662 Median 0.118110 0.11084
q
T InvGauss 0.3797 Std Dev 0.036256 0.02779
™ Pearsons 0.3873 Skewness -1.7163 -0.1749
I Pearsons 0.3873 Kurtosis 6.1207 2.8053
[T Rayleigh 0.4022 Left X 0.0476 0.0476
™ Pareto2 04327 201 LeftP 5.0% 16%
[T Expon 0.4327 Right X 0.1371 0.1371
[T Triang 0.4365 Right P 95.0% 83.4%
[T uniform 0.4382 Dif. X 0.089478 0.08948
[T Levy 0.5915 Dif. P 90.0% 51.8%
[T chisg o7z | 1% 0.047619 0.04307
[l 5% 0.047619 0.06198
i ! 10% 0.047619 0.07278
- @RISK Trial Ve 159 0.047519 0.08018
[ For Evaluation Purpgs 0% 0.047619 0.08606
25% 0.109375 0.09108
0] 30% 0.109375 0.09556
35% 0.109375 0.09967
0% 0.109375 0.10354
45% 0.118110 0.10724
50% 0.118110 0.11084
55% 0.118110 0.11440
5] 60% 0.133858 0.11797
65% 0.133358 0.12160
70% 0.133858 0.12538
75% 0.133858 0.12939
80% 0.133858 0.13377
85% 0.137097 0.13878
0 : ; " ’ } 90% 0.137097 0.14491
5] = =} =) 3 =1 o = = = |95% 0.137097 0.15368
@ = = = = = = = = = |9g% 0.137097 0.16916
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Fitting probability distributions to Service Component data

Figure 6.4; Transformers outage (forced) — statistics table using K-S

t @RISK - Fit Results -

| E [

—
Fit Ranking - Input Weibull Erlang Gamma Legnorm Lognorm2 -
Fit ~|Rankings By Fit Statistic [15 Valid Fits]
¥ Vieibul Akaike (AIC) #4 #7 #6 8 (Tie) #8 (Tie)
IC]| Eriang Bayesian (BIC) #2 #6 #5 #7(Tie) #7 (Tie)
al L:;:ram Chi-5q Statistic 2 #2 (Tie) #2 (Tie) 22 (Tie) #2 (Tie)
[ Lognorm2 K-S Statistic #2 %3 #4 (Tie) =4 (Tie)
M InvGauss A-D Statistic = 3 7 £4(Tie) 24 (Tie)
I Pearsoné =|Parameters - [* Values unavailable without running a bootstrap]
I" pearsons Num, Est. Parameters 2 2 2 2 2
||: E:r\::‘og: Fitted Parameter #1 alpha m alpha mu mu
T Expon Fitted Value 44792 8 7.9915 0.11063 -2.2783 _
I Triang 5% Lower Limit™ NjA NjA NfA NjA NjA
™ Uniform 95% Upper Limit™ SR NfA /A MfA /A
- Conf. Interval Width* MfA NfA M/A MfA /A
r Fitted Parameter #2 beta beta beta sigma sigma
F Fitted Value 0.1203 0.0137 0.0137 0.045073 0.39188
[ oreto 95% Lower Limit* N/A N/A N/A N/A N/A
M P 95% Upper Limit* N/A N/A /A NfA N/A
Conf. Interval Width* MfA NfA N/A MfA NjA
Fitted Parameter #3
Fitted Value
95%: Lower Limit™
95% Upper Limit™
Conf, Interval Width*®
= | Distribution Statistics
Minimum 0.0475 0.0000 0.0000 0.0000 0.0000 0.0000
Maximum 0.1371 +Infinity +Infinity +Infinity +Infinity +Infinity
Mean 0.1092 0.1087 0.1092 0.1052 0.1106 0.1106
Mode 0.1349 [est] 0.1137 0.0956 0.0955 0.0879 0.0879
Median 0.1181 0.1108 0.1047 0.1047 0.1025 0.1025
Std, Deviation 0.03863 0.0278 0.0386 0.0385 0.0451 0.0451
Skewness -1.7163 -0.1749 0.7071 0.7075 1.2899 1.2899
Kurtosis 6.1207 2.8053 3.7500 3.7508 6.0973 6.0973 L
4 | n P
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Fitting probability distributions to Service Component data

12  Service parameter 2 —loss of supply event frequency
5. Number of events >0.05 system minutes (discrete)
Findings:
e Chi Squared fit statistic: Geometric distribution best fit, standard deviation 2.2450.

e Large variance in standard deviations of better fitting distributions

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

Figure 7.1: Number of events >0.05 system minutes — geometric distribution

Al @RISK - Fit Results — - —
Fit Ranking - ] ] . Statistics -
Fit Comparison for Events > 0.05 mins | |

Fit chi-sa -

RiskGeomet(0.35714)

W Geomet 0.0300 0.00 5.00 Mirimum 0.0000 0.000
- NegBin 0.0711 S.0% | Manirnum 5.0000 +eo
[T HyperGeo 0.0823 % | Mean 1.8000 1.800
[T Poisson 0.1001  45% Mode 1.0000 0.000
[ mntuniform 1.8000 Median 1.0000 1.000
Binomial A Std Dev 1.9235 2,245
40%, Skewness 1.5175 20450

Kurtosis 5.6077 9.1984

Leftx 0.00 0.00

5% LeftP 5.0% 35.7%

Right ¥ 5.00 5.00

Right P 95.0% 92.9%

Dif. % 5.0000 5.000

30% Dif. P 90.0% 57.2%

1% 0.0000 0.000

5% 0.0000 0.000

255 10% 0.0000 0.000

@RISK Trial Version 5% 0.0000 0.000

For Evaluation| Purposes Only it 0.0000 0.000

20% 25% 1.0000 0.000

30% 1,0000 0,000
35% 1,0000 0,000
0% 1.0000 1.000
15% 45% 1.0000 1,000
50% 1,0000 1,000
55% 1,0000 1,000
10% 60% 1,0000 2,000
65% 2,0000 2,000
70% 2,0000 2,000
- 75% 2,0000 3.000
80% 2,0000 3.000
85% 5,0000 4,000
90% 5,0000 5,000
0% 4 lage, 5.0000 goo0|
(¥} (=] (] - =] o (=3 I}
' = ~ logu 5.0000 10.000| =
@ | H.l| £=-|| ’I %| ‘ £f| EEE] | Back Write To Cell | Close |
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Fitting probability distributions to Service Component data

