
Chapter 4 

Exposure zone reliability and effectiveness of the mitigation 

techniques. 

In this chapter the following two topics are discussed in detail. 

4.1 Exposure zone reliability estimation. 

4.2 Quantification of effectiveness of the mitigation techniques. 

4.1 Exposure Zone reliability estimation 

4.1.1 Exposure zone categories. j 

When the reliability of the system depend on the environmental factors 

such as the type of the weather conditions , way leaves and distance to the 

sea and geographical location such as Mountains and plains, then 

weighting factors should be applied to the net work for accurate reliability 

analysis. 

MV network distribution system in Sri Lanka, according to their Exposure 

Zones can be categorized as follows. 

i) Coastal area with sea breeze effect 

ii) Coastal area without sea breeze effect 

iii) General rural area 

iv) Coconut Plantation 

v) Thick Jungles 

vi) Semi-thick jungles 

vii) Paddy fields 

i) Coastal area with sea breeze effect. 

, A.r 

.... 

Corrosion effect due to the salty wind, in the equipment and aluminium 

conductors are very significant in this type of exposure zones. Kalpitiya & 
~ 

Hambantotha coastal areas fall in to this type of exposure zone. :.> • 
.; 

ii) Coastal area without sea breeze effect. 

Except Kalpitiya & Hambanthota area, other coastal areas in Sri Lanka 
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come under this category. There is no sea breeze effect in these areas 

therefore the corrosion level of equipment and conductors, due to the salty 

environment is less severe compared to the zones with sea breeze effect. 

iii) General rural area . 

Most of the rural areas in NWP are coming under this category of exposure 

Zones. Average failure rates of the equipment and conductors can be 

observed. 

iv) Coconut Plantation. 

Some areas inside the coconut triangle come under /this category. 

Conductor breakdowns and DOLO fuses blown are prominent in these 

areas. 

v) Thick Jungles 

Jungles with high grown trees and having many branches are classified as 

the exposure zones with thick jungle areas. Minneriya, Singharaja, 

Udawalawe areas are coming under this type. Auto Reclosure trippings , 

Load break swiches tripping are very significant in these areas and the 

equipment repair time is very much more than the average. 

vi) Semi-thick jungles. 

Jungles with bushes and average growing trees are classified in to this 
f . 

category. Some areas of Gokarella, Wariyapola ... ~nd Nikaweratiya are 

coming under this category. 

~ 

vii) Paddy fields. 

Equipment failure rates and conductor breakdown rates are very low in 

these areas. Repairing of Equipment broken conductor breakd_owrJO.. is 
:. .... 

much easier in these types of areas. .., 

Once the exposure Zones are defined, annual failure rates and equipment 

repair time for the particular zones can be calculated. 
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It is required to have a very large number of accurate details in a data base 

to calculate the annual failure frequency rates and repair time for the 

exposure zone. 

According to the IEEE standards it is required to have at least a 5 year data 

base to get the reasonably calculated reliability indices for exposure zones. 

Presently available data base does not produce sufficient information to 

calculate the zone failure frequency and repair time. 

4 .1.2 Method of calculating the reliability indices for exposure zones. 

In this section calculation of reliability indices for the exposure zone 

categorized as coastal area without sea breeze effect is discussid in detail. 

a. Calculation of Failure Rates & Repair Time for Exposure Zones 

From the Results of the Survey Carried out by the System Planning 

Group of NWP. 

Questionnaire Prepared by the System Planning unit was distributed 

among the consumers in Wennappuwa area they were requested to monitor 

the MV failures for two years and fill the questionnaire. At the end of year 

2006 the distributed questionnaire were collected from the consumers by 

the Wennappuwwa CSC . Questionnaire distributed among the consumers 

are given in annexure 4.1. 

Total number of consumers in this zone is around 800 consumers and feed 

back was received only from the 242 consumers. The summarized results 
f 

are given in table 4.1. A-!' 

Table 4 . 1 - Summarize result of the survey 

Average time taken to restore the power 

supply ( Hours) 

0.5 

0.75 

1 

1.25 

1.5 

Frequency 

1 

7 

8 

8 

; ' 

.... .... _ 

yl 
,.~ 
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1.75 

2 

2.25 

2.5 

2.75 

3 

3.5 

Details of the selected zone is given below, 

6 

28 

50 

13 

4 

2 

• According to the reliability zone categorization this zone is identified 

as a reliability zone in coastal area without sea breeze e(fect. 

• Total MV line length in this particular zone is 7.2 krn. 

• MV failure have been monitored for 2 years to calculated the failure 

frequency and repair time for the reliability zone -coastal area 

without sea breeze effect. 

Summarized results given in table 41, are plotted as a frequency 

distribution as shown in figure 4.1 which pictorially represents the 

frequency of occurrence of MV power failures having the power restoration 

time between 0.5 hours to 3.5 hours . 

Figure 4.1 : Frequency Distribution of MV power failure of the 

selected area. 
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An alternative method of plotting this data is to group sets of data of 

approximately equal values together. This is convenient as the total 

number of data is very large and it reduces the amount to be manipulated 

and produces a pictorial representation that is easier to interpret. Therefore 

these data could be group in to the cut sets given in table 4.2. [11 

Table 4 .2 Cut Sets of average time taken to restore the power supply 

Cut Sets Average Time Taken( Hrs) Frequency 
-- -- ----
1 I 0.5-1.74 I 25 

2 1.75-2.49 I s4 

3 1 2.5-3.5 I 24 
I 

Frequency distribution of MV power failures against the cut sets are given 

in figure 4.2 in form of a histogram. 

