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[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Toc408477645]Introduction
Essential Energy has correlated network outages to the nearest recorded wind speed derived from Bureau of Meteorology (BOM) data.
[bookmark: _Toc408477646]Background
Data from 50 Bureau of Meteorology stations was obtained covering Essential Energy’s footprint.
· Every outage in the outage database is related to a circuit breaker or recloser that controls the segment the outage occurred on, this is how the segment affected is identified. 
· The spatial coordinates of the reclosers or circuit breakers that operated was obtained 
· Using a calculation the nearest (crow flight) weather station to every recloser or circuit breaker was determined 
· In the weather data wind speeds are recorded at 9am and 3pm local time along with the maximum wind gust recorded for the day
· Once a relationship to a recloser / circuit breaker and weather station had been arrived at and the reclosers or circuit breakers that operated during the outage is known a correlation to weather close to the time of the outage could be determined. 
· To correlate the weather at the time of the outage the outage time is matched to the nearest recorded time for a wind event to the nearest weather station for the reclosers or circuit breakers that operated.
[bookmark: _Toc408477647]Analysis
The following figures demonstrate Essential Energy’s network experiences an increase in the average CML (Customer Minutes Lost) per outage as wind speed increases. Essential Energy’s rural distribution network is designed for a minimum 50 year wind return period which is the equivalent of 925 Pa (140km/hr)[footnoteRef:1]. Given the design parameters of the network the following figures demonstrate a venerable network in poor condition with equipment failure occurring at approximately 60km/hr (170 Pa) and ramping up with wind speed. If the network was performing as designed one could expect to see a reasonably flat average CML per outage figure till approximately 140km/hr[footnoteRef:2].  [1:  CEOM7097 Overhead Design Manual table 3.5.6.8.2: Essential Energy]  [2:  Whilst in theory one could expect a flat CML per outage profile with wind till the design limit of the feeder was reached in practice this is not the case. During wind events wind blown debris and the like due to storm activity will mean that outages will occur and the average CML per outage may go up with wind speed due to the larger number of outages caused by debris and storm activities that slow Essential Energy’s response time leading to a higher average CML per outage. It is the case however that the rise in average CML with wind as shown in the figures cannot be explained solely by wind blown debris, Essential Energy experiences equipment failures such as poles and conductors that cannot be attributed to debris during wind events as demonstrated by the equipment failure probability analysis chart Figure 3‑4.] 

[image: ].
Figure 3‑1: Wind Speed by Average CML per Outage
Wind return periods as per AS 7000 / AS 1170.2 has been calculated from the wind speed figures provided by the BOM and is presented in Figure 3‑2.

Where:
Vr is the wind speed in m/s
R is the return period in years
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[bookmark: _Ref407881480]Figure 3‑2: Wind Return Periods by Average CML



Similarly to allow for direct comparison to the minimum design standard of 925 Pa the wind speed figures have been converted to Pascals as per Figure 3‑3.
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[bookmark: _Ref407883318]Figure 3‑3: Average CML by Wind Speed Pressure
Additional analysis was performed to determine the probability of specific equipment related failure as wind speed increased.