Figure 7.2: Number of events >0.05 system minutes — statistics table

4k, @RISK - Fit Results - - 5 E = a. ESHEel ™
Fit Ranking j Input| Gecmet| MNegBin HyperGeo Poisson | IntUniform -
[ Fit [ Chi-5q]| =/ Rankings By Fit Statistic [5 Valid Fits]
¥ Geomet 0.0300 | [akaike (AIC) #1 #3 #5 #2 #4
" Neggin 0.0711 | Bayesian (BIC) #1 #3 #5 #2 24
F :;::;ﬁe" z:izi | |chisaq statstic =1 22 =3 =4 25
™ IntUniform 1.8000 | parameters - [* Values unavailable without running a bootstrap]
T Binomial A Mum, Est. Parameters 1 2 3 1 2
Fitted Parameter #1 1] ] n lambda Min
Fitted Value 0.35714 3 57 1.8000 [u]
95% Lawer Limit® NJA NJA NfA NfA NfA
95% Upper Limit= NfA NJA NfA NfA NfA
Conf. Interval Width™ MN/A MN/A NfA MN/A MNfA
Fitted Parameter #2 p D Max
Fitted Value 0.62500 1026 5
95% Lower Limit™ A NJA NA
95% Upper Limit® /A NJA A
Conf, Interval Width* MjA NfA MNfA
Fitted Parameter #3 M
Fitted Value 32675
95%: Lower Limit* NfA
95% Upper Limit*® NfA
Conf. Interval Width* NfA
| =| Distribution Statistics
Minimum 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Maxirmum 5.0000 +Infinity +Infinity 57.0000 +Hnfinity 5.0000
Mean 1.8000 1.8000 1.8000 1.7398 1.8000 2.5000
Mode 1.0000 0.0000 1.0000 1.0000 1.0000 0.0000
Median 1.0000 1.0000 1.0000 2.0000 22,0000 2.0000
Std. Deviation 19235 2.2450 16971 1.3155 1.3416 1.7078
Skewness 1.5175 2.0450 1.2964 0.7100 0.7454 0.0000
JKurtosis 5.6077 9.1984 5.3472 3.4673 3.5556 1.7314
= Percentiles i
‘ @|m|=| ale|b|et|am Back Write To Cel Close
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Fitting probability distributions to Service Component data

6. Number of events >0.30 system minutes (discrete)

Findings:

e 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).

e 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

i, @FRISK - Fit Results - - - . - o | B |
Fﬂa_"kmg - = Fit Comparison for Events > 0.30 mins | Statictice = -
bt ELE RiskIntUniform(0,1) | input|  mitiform | HEY
inomial 0.0000 0.000 1,000 Minimum 0.0000 0.0000
HyperGeo 0.0000 5.0% 90.0% Maximurn 1.0000 1.0000
¥ ntuniform 0.2000 S0.0% Mean 0.4000 0.5000
" Poisson 03612 70% 4 Mode 0.0000 NJA
[T Geomet 1.0318 Median 0.0000 0.0000
[ weasin N Std Dev 0.5477 10,5000
Skewness 0.6088 0.0000
0% o Kurtosis -0.3333 1.0000
Left X 0.000 0.000
Leftp 5.0% 50.0%
Right X 1.000 1.000
s0% 4 ] | Right P 35.0% 100.0%
Dif. % 1.0000 1.0000
oif. P 90.0% 50.0%
1% 0.0000 0.0000
0% 5% 0.0000 0.0000
- 10% 0.0000 0.0000
@RISK Trial Version 15% 0.0000 0.0000
For Evaluation Purposes Only 0% 0.0000 0.0000
1 25% 0.0000 0.0000
30% 4 30% 0,0000 0.0000
35% 0.0000 0.0000
0% 0.0000 0.0000
| 1 45% 0.0000 0.0000
20% 4 ] 1 50% 0.0000 0.0000
] 55% 0.0000 1.0000
50% 0.0000 1.0000
| 65% 1.0000 1.0000
105 | | 1 0% 1.0000 1.0000
| 1 75% 1.0000 1.0000
80% 1.0000 1.0000
] ] 85% 1.0000 1.0000
0% ] ! ! ! ! 1 | [90% 1.0000 10000| |
oy o o - o o = ry [95% 1.0000 1.0000
< ‘:' ':' ':' ':' ':' - T o 1.0000 Looo| |
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Fitting probability distributions to Service Component data

Figure 8.2: Number of events >0.30 system minutes — statistics table

@RISK - Fit Results - - -
Fit Ranking - Input Binomial HyperGeo IntUniform Poisson Geomet| =
Fit Chi-5q|| =/ Rankings By Fit Statistic [5 Valid Fits]

'l___ Binomial 0.0000 | |Akaike (AIC) #3 #5 #4 #1 #2| [

|k HyperGeo 0.0000 | looyesian (BIC) = = 24 1 #3

:: ;':::D'f:rm E: ;2013 Chi-5q Statistic #1(Tie) #1 (Tie) #3 =4 =5

™ Geomet 1.031g |— Parameters - [* values unavailable without running a bootstrap]

M w N Mum. Est. Parameters 2 3 2 1 1
Fitted Parameter #1 n n Min lambda pl|E
Fitted Value 1 1 a 0,40000 0.71429
95% Lower Limit™ NfA MfA MfA NfA NfA
95% Upper Limit™ NfA MfA MfA NfA NfA
Conf. Interval Width™® NfA MfA MfA NfA NfA
Fitted Parameter #2 p D Max
Fitted Value 0.40000 2 1 0
95% Lower Limit™ NfA MfA MfA
95% Upper Limit= NJA NfA NfA
Conf. Interval Width® M/A MfA MfA
Fitted Parameter #3 M
Fitted Value 5
95%: Lower Limit* MfA
95%: Upper Limit* MfA
Conf, Interval Width= MNfA

~| Distribution Statistics
Minimum 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Maximum 1.0000 1.0000 1.0000 1.0000 +Infinity +Infinity
Mean 0.4000 0.4000 0.4000 0.5000 0.4000 0.4000
Mode 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Median 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Std. Deviation 0.5477 0.4899 0.4899 0.5000 0.6325 0.7483
Skewness 0.6036 0.4082 0.4082 0.0000 1.5811 2.4054
Kurtosis -0.3333 1.1667 1.1667 1.0000 5.5000 10,7857
@ | o | = | & | 24 | | e "ﬂ Back Write To Cell | Close |
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Fitting probability distributions to Service Component data

1.3  Service parameter 3—average outage duration

7. Average outage duration (continuous)

Findings:
e 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.

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

e 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)

Al ©@RISK - Fit Results = | E S
ﬁt = = Fit Comparison for Average outage duration | Statistcs - =
FlE GEL RiskLoglLogistic(0,33.642,1.1983) o
= LogLogistic 0.2190 4.0 230.0 Minimum 4,00 0.00
™ Lognorm 0.2278 % Maxirmum 230,00 +oo
[ Lognorm2 0.2278 7% Mean 74,08 177.05
[ weibul 0.2435 0.025 Mode 220,95 4,53
[ Gamma 0.2633 Median 24.00 33.64
[ Levy 0.2760 Std Dev 93,55 NfA
[T 1nvGauss 0.3308 Skewness 1.6124 NfA
[T Pareto2 0.4645 Kurtosis 5.2855 NfA
[T Expon 0.96546 Left 4.0 4.0
[T Pert o705 00207 Leftp 5.0% 7.2%
[T Triang 1,4335 Right X 230.0 230.0
™ Uniform 26974 Right P 95,0% 90.9%
[T Rayleigh 3.8708 Dif. X 226.00 226,00
[T chis Dif, P 90.0% 83.7%
{mEES 0.015 4 1% 2.00 0.728
r 5% 4,00 2.89
= @RISK Trial Version 0% 220 32
r v/ For Evaluation Purposes Only 20% 4,00 10,59
25% 19,90 13.46
0.010 30% 19,90 16,59
35% 19,90 20,07
0% 19,90 23.99
453 24,00 28.46
50% 24,00 33.64
55% 24,00 39.77
0.005 1 60% 92,50 47.18
5% 92,50 56.38
70% 92,50 68.20
75% 92,50 84.11
30% 92,50 106.92
0,000 . . B5% 230,00 14297| |
- - - - - - = = = l80% 230,00 210,29
o - = = S A & M |o5% 230.00 392.18| -
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Fitting probability distributions to Service Component data