Figure 4.2 : Frequency Distribution of MV power failure of the 

selected area- Bar Chart 
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At this point probability has not been considered but this can be deduced 

from the data and the two frequency distribution using the concept of 
~ 

relative frequency of probability. 
..... 

yl 

Average repair time for this particular reliability zone= 1.75...- (2.49-1.75)/2 

= 2 .12 hours 
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Therefore, the failure rate, repair time for coastal Zone without sea breeze 

effect is calculated as follows: 

Frnra,;{. 

Failure Rate = Yrnrat L .. ral 

Ftotal = Total no. of failures 

Ytotal= Total number of years 

Ltotal =Total length of MV distribution net work in the particular Zone 

Failure Rate = ~ 

Failure Rate = 0.21 f/yr per km 

As per the figure 4.2 

Repair Time 2.12 hours I yr per km 

I 

It is possible to calculate the a ccurate failure rates and repair time for the 

other exposure zones in the same manner. However due to the time 

limitation failure rates and repair time for the other exposure zone were 

calculated based on the current available data at Distribution control 

centre and following assumptions are made in the ~ulation of reliability 
" 

indices for exposure zones, 

• Breakdowns belonging to the category 5 described under clauses 

3.3.1 of this report are taken for exposure zone reliability calculatiot}- · 

• If the duration of breakdown is extremely long due to unavoidable 

circumstances, the time duration of these type of breakdowns are not .. 
been taken in to account. -;.. .... 

, 
• The practical experience of maintenance staff of the Consumer ~ 

Service Centres is taken in to consideration. 
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Reliability indices calculated for different exposure zones are given in 

Table 4.3 

Table 4.3: Reliability Indices for Exposure Zones 

Expos ure Zone I Failure f'equency Repair time 

hours I y fjyrfkm 
-- -

al area with sea breeze effect 

al area without sea breeze effect. 

Coast 

Coast 
I 0.35 2.12 

0.21 2.12 
-- I -

·al rural area. 0.10 2.50 

tut Plantation. 0.35 2.50 
·- r--

Jungles 0.25 6.00 

thick jungles. 0.21 tl 4.00 

Paddy fields. 0.01 2.50 

-- - '-- - '--

It is difficult to calculate the repair cost associated with breakdowns. lf the 

detailed records are maintained for every breakdown, such as material cost 

and labour cost associated with the repair then it is possible to calculate 

the repair costs of the break down. 

Exposure Zones are the tools using which the section failure can be applied 

to the model. Latest scanned map (1:50,000 or smaller) is put into the 

background of the model and it categorizes the sections according to their 

exposure Zones. Stored in the equipment database, · an exposure Zone 

represents a present collection of failure data that can be applied directly to 

multiple sections, rather than applying an individ~ data set for each 
' 

section. All sections assigned to a particular exposure Zone share common 

values for 

• Sustained failure rate per set length of line. ; ' 

• Repair time. 

91> 

4 .2 Quantification of effectiveness of the mitigation tec hniqueg>{-8] . 

-

From data perspective, mitigation Zones are similar to exposure Zones. A-~ 

mitigation Zone is simply a collection of all the root causes in the system 

with a percentage of mitigation effectiveness assigned to each. When 
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assigning a mitigation zone to the sub system root causes are considered to 

be mitigated according to corresponding percentages. Mitigation zones also 

contain fixed and annual cost data that is used by the analysis for costs 

calculations, including those based on initial cost versus cost saving due to 

effective mitigation. However due to the unavailability of data associated 

with the cost of breakdown repairs, the financial savings are not 

considered. 

For NWP electrical distribution system, Mitigation Zones can be separated 

as follows: 

I. Zones that require for Proper maintenance sch/ctules for Way 

leave clearing. 

II. Zones for Replacement of porcelain insulators with silicon 

rubber insulators in coastal areas where sea breeze effect is 

significant. 

III. Zones where Insulator washing is required due to coastal 

spray 

IV. Zones where Squirrel cage for monkeys are required in thick & 

semi thick jungles 

Percentages for the effectiveness of the mitigation techniques are selected 

based on the previous experience of the area engineers & maintenance staff 

of CEB. 

Mitigation zones, root causes and the effectiveness of mitigation techniques 
t 

applied to the digitized model are given in table 4.4. Ar 

Table 4.4 : Mitigation zones and their effectiveness 

Mitigation zone Failures mitigated 

I Replace the porcelain AR & sectionalizer trippings 

insulators with silicon Fuse blown, insulator and 

rubber insulators in conductor break downs 

coastal area. 

Effectiveness . of 

mitigation 

technique~ ... ... _ 

60~ 

t 
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maintenance l AR & LBS operations fProper 

schedule for Way leave I Fuse blown, conductor break 

downs l clearing. _ 

' Insulator washing AR & LBS operations 

Conductor 

insulator and 

break downs 

breakdowns 

conductor 

--------------------~- --- ----Squirrel cage for AR & LBS operations 

monkeys 1 Fuse blown 

A;-.. 

soo~l 

I 
20% j 

5% 

j 

; ' 

.... 
#.t-

.; 

-lO 