[bookmark: _Ref406486519]Figure 3‑4: Equipment Failure Probability by Wind Speed (Outage Data 2003 – 2004)
As can be determined by Figure 3‑4 as wind speed increases the following applies;
Probability of conductor failures increase with wind speed
Probability of Pole failures increases with wind speed.
Probability of Tie / Joint failures are constant 
Probability of Blown Arresters are constant
Probability of the outage being due to blown fuses decrease (ie there is a lower probability that as wind increases the outage will have been caused by a blown fuse) Though it would seem that at higher wind speeds (100km – to 120km) fuses are the big player overtaking conductors and poles. At wind speeds above 120km it would appear that conductors again are more likely to be at fault. 
The results of Figure 3‑4 are understated as it is assumed that one outage equates to one equipment failure. Practically this is not the case as wind speed increases the likelihood of multiple assets being involved is much higher. For example a wind gust can result in multiple pole failures, the above chart assumes there is only one.
[bookmark: _Toc408477648]Wind Speed Occurrence
The occurrence of damaging winds on Essential Energy’s varies from year to year as shown in Figure 4‑1.
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[bookmark: _Ref406684667]Figure 4‑1: Wind Speed by Outage 2003 - 2014
[image: ]
[bookmark: _Ref408477491]Figure 4‑2 Number of Wind Events above 60km/hr by Fiscal Year
On Essential Energy’s network increasing damage to the network is sustained at 60km/hr wind speeds Essential Energy’s network experiences wind related damage year to year which is variable as shown in Figure 4‑2. However wind damage is not the only climate related damage that occurs on the network. In Essential Energy’s footprint lightning related incidences are significant contributors to overall performance.  
Arrestor Probability	(a) 0-10	(b) 10-20	(c) 20-30	(d) 30-40	(e) 40-50	(f) 50-60	(g) 60-70	(h) 70-80	(i) 80-90	(j) 90-100	(k) 100-110	(l) 110-120	(m) 120-160	2.4078803356439256E-2	2.1874535554564738E-2	1.9520589615672095E-2	2.0025415187765655E-2	2.054749121760456E-2	1.8946781833379771E-2	1.4068527342863625E-2	1.4197306152166E-2	1.486374896779521E-2	1.4230271668822769E-2	2.2935779816513763E-2	0	1.9801980198019802E-2	Fuse Probability	0.48656968259759215	0.47811870887546781	0.4711189139390568	0.45085666710485955	0.46576522834228146	0.49400947339091666	0.46426140231449964	0.3724062613760466	0.37572254335260113	0.37516170763260026	0.40366972477064222	0.51351351351351349	0.28712871287128711	Conductor Probability	9.2438890915724187E-2	9.5591315039249863E-2	9.982791287872203E-2	0.11112571754086149	0.10936567906144362	0.10142100863750349	0.13319718629453142	0.15908263560247543	0.16597853014037986	0.2652005174644243	0.13761467889908258	0.10810810810810811	0.34653465346534651	Tie / Joint / Dropper Probability	7.8050893834367016E-2	7.8391633902152327E-2	8.3505710163569682E-2	9.0486832303580039E-2	8.3250480546165573E-2	7.7180273056561721E-2	8.4864987519854773E-2	9.21004732435384E-2	0.1106523534269199	6.9857697283311773E-2	7.3394495412844041E-2	8.1081081081081086E-2	4.9504950495049507E-2	Pole Probability	1.4273987595767968E-2	1.7321281396511425E-2	1.875575796554781E-2	2.0857981683537093E-2	2.054749121760456E-2	2.5355252159375872E-2	2.768323122305423E-2	3.7131416090280304E-2	3.8810900082576386E-2	1.8111254851228976E-2	2.2935779816513763E-2	0	6.9306930693069313E-2	Wind Speed km/hr
Probability of Single Asset Failure

image2.png
Average CML per Outage

120000

100000

80000

60000

40000

20000

°

Average CML per Outage at specified Wind Speed 2003 - 2014

(@010  (b)1020 (c)2030 (d)3040 (e)4050 (5060 (g)60-70 (h)70-80  ()8090  ()90-100 (k) 100110 () 110-120 (m) 120-160
Wind Speed kmihr





image3.png
Average CML per Outage

120000

100000

80000

60000

40000

20000

Average CML per Outage at specified Wind Return Periods (Yrs) 2003 - 2014

(c) (d) (h) (k)
@001 4ofh0r 0oidos 00vg0s oosgos M008013 o R oy o 00, woataTepoTerss | L wazsTas, Tl





image4.png
Average CML per Outage

120000

100000

80000

60000

40000

20000

°

Average CML per Outage at specified Wind Pressures (Pa) 2003 - 2014

Minimum Desig|
Criteria

(2)0-100 (b)100200  (c)200300  (d)300400  (e)400500 (500600  (g)600-700 (h)700-800

Pascals (Pa)

(i)800-1300





image5.png
Number of Outages

Number of Outages at specified Wind Speed 2003 - 2014

12000

10000

8000

6000

4000

2000

@10
B 1020
02030

o 3040

m (4050

B 5080
B(@50-70
o) 7080
@ s0w

B 90100
B 100410
B 10420
B(m) 120160

2003

2004

2005

2006

2007

2008

Fiscal Year

2009

2010

2011

2012

2013





image6.png
Number of Outages

Number of Outages at specified Wind Speed 2003 - 2014

1400

1200

1000

801

3

B (50160

601

3

401

3

201

3

°

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Fiscal Year





image1.jpeg
essential
energy