Figure 9.2: Average outage duration— distribution fit using A-D (Lognorm)

Al @RISK - Fit Results =2

i = = Fit Comparison for Average outage duration | Statistics -
ik ) RiskLognorm(87.206,21144) B oot Loonom B
Loglogistic 0.2190 4 230 Minimum 4.00 0.00

[¥ Lognorm 0.2278 A | Maximum 230.00 +o

r Lognorm2 0.2278 3:2% | Mean 74.08 87.21

[ weibul 0.2435 0025 § Mode 20,95 4.83

[T Gamma 0.2633 Median 24.00 33.25

[ Lewy 0.2760 Std Dev 93,55 211,44

T InvGauss 0.3306 Skewness 16124 21,5273

[ Pareto2 0.4646 Kurtosis 5.2855  3,028.7601

I Expon 0.4696 Left % 4 4

[ Pert o703 0020 LeftP 5.0% 6.4%

[ Triang 1.4335 Right X 230 230

[T uniform 2.6974 Right P 95.0% 91.8%

I Rayieigh 3.8708 Dif. X 226,00 226.00

[ chisq - Dif. P 90.0% 85.5%

i 1% 4,00 1.31

i 5% 4.00 3.39

[ ! . 10% 4.00 5.61

- @RISK Tr|a| Ver5|on 15%, 4,00 7.88

. For Evaluation Purposes Only 0% 4,00 10,33

25% 19.90 13.03
0.010 4 i 30% 19.90 16.05
: 35% 19.90 10.47
: 40%, 19,90 23.39
: 45% 24.00 27.93
s 50% 24,00 33.25
: 55% 24,00 39.59
0.005 i 60% 92,50 47,27
! 65% 92,50 5.78
| 0% 92.50 68.87
: 75% 92.50 34.83
] 30% 92,50 107.00
: 85% 230,00 140.24
0.000 i " : i : + ; ; " |90% 230,00 197.10| _|
E ‘:' g g 2 g 2 2 2 2 2 o5% 230.00 326.44
' 99% 230,00 sarot| 7
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Figure 9.2: Average outage duration- distribution fit using A-D (Weibull)

ﬂ @RISK - Fit Results -
i = = Fit Comparison for Average outage duration |Statistics
FLE GED RiskWeibull{0.81412,65.953) R T -
[T LoglLogistic 0.2190 a0 230.0 Mirimum 4,00 0.00
[ Lognorm 0.2278 A = A | Maximum 230.00 +oo
[T Lognormz 0.2278 9.7% 84.0% 5.3% | Mean 74.08 73.81
¥ weibull 0.2435  0.045 - Mode 20,95 0.00
I Gamma 0.2633 Median 24.00 42.05
[ Lewy 0.2760 Std Dev 93.55 91.31
|_ InvGauss 0.3306  p.040 4 Skewness 16124 27381
[ Pareto2 0.4646 Kurtosie 5.2855 14.9927
[T Expon 0.4646 Left X 4.0 4.0
7 pert 0.7036 o ozc ] LeftP 5.0% 9.7%
[ Triang 1.4335 Right X 230.0 230.0
T Uniform 2.6974 Right P 95.0% 93.7%
[T Rayleigh 3.8708 Dif. % 226.00 226.00
O chisq 00304 Dif. P 90.0% 84.0%
i 1% 4,00 0.232
r 5% 4,00 172
i 00254 10% 4,00 4.16
- @RISK Trial Version 15% 4.00 7.08
r For Evaluation Purposes Only 20% 4.00 10.45
0.020 4 25% 19,90 14.28
30% 19.90 18.59
| 35% 19.90 2344
0.015 4 0% 19.90 28.90
45% 24.00 35.06
50% 24.00 42.05
55% 24.00 50.03
0.010 4 60% 92.50 59.24
65% 92.50 70.01
0% 92.50 32.84
0.005 ~ 75% 92.50 98.51
0% 92.50 118.33
35% 230.00 144.82
0.000 90% 230.00 183.72| _|
2 = 2 g g = g 2 2 =] B jo5% 230.00 253.32
99% 230.00 430,441 T
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Fitting probability distributions to Service Component data

Figure 9.4: Average outage duration — statistics table using A-D

?@RISK - Fit Results

Fit Ranking - Input LogLogistic Lognorm Lognorm2 Weibull Gamma -
Fit A-D || =/ Rankings By Fit Statistic [14 Valid Fits]
¥ Loglogistic 0.2190 | [akaike (AIC) #9 #5 (Tie) #5 (Tie) #7 #3
F Lognorm 0.2278 | |Bayedian (BIC) #3 #4(Tie) #4(Tie) #6 #7
Lognorm2 0.2273 . -
Chi-Sq Statistic #1(Te #1(Te #1(Tie #1(Te #1(Te
[ weibull 0.2435 45t (T ) () T e
[ Gamma 0.2g33 | K5 Statistic #3 #1(Tie) #1 (Tie) #6 #7
T Levy 0.2760 | |A-D Statistic #1 #2 (Tie) #2 (Tie) #4 #5
[ InvGauss 0.3306 | =/ Parameters - [* Values unavailable without running a bootstrap]
[ Pareto2 0.98496 | |Num. Est. Parameters 2 2 2 2 2
:: EXDtDn E:g:g Fitted Parameter #1 beta mu mu alpha alpha
er .
Fitted Val 33.6423 §7.206 3.5041 0.81412 0.74751
[ Triang 14335 | | edYaue
™ Uniform 2.6974 95% Lower Limit™ N/fA N/fA N/A N/fA N/fA
[T Rayleigh 3.8708 | |95% Upper Limit*® N/JA NfA N/A N/JA N/JA
"] chisq — | |conf. Interval Width* NjA NjA /A N/A N/
r Fitted Parameter #2 alpha sigma sigma beta beta
I': Fitted Value 1.1989 211,44 1.3887 65,9534 99,0888
- 95% Lower Limit™ N/A N/A NfA N/A N/A
[ Pearsons N 95% Upper Limit™ N/fA N/fA N/A N/fA N/fA
Conf. Interval Width™® MfA NfA A MfA MfA
~| Distribution Statistics
Minimum 4,0000 0.0000 0.0000 0.0000 0.0000 0.0000
Maximum 230.0000 +nfinity +Infinity +Infinity +Infinity +nfinity
Mean 74.0800 177.0523 §7.2058 §7.2058 73.8132 74.0800
Mode 20,9500 [e.. 4,5335 48340 48340 0.0000 0.0000
Median 24.0000 33.6423 33.2505 33.2505 42,0456 44,7508
Std. Deviation 93,5482 +Hnfinity 211.4355 211.4355 91,3057 85.6767
Skewness 1.6124 +HInfinity 21,5264 21,5264 27381 2.3131
Kurtosis 5.2855 +HInfinity 3028.4072 3028.4072 14.9926 11.0255 -
4 | i b
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Figure 9.5: Average outage duration — distribution fit using K-S
A\, @RISK - Fit Results
Fit Ranking - . . i Statistics
Fit Comparison for Average outage duration ‘ =
e = AL oanom(Er e 2 BT T -
v Lognorm 0.1928 4 230 Minimurm 4.00 0.00
|_ Lognorm2 0.1928 5.0% S 0% | Maximum 230,00 +oo
"7} LogLogistic 0.1999 . 2% | ME:n 74.08 87.21
Levy 0.2016 . I Mode =20.95 4.83
M InvGauss 0.2370 Median 24.00 33.25
™ weibull 0.24496 Std Dev 93.55 21144
I Gamma 0.2591 Skewness 1.6124 21.5273
I Pareto2 0.3233 Kurtosis 5.2855 3,028.7801
[ Expon 0.3233 Leftx 4 4
[ pert 0.3750 00201 Leftp 5.0% 5.4%
r Triang 0.4422 Right X 230 230
r Chisg 0.4987 Right P 95.0% 91.8%
I ™ uniform 0.5165 Dif. X 226.00 226.00
[T Rayleigh Dif, P 90,0% 35.5%
r n 1% 4.00 1.31
r 0015 5% 4.00 3.39
o ! . 10% 4.00 561
r. @RISK Trial Version 15% 4.00 7.88
I For Evaluation Purposes Only 0% 4.00 10.33
25% 19.90 13.03
0.010 0% 19.90 16.05
35% 19.90 19.47
40% 19.90 23.39
45% 24,00 27.93
50% 24.00 33.25
55% 24.00 39.59
0.005 4 60% 92.50 47.27
65% 92,50 56.78
0% 92,50 63.87
75% 92.50 84.83
B80% 92,50 107.00
B85% 230,00 140.24
0.000 90% 230.00 197.10( __|
= = = 2 = 2 = = = = S 95% 230,00 326,44
- - " - - - = - = ? 99% 230,00 841.01 j
o . .
@| 'd_'.t| £| i %| %|,{§§ ] | Back Write To Cell ‘ Close |
ISSUE 3 28/10/2015 27141

UNCONTROLLED WHEN PRINTED



Fitting probability distributions to Service Component data

Figure 6.4: Transformers outage (forced) — statistics table using K-S

?@RISK—FitResuIB - =RECH[ X |
Fit kii

- Input Lognorm Legnorm2 LogLogistic Lewvy InvGauss -
Fit K-5|| = Rankings By Fit Statistic [14 Valid Fits]
Lognorm Akaike (AIC) #5 (Tie) #5 (Tie) #9 #2 #4
IE t“gfmf“é Bayesian (BIC) =4 (Tie) =4 (Tie) =3 =2 #3
. L°g ogiste Chi-5q Statistic =1 (Tie) =1 (Tie) #1 (Tie) =1 (Tie) =1 (Tie)
evy —
[ mvGauss k-5 Statistic #1 (Tie) #1 (Tie) #3 #4 #5
I weibull A-D Statistic #2 (Tie) #2 (Tie) #1 #6 =7
[ Gamma ~| Parameters - [* Values unavailable without running a bootstrap]
[ Pareto2 Mum, Est. Parameters 2 2 2 1 2
I Expon Fitted Parameter #1 mu mu beta C mu
[ Pert
er
. Fitted Value §7.208 3.5041 33.6423 14.0026 74.0800
- Triang
I chisq 95% Lower Limit* MfA MfA MfA MfA MfA
™ uniform 95% Upper Limit® N/fA N/fA MfA MfA MfA
[T Rayleigh Conf. Interval Width™ NjA /A N/A /A N/A
[ BetaGenerat Fitted Parameter #2 sigma sigma alpha lambda
r
Erlang
O A e Fitted Value 211.44 1.3887 1.1989 17.2663
Parefo
[ pearsons 95% Lower Limit* MfA MfA MfA MfA
[ pearsons 95% Upper Limit*= NjA NjA NjA NjA
Conf. Interval Width™® MfA MfA MfA MfA
~| Distribution Statistics
Minimum 4,0000 0.0000 0.0000 0.0000 0.0000 0.0000
Maximum 230.0000 +nfinity +Hnfinity +Infinity +Infinity +Infinity
Mean 74.0800 §7.2058 8§7.2058 177.0523 +Hnfinity 74.0800
Mode 20,9500 [e.. 4.8340 4.8340 4.5335 4.6675 5.7211
Median 24.0000 33.2505 33.2505 33.6423 30.7792 24.7198
Std. Deviation 93.5482 211,4355 211.4355 +Infinity +Hnfinity 153. 44438
Skewness 1.6124 21,5264 21.5264 +Infinity +Hnfinity 6.2140
Kurtosis 5.2855 3028.4072 3028.4072 +Infinity +Hnfinity 67.3567 -
4 | 1l | b
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Fitting probability distributions to Service Component data

14  Service parameter 4 — Proper operation of equipment
8. Failure of protection system (discrete)
Findings:
e Chi Squared fit statistic: Hypergeometric distribution best fit, standard deviation 4.9336

e Poisson distribution next best fit

e Best fit distribution (Hypergeometric) preferred.

Figure 10.1: Failure of protection system — hypergeometric distribution

il @RISK - Fit Results =NRCE X
mt . : = Fit Comparison for Failure of protection system | Statistics |
Kit 2L RiskHyperGeo(797,1057,32675) | inout]  HyperGeo Y
= HyperGeo 0.00433562 12 37 Minirmum 12,000 0.00
Poisson 0.0069 A T 0% | Maximum 37.000 797.00
IntUniform 0.2000 0.2% 1.2% | Mean 25,800 25.78
I NegBin 0.7315  45% q Mode 32.000 25.00
[ Geomet 7.1675 Median 32.000 26.00
O &nomial A Std Dev 11.054 4,93
ane;, 4 Skewness -0.5206 0.1803
Kurtosis 0.3725 3.0284
Left X 12 12
— Leftp 5.0% 0.2%
Right X 37 37
Right P 95.0% 93.8%
205 | Dif. X 25.000 25.00
B Dif. P 90.0% 98.6%
1% 12.000 15.00
5% 12.000 18.00
25% i i 10% 12,000 20,00
@RISK Trial Version 15% 12.000 21.00
For Evaluation Purposes Only 0% 12.000 22.00
20% 4 25% 16.000 22.00
30% 16.000 23.00
35% 16.000 24.00
15% 1 0% 16.000 24.00
45% 32.000 25.00
50% 32.000 26.00
55% 32.000 26.00
10% A
60% 32.000 27.00
65% 32.000 28.00
70% 32.000 28.00
5% 1 75% 32.000 29.00
30% 32.000 30.00
85% 37.000 31.00
0% . " : " ’ : . . v [90% 37.000 32.00| _|
8 = 8 = = 3 2 3 8 g |o5% 37.000 34.00
9% 37.000 38.00| ~|
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Fitting probability distributions to Service Component data

Figure 10.2 Failure of protection system- statistics table

Al @RISK - Fit Results -
Fit ki - Input HyperGeo Poisson IntUniform MegBin Geomet -
Fit Chi-5q|| ! Rankings By Fit Statistic [5 Valid Fits]
IV HyperGeo 0.00433562 | |Akaike (AIC) #5 #4 #1 #3 #2
I Poisson 0.008% | |payesian (BIC) #5 #4 #1 #2 #3
F L”::;:Drm Ejgolg Chi-5q Statistic #1 22 23 24 25
™ Geomet 7.1675 |~ Parameters - [* Values unavailable without running a bootstrap]
Il N Mum, Est. Parameters 3 1 2 2 1
Fitted Parameter #1 n lambda Min ] 1] =
Fitted Value 797 25.800 12 g 0.037313
95% Lower Limit™ NJA A MA MfA NJA
95% Lpper Limit= NfA NfA NfA NfA NfA
Conf. Interval Width™ NJA NA NfA MfA NJA
Fitted Parameter #2 D Max p
Fitted Value 1057 37 0.23669 b
35% Lower Limit= NfA NfA NfA
95% Upper Limit™ NJA NfA MfA
Conf, Interval Width* NfA M/A MfA
Fitted Parameter #3 M
Fitted Value 32675
95%: Lower Limit* NfA
95% Upper Limit* NfA
Conf, Interval Width* NfA
—| Distribution Statistics
Minimum 12,0000 0.0000 0.0000 12,0000 0.0000 0.0000
Maximum 37.0000 797.0000 +HInfinity 37.0000 +Infinity +Infinity
Mean 25.8000 25.7821 25,8000 24,5000 25.8000 25.8000
Mode 32.0000 25,0000 25,0000 12.0000 22,0000 0.0000
Median 32.0000 26.0000 26,0000 24,0000 25.0000 158.0000
Std. Deviation 11.0544 4.9336 5.0794 7.5000 10,4405 26,2952
Skewness -0.5208 0.1803 0.1969 0.0000 0.7135 2.0004
Kurtosis 0.3725 3.0284 3.0388 1.7964 3.7592 9.0014
—|Perrentiles i
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Fitting probability distributions to Service Component data

9. Material failure of SCADA system (discrete)

Findings:

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

e Identical results on all other parameters and statistics

e No preference between Geometric and NegBin distributions.

Figure 11.1: Material failure of SCADA system —geometric distribution

i, @RISK - Fit Results = | 5 ||
FeRaning <] Fit Comparison for Material failure of SCADA [ statistics =
ili EhE RiskGeomet(0.35714) | mout]  Geomet Y
[V Geomet 0.2269 0.00 6.00 Minimum 0.0000 0.000
r MegBin 0.2269 90.0% 5 0% | Maximum ©5,0000 +o
[T Poisson 0.9618 35.7% = 3.5% | Mean 1.8000 1.800
[T HyperGeo 0.5211  45% Mode 0.0000 0.000
[ IntUniform 1.0667 Median 1,0000 1.000
r-- Binomial A Std Dev 2.4500 2.245
ETLS Skewness 1.6712 2.0490
Kur tosis 5.8148 9.1984
LeftX 0.00 0.00
25% LeftP 5.0% 35.7%
Right X 5.00 5.00
Right P 95.0% 95.5%
i Dif. X £.0000 5.000
30% Dif. P 90.0% 58.7%
1% 0.0000 0.000
5% 0.0000 0.000
25% 10% 0.0000 0.000
@RISK Trial Version 15% 0.0000 0.000
For Evaluation Purposes Only 200 0.0000 0.000
20% 25% 0.0000 0.000
30% 0.0000 0.000
35% 0.0000 0.000
- 0% 0.0000 1.000
459 1,0000 1,000
50% 1,0000 1.000
559 1.0000 1.000
10% 60% 1.0000 2.000
65% 20000 2.000
0% 2.0000 2.000
5% 75% 20000 3.000
80% 20000 3.000
85% £.0000 4,000
% g ' 2 B wm . __ 50% 6.0000 5.000| |
. = o - - - = ~ |95% 6.0000 6.000
' - ~ lag £.0000 w.000] ]
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Fitting probability distributions to Service Component data

Figure 11.2: Material failure of SCADA system— NegBin distribution

A, @RISK - Fit Results

Fit Ranking - . . . R Statistics -
= = Fit Comparison for Material failure of SCADA | |
o
L LG ChiSq RiskNegBin(1,0.35714) BN oot eodn B
[ Geomet 0.2269 0.00 6.00 Minimum 0.0000 0.000
¥ NegBin 0.2269 T | Maximum £.0000 +o0
0%
[T Poisson 0.4518 4.5% | Mean 1.8000 1.800
[T HyperGen 0.5211  45% Mode 0.0000 0.000
[T IntUniform 1.0667 Median 1.0000 1.000
r A 5td Dev 2,4500 2,245
40% Skewness 1.6712 2.0490
Kurtosis 5.8118 9.1984
Left ¥ 0.00 0.00
355 LeftP 5.0% 35.7%
Right X 6.00 5.00
Right P 95.0% 95.5%
! DIf. X £.0000 5.000
30% Dif. P 90.0% 59.7%
1% 0.0000 0.000
3% 0.0000 0.000
25% 10% 0.0000 0.000
@RISK Trial Vlersion 15% 0.0000 0.000
For Evaluation Purposes Only 2 0.0000 0.000
20% 25% 0.0000 0.000
30% 0.0000 0.000
35% 0.0000 0.000
40% 0.0000 1.000
15%
45% 1.0000 1.000
0% 1.0000 1.000
55% 1.0000 1.000
10% 60% 1.0000 2,000
55% 2.0000 2,000
T0% 2.0000 2.000
5o, 75% 2.0000 3.000
80% 2.0000 3.000
85% 5.0000 4,000
0% , 90% £.0000 s.000| |
o ’
£ o o - W o o ra [95% 5.0000 6,000
99% 5.0000 10,0001 T
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Figure 11.3: Material failure of SCADA system- statistics table
A, @RISK - Fit Results =18 X |
Fit Ranking il Input: Geomet NegBin Poisson HyperGeo IntUniform | =
Fit Chi-5q || =/Fit
[ Geomet 0.22659 | |Function =RiskGeomet(0. 35.. =RiskMNegBin{1,0.3.. =RiskPoisson(1.80.. =RiskHyperGeo(5.. =RiskIntUniform{D..
¥/ negsin 0.22658 | Imethod MLE MLE MLE MLE (Approximate) MLE
[ Paisson 04638 T ankings By Fit Statist [5 Valid Fits]
~IRankings 1 sTc all il
7 HyperGeo 0.5211 =
™ IntUniform 1.0667 Akaike (AIC) #1 #3 2 #5 #4
| N/ Bayesian (BIC) #1 #2 4 #5 #3
Chi-5q Statistic #1(Tie) #1 (Tie) 3 #4 #5||=
=|Parameters - [* Values unavailable without running a bootstrap]
MNum. Est. Parameters 1 2 1 3 2
Fitted Parameter #1 p s lambda n Min
Fitted Value 0.35714 1 1.8000 57 0
95% Lower Limit*® NfA N/A NfA NfA NfA
95% Upper Limit™ NfA N/A N/A /A NfA
Conf, Interval Width® NfA JA INfA /A Nfa | —
Fitted Parameter #2 1] o] Max
Fitted Value 0.35714 1027 [
95% Lower Limit* NfA NfA NfA
35% Upper Limit*= NfA NfA NfA
Conf, Interval Width* MN/A K1Y NfA
Fitted Parameter #3 M
Fitted Value 32675
95% Lower Limit* A
95% Upper Limit* A
Conf, Interval Width™ A
=| Distribution Statistics
Minimum 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Maximum 6.0000 +Infinity +Infinity +nfinity 57.0000 6.0000
Mean 1.8000 1.8000 1.8000 1.8000 1.7915 3.0000
Mode 0.0000 0.0000 0.0000 1.0000 1.0000 0.0000
Median 1.0000 1.0000 1.0000 2.0000 2.0000 3.0000
Std. Deviation 2.4800 2.2450 2.2450 1.3416 1.3162 2.0000
Skewness 16712 2.0430 2.0490 0.7454 0.7096 0.0000
Kurtosis 5.8148 9.1984 9.1954 3.5556 3.4668 17500 _
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Fitting probability distributions to Service Component data

10. Incorrect operational isolation of primary or secondary equipment (discrete)

Findings:

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

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

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

e Best fit distribution (IntUniform) preferred

Figure 12.1: Incorrect operational isolation of equipment —geometric distribution

Al @RISK - Fit Results B [
o = = - Fit Comparison for Incorrect isolation of equipment | Statitics = -
bt 5 RiskIntUniform(4:8) 77

7 IntUniform 0.0000 4.000 8.000 Minimum 4,0000 4,0000
7} Binomial 0.0373 i S Maximum 8.0000 8.0000
"] HyperGeo 0.0641 20,05 30.0 Mean 6.0000 6.0000
[T Paisson 0.7558  25% - Made NfA NfA
[T Geomet 9.3275 Median 5.0000 5.0000
O Negsin N4 Std Dev 1.5811 1.4142

Skewness 0.0000 0.0000
Kurtosis 1.3000 1.7000
Left X 4,000 4,000
20% LeftP 5.0% 20.0%
Right X 8.000 8.000
Right P 95.0% 100.0%
i Dif. % 4.0000 4.0000
Dif. P 90.0% 80.0%
1% 4.0000 4.0000
15% A 5% 4.0000 4.0000
10% 4.0000 4.0000
@RISK Trial Version ;:" :EEEE :EEEE
. : ) 3 ) )
or EvaluationfPurposes Onl Yeor - 0000 - 0000
30% 5.0000 5.0000
10% 4 35% 5.0000 5.0000
40% 5.0000 5.0000
45% 5.0000 5.0000
50% £.0000 £.0000
55% 5.0000 5.0000
60% 5.0000 7.0000
5% 1 65% 7.0000 7.0000
70% 7.0000 7.0000
75% 7.0000 7.0000
30% 7.0000 7.0000
35% 8.0000 8.0000
90% 8.0000 8.0000
0% T 1 85% 8.0000 8.0000
“ g e a i 3 3 5 B = & [a9% 5.0000 3.0000
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Fitting probability distributions to Service Component data

Figure 12.1: Incorrect operational isolation of equipment —statistics table

T @RISK - Fit Resuis TR = B S
Fit ki - | Input IntUniform Binomial HyperGeo Poisson Geomet| ~
Fit Chi-Sq || =/ Fit
V¥ IntUniform 0.0000 | |Function =RiskIntUniform({4.. =RiskBinomial(3,0... =RiskHyperGeo(1.. =RiskPoisson(5) =RiskGeomet(D.14..
I Binomial 0.0373 | yethod MLE MLE MLE (Approximate) MLE MLE
™ HyperGeo 0.0641 ) ) - -
™ Poisson 0.755 —|Rankings By Fit Statistic [5 Valid Fits]
™ Geomet 9,3275 Akaike (AIC) #2 #3 #5 #1 #4
I Wegsin | [Bayesian (BIC) #1 #2 #4 #3 #5
Chi-Sq Statistic # #2 #3 #4 5
= Parameters - [* Values unavailable without running a bootstrap]
Mum. Est. Parameters 2 2 3 1 1
Fitted Parameter #1 Min n n lambda p
Fitted Value 4 9 10 6.0000 0.14238
95% Lower Limit™ MfA MfA MfA MfA MfA
95% Upper Limit™ MfA MfA MfA MfA Al |
Conf. Interval Width™ MfA MfA MfA MfA MfA
Fitted Parameter #2 Max p D
Fitted Value g 0.68667 33
95%: Lower Limit* MfA MfA MfA
95%: Upper Limit* MfA MfA MfA
Conf, Interval Width* MfA MfA MfA
Fitted Parameter #3 M
Fitted Value 55
95%: Lower Limit* MfA
95%: Upper Limit* MfA
Conf, Interval Width* MfA
~| Distribution Statistics
Minimum 4,0000 4,0000 0.0000 0.0000 0.0000 0.0000
Maximum §.0000 §.0000 59,0000 10.0000 +Infinity +HInfinity
Mean 6,0000 6,0000 6,0000 6,0000 6.0000 6,0000
Mode 4,0000 4,0000 6,0000 6,0000 5.0000 0.0000
Median 6,0000 6,0000 6,0000 6,0000 6.0000 4,0000
Std. Deviation 1.5811 1.4142 1.4142 1.4142 2.4495 6.4807
Skewness 0.0000 0.0000 -0.2357 -0.0934 0.4082 2.0059
Kurtosis 1.8000 1.7000 2.8333 2.8643 3.1667 9.0238| -
(7] | [!| £| Fy | %| | iy "j Back Write To Cell | Close |

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

211 Errorin 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.

22  Additional Data Required

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

Subsequent to the first report, the 5" and 95" 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" and
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Fitting probability distributions to Service Component data

95™ percentiles, except the ‘reactive plant outage rate (forced) parameter. The 5" and 95" percentiles for this
parameter are included in Figure A.1:

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

dlk @RISK - Fit Results B =
Fit Ranking =~ Input| Loglogistic Erlang Gamma Lognorm| Leognorm2|  InvGauss| Pearson3 Weibull -~
-JFit
Fit AD Function =RiskLogLo.. =RiskErlang.. =RiskGamm.. =RiskLogno.. =RiskLogno.. =RiskInvGa.. =RiskPears.. =RiskWeibu..
- | Distribution Statistics
Erlang 03927 | Minimum 0.1429 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Gamma 0.3555 | lpasimum 0.3857  +Infinity  +Infiity  +Infinity  +Infinty  4Infinity  +Infinity  +Infinity  +Infinity
Lognorm 0.3558 | Mean 0.2686 0.2769 0.2686 0.2686 0.2694 0.2694 0.2686 0.2715 0.2657
Lognorm2 0.3558 | vode 0.2339 [est] 0.2326 0.2350 0.2363 0.2221 0.2221 0.2194 0.2095 0.2706
InvGauss 0-3572 | Median 0.2286 0.2560 0.2575 0.2579 0.2526 0.2526 0.2517 0.2470 0.2694
Pearsons 03653 | I5id. Deviation 0.1007 0.1207 0.0950 0.0932 0.0939 0.0999 0.0989 0.1132 0.0882
Wesbul 0.5750 | lopewness 0.0513 29382 07071 0.6937 11532 1.1632 1.1045 20178 0.0573
Rayleigh 04989 | iirtosis 15332 49,9686 3.7500 3.7219 5.4385 5.4985 50348 12,3305 2.7105
Unifarm 0.5859 || percenties
Expon 10721 | [gey 0.1429 0.1352 0.1336 0.1353 0.1400 0.1400 0.1403 0.1429 0.1246
Paretal L0721 | 1o 0.1429 0.1589 0.1563 0.1582 0.1535 0.1585 0.1592 0.1599 0.1542
Chisq 15523 | 150, 0.1429 0.1757 0.1730 0.1748 0.1741 0.1741 0.1735 0.1729 0.1753
BetaGeneral  +Infinity | |5p0, 0.1429 0.1895 0.1872 0.1887 0.1867 0.1867 0.1859 0.1843 0.1926
Triang Hnfinity | oge, 0.2286 02017  0.2000 02013 01983  0.1983  0.1974  0.1948 0,207
A |30 0.2286 0.2130 0.2119 0.2131 0.2093 0.2093 0.2083 0.2051 0.2213
35% 0.2286 0.2233 0.2234  0.224¢  0.2200 0.2200 0.2150 0.2153 0.2340
0% 0.2286 0,234  0.2347  0.2355 0.2306 0.2306 0.22% 0.2255 0.2461
45% 0.2286 0.2451 0.2460 0.2466 0.2414 02414 0.2405 0.2360 0.2579
50% 0.2286 0.2560 0.2575 0.2579 0.2525 0.2526 0.2517  0.2470 10,2654
55% 0.2286 0.2674  0.2593 0.2695 0.2642  0.2642  0.2634  0.2587  0.2809
50% 0.3571 0.2795 0.2817  0.2816 0.2756 0.2766 0.2759 0.2714 0,292
65% 0.3571 0.2923 0.2948 0.2945 0.2900 0.2900 0.2394  0.2853 0.3047
70% 0.3571 0.3076 0.3092  0.3086 0.3049 0.3049 0.3043 0.3011 0.3173
75% 0.3571 0.3248 0.3251 03242 0.3218 0.3218 0.3213 0.3194  0.3308
30% 0.3571 0.3457  0.3435 0.3422  0.3418 0.3416 0.3413 0.3416 0.3453
35% 0.3857  0.3729 0.3653 0.3640 0.3664  0.3654  0.3861 0.3701 0.3630
90% 0.3857  0.4122 03852 0.3927  D0.4001 0.4001 0.39%6 0.4104  0.3845
95% 0.3857  0.4847  0.4414  0.4379 0.4553 0.4553 0.4545 0.4815 0.4157 -
4 1 3
EJ|[!,|| l|% %E Write To Cell | Close |

23  Correction of input data

2.3.1  Errorin 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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Fitting probability distributions to Service Component data

Figure 2.2: Number of events >0.05 system minutes — HyperGeo distribution

2k @RISK - Fit Results (= [ B

—= [ Fit Comparison for Events > 0.05 mins
Fit Chi-5q RiskHyperGeo(70,1026,32675)
0.00 5.00
Poisson 0.0363 5.0% 5.0%
MegBin 0.1271 10.7% 23%
IntUniform 0.2000 2307
Geomet 0.7855
Binomizl W4
| 0.25
0.20
[l
. @RISK Trial Version
For Ev@luation Purposgs Only
| |
0.10 |
0.05 - |
0.00 | I g B -
-Tl —_ (] ] - u w = o0 (=]
@l[!ll I‘ Ml%lml Write To Cel Close

ISSUE 3 28/10/2015 36/41
UNCONTROLLED WHEN PRINTED



Fitting probability distributions to Service Component data

Figure 2.3: Number of events >0.05 system minutes — statistics table

Bk @RISK - Fit Results | &

Fit Ranking ﬂ Input| HyperGeo Poisson MegBin|  IntUniform Geomet| =
Function =RizkHyper.. =RiskPoisso.. =RiskMegBi.. =RiskIntUni.. =RiskGeom..
Fit Chi-5a] " bistribution Statistics
_ Minimum 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Paisson 0-0383 1y asimum 50000 70,0000 Hnfinity  +nfinity 50000  Hnfinity
NegBin 0-1271 1 yean 2,2000 2.1980 2,2000 2.2000 2,5000 2.2000
Intniform 0-2000 1y ode 0.0000 2.0000 2,0000 1.0000 0.0000 0.0000
Geomet 0-7895 1 Imedian 2.0000 2.0000 2,0000 2.0000 2,0000 1.0000
ChomE 27 | std. Deviation 19235 1.4576 1.4832 1.7799 1,7078 2.6533
| skewness 0.3359 0.6403 0.6742 1.0562 0.0000 2.0352
Kurtosis 1,9945 3.3798 3.4545 4,5157 1.7314 9.1420
-| Percentiles
5% 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
10% 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
15% 0.0000 1.0000 1.0000 0.0000 0.0000 0.0000
20% 0.0000 1,0000 1,0000 1,0000 1,0000 0.0000
25% 1,0000 1,0000 1,0000 1,0000 1,0000 0.0000
! 30% 1,0000 1.0000 1,0000 1.0000 1,0000 0.0000
35% 1,0000 1.0000 1,0000 1.0000 2,0000 1.0000 |—
40% 1,0000 2.0000 2,0000 1.0000 2,0000 1.0000
45% 2,0000 2.0000 2,0000 2.0000 2,0000 1.0000
50% 2,0000 2.0000 2,0000 2.0000 2,0000 1.0000
55% 2,0000 2.0000 2,0000 2.0000 3.0000 2.0000
60% 2,0000 2.0000 2,0000 2.0000 3.0000 2.0000
65% 3.0000 3.0000 3.0000 3.0000 3.0000 2.0000
0% 3.0000 3.0000 3.0000 3.0000 4,0000 3.0000
75% 3.0000 3.0000 3.0000 3.0000 4,0000 3.0000
B0% 3.0000 3.0000 3.0000 4,0000 4,0000 4,0000
85% 5.0000 4,0000 4,0000 4,0000 5.0000 5.0000
90% 5.0000 4,0000 4,0000 5.0000 5.0000 £.0000
95% 5.0000 5.0000 5.0000 6.0000 5.0000 7.0000
-| Chi-Squared Test -
El| [!| l‘ M‘ HE Write To Cell | Close |

24  Updated recommendations

24.1 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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Fitting probability distributions to Service Component data

Figure 2.4 Number of events >0.30 system minutes — Poisson distribution

il @RISK - Fit Results

Fit Ranking ﬂ

Fit Chi-5g
Binomial 0.0000
HyperGeo 10,0000
IntUnifarm 0,2000
Geomet 1.0318

A

][

| |

Fit Comparison for Events > 0.30 mins

For Evaluation

RiskPoissaon{0.40000)

i.000

5.0% |

6.2% |

@RISK Trfal Version

Purposes Only

0.3

0.2

0.1

0.0 ! ! E |
Lxl = L L = Ly
DI (=] o —_ ('] (']
||:|| Write To Cell | Close |

Figure 2.5 Number of events >0.30 system minutes — statistics table

gl @RISK - Fit Results

L[ © ]

Fit Ranking j o Input Binomial| HyperGeo| IntUniform Poisson Geomet| =
=|Fr
Fl Chi-Sg Function =RiskBinomi.. =RiskHyper.. =RiskIntUni.. =RiskPoiszo.. =RiskGeom..
Binomial 0.0000 I pictribution Statistics
HyperGea 0.0000 | inimum 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
IntUniform 0.2000 | iasimum 1.0000 1.0000 1,0000 10000  Hnfinity  +nfinity
Mean 0.4000 04000 0,4000 0.5000 0,4000 0.4000
Geomet L0318 | ivode 0.0000 00000 00000 00000 00000 00000
Negtin MA | Median 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Std, Deviation 0.5477 0.4399 0.4399 0.5000 0.6325 0.7483
Skewness 0.4082 0.4082 0.4082 0.0000 1.5811 24054
Kurtosis 11667 11667 11667 1,0000 55000 10,7857
-|Percentiles
5% 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
10% 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
15% 00000 0.0000 0.0000 00000 00000 0.0000
0% 0.0000 00000 0.0000 0.0000 0.0000 0.0000
25%, 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
30% 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
35% 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000|
0% 0.0000 0.0000 00000 0.0000 00000 0.0000
45% 00000 0.0000 0.0000 00000 00000 0.0000
50% 0.0000 0.0000 00000 0.0000 0.0000 0.0000
55% 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000
60% 0.0000 1.0000 0.0000 1,0000 0.0000 0.0000
65% 1.0000 1.0000 1.0000 1.0000 0.0000 0.0000
70% 1.0000 1.0000 1,0000 1,0000 1.0000 0.0000
75% 1.0000 1.0000 1,0000 1,0000 1.0000 1.0000
30% 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
35% 1.0000 1.0000 1,0000 1,0000 1.0000 1.0000
90% 1.0000 1.0000 1,0000 1,0000 1.0000 1.0000
95% 1.0000 1.0000 1,0000 1,0000 2,0000 2,0000
| Chi-Souared Test i
@| [!| l| %| ||E Write To Cel | Close |
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Fitting probability distributions to Service Component data

Figure 2.6: Incorrect operational isolation — Poisson distribution

M @RISK - Fit Results

Fit Ranking
Fit
IntUniform
Binomial
HyperGeo

Geomet
Neagtin

B[[E

=
Chi-5g
0.0000
0.0373
0.0641

9.3275

N

& |

Fit Comparison for Incorrect isolation of equipment

RiskPoisson{f)

4.00

5.0%

28.5%

0.25 q

0.20 4

0.15 4

0.10 4

0.05

|2

[yl

8.00

5.0% |

15.3% |

=1 ] -
= —_ —

Write To Cell | Close |

Figure 2.7: Incorrect operational isolation of equipment —statistics table

_ .
Jl @RISK - Fit Results ESRROf™ >
Fit Ranking ﬂ Input| IntUniform Binomial | HyperGeo Poisson Geomet || =
—|Fit
Fit Chi-5g Function =RiskIntlni.., =RiskBinomi.. =RiskHyper.. =RiskPoiszo.. =RiskGeom..
Intlniform 00000 I pietribution Statistics
Binomial 00373 | Iutinimurn 4,0000 4,0000 10,0000 0.0000 0.0000 10,0000
HyperGeo 0.0841 | Iigaximum 8.0000 8.0000 9.0000  10.0000  +Infinity  +Infinity
Mean 5.0000 6.0000 6.0000 5.0000 6.0000 6.0000
Geomet %3275 | IMode 40000 40000  &0000  &0000 50000 00000
Negei WA Median 5.0000 6.0000 6.,0000 5.0000 6.0000 4,0000
Std. Deviation 1.5811 1.4142 14142 1.4142 2,4495 6.4807
Skewness 0.0000 0.0000  -0.2357  -0.0934 0.4082 2.0055
Kurtosis 1,7000 1,7000 2.3333 2.8643 31867  9.023
-| Percentiles
5% 4,0000 4,0000 4,0000 4,0000 2,0000 10,0000
10% 4,0000 4,0000 4,0000 4,0000 3,0000 10,0000
15% 4,0000 4.0000 5.0000 5.0000 3.0000 1.0000
0% 4,0000 4.0000 5.0000 5.0000 40000 1.0000
25% 5.0000 5.0000 5.0000 5.0000 4,0000 1.0000
30% 5.0000 5.0000 5.0000 5.0000 5.0000 2,0000 |||
35% 5.0000 5.0000 6.0000 5.0000 5.0000 2.0000
40% 5.0000 5.0000 6.0000 5.0000 5.0000 3.0000
45% 5.0000 6.0000 £.0000 50000 6.0000 3.0000
50% 5.0000 6.0000 6.,0000 5.0000 6.0000 4,0000
55% 5.0000 6.0000 6.0000 5.0000 6.0000 5.0000
60% 5.0000 7.0000 6.0000 5.0000 6.0000 5.0000
65% 7.0000 7.0000 7.0000 7.0000 7.0000 £.0000
70% 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000
75% 7.0000 7.0000 7.0000 7.0000 3.0000 8.0000
80% 7.0000 7.0000 7.0000 7.0000 8.0000  10.0000
85% 8.0000 8.0000 7.0000 7.0000 9.0000 12,0000
50% 50000 5.0000 £,0000 5.0000 50000 14,0000
55% 8.0000 8.0000 8,0000 8.0000 10,0000  15.0000 | _
@|[!| i|%| ||E Write To Cell | Close |
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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

"l @RISK - Fit Resuits (ESNAOR™ >

= B Fit Comparison for Failure of Protection System
Fit Chi-5g RiskPoisson{28.800)
1400 asan
IntUniform 0.2000 5.0% 5.0%
NegBin 0.4805 0.2% 1.2%
Geomet 76261 U
Binomial N
HyperGeo M 0.40 4
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00 e
L [} [Ty} = L = L
— — (3] (3] [} [} - -
E.l|[!|| ik M‘ ‘I:l‘ Write To Cell | Close |
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Fitting probability distributions to Service Component data

Figure 3.2; Failure of protection system — statistics table

M @RISK - Fit Results B =
Fit Ranking ﬂ Input Poisson | IntUniform MNegBin Geomet| =
Function =RigkPoizso.. =RiskIntlni.. =RiskMegBi.. =RiskGeom..
Gk Chi-5a| | pistribution Statistics
_ Minimum 14.0000 0.0000  14.0000 0.0000 0.,0000
I”ﬁ""f'fc'rm 0.2000 | |yiasimum 410000  +Infinity  4L0000  +Infinity  +Infinity
Neg8in 0.4805 | yyean 28,8000  28.8000 27,5000  23.8000 28,8000
Geomet TBBL 1 ode 33.0000 280000 140000 25,0000 0.0000
nomis! Median 33.0000  29.0000  27.0000  28.0000  20.0000
HyperGeo Std. Deviation 10,4499 5.3666 8.0777 9.8055 29,2957
Skewness 0.,3608 0.1363 0.0000 0.5861 2.0003
Kurtosis 1.8839 3.0347 1.7969 3.5102 9.0012
-| Percentiles
5% 14,0000  20.0000 150000 14,0000 1.0000
10% 14,0000 22,0000 150000  17.0000 3.0000
15%, 14,0000  23.0000 180000  19.0000 4,0000
0% 14,0000  24.0000 19,0000  20.0000 £.0000
25% 23.0000  25.0000 20,0000  22.0000 8.0000
30% 23.0000 26,0000 220000  23.0000 10,0000
35% 23.0000 270000 230000 240000 12,0000 [—
0% 23.0000  27.0000 250000  25.0000  14.0000
5% 33.0000  28.0000 260000  27.0000  17.0000
50% 33.0000 29.0000  27.0000  28.0000 20,0000
55% 33.0000 29.0000  20.0000  29.0000  23.0000
0% 33.0000 30,0000  30.0000  30.0000 26,0000
65% 33.0000 310000 320000  32.0000  30.0000
70% 33.0000 310000  33.0000  33.0000  35.0000
75% 33.0000  32.0000 340000  35.0000  40.0000
80% 33.0000  33.0000 360000  37.0000  47.0000
5% 41,0000 340000 370000  39.0000  55.0000
90% 41,0000 350000 39,0000 420000  &7.0000
95% 410000  38.0000 400000  47.0000  87.0000
-| Chi-5quared Test -
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